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Precise atomic physics 
u6lising an6ma:er
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in HEP experiments, no visible devia6ons 
from the Standard Model predic6ons
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in HEP experiments, no visible devia6ons 
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... almost true ... ☞ Muon g-2 experiment



the Standard Model

wikipedia.org
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ma=er an$ma=er<latexit sha1_base64="+rhIQJRJydPNxPAIFclw1p/mYIU=">AAAB7HicbZBLTwIxFIXv4Avxhbp0M5GYuJrMGKIuiW5copFHAhPSKR1o6LRN2yGSCf/Apboxbv1HLvw3doAN4Fmd3O82PfdEklFtfP/XKWxsbm3vFHdLe/sHh0fl45OmFqnCpIEFE6odIU0Y5aRhqGGkLRVBScRIKxrd57w1JkpTwZ/NRJIwQQNOY4qRsaOnbtYrV3zPn8ldN8HCVGoezFTvlX+6fYHThHCDGdK6E/jShBlShmJGpqVuqolEeIQGpNMfU6k5SogOs5dZ2CWeoUTrSRJN3YsEmaFeZfnwP9ZJTXwbZpTL1BCO7YplccpcI9z8SLdPFcGGTaxBWFGbzMVDpBA2toqlX6gWRkgb2/YQrF69bppXXnDtVR+rldrdvBAowhmcwyUEcAM1eIA6NABDDK/wDh8Od96cT+drvlpwFm9OYUnO9x9ToZBG</latexit>

{
<latexit sha1_base64="+rhIQJRJydPNxPAIFclw1p/mYIU=">AAAB7HicbZBLTwIxFIXv4Avxhbp0M5GYuJrMGKIuiW5copFHAhPSKR1o6LRN2yGSCf/Apboxbv1HLvw3doAN4Fmd3O82PfdEklFtfP/XKWxsbm3vFHdLe/sHh0fl45OmFqnCpIEFE6odIU0Y5aRhqGGkLRVBScRIKxrd57w1JkpTwZ/NRJIwQQNOY4qRsaOnbtYrV3zPn8ldN8HCVGoezFTvlX+6fYHThHCDGdK6E/jShBlShmJGpqVuqolEeIQGpNMfU6k5SogOs5dZ2CWeoUTrSRJN3YsEmaFeZfnwP9ZJTXwbZpTL1BCO7YplccpcI9z8SLdPFcGGTaxBWFGbzMVDpBA2toqlX6gWRkgb2/YQrF69bppXXnDtVR+rldrdvBAowhmcwyUEcAM1eIA6NABDDK/wDh8Od96cT+drvlpwFm9OYUnO9x9ToZBG</latexit>

{



<latexit sha1_base64="giRnj/OHJ9h+FPc2NW0wpV9Z6Vw="></latexit>

⌧(n ! p⌫e⌫̄e) > 1018 yrs

<latexit sha1_base64="B7uCHCSxAemMjO+sTNOGyzlp5Z8="></latexit>

⌧(76Ge !76Se + ⌫̄ + e� + e�) > 1026 yrs

<latexit sha1_base64="jsECViRAskJrQn+LoC7prdtvyko="></latexit>

⌧(p ! e+⇡0) > 1033 yrs

• conserva$on of the leptonic number

• conserva$on of the electric charge

• conserva$on of the  barion number

... full symmetry in the theory
ma:er and an6ma:er 

ARE ALWAYS 
produced in equal amounts

3/20D. H. Perkins: Introduc)on to High Energy Physics, Cambridge University Press, 2000



<latexit sha1_base64="giRnj/OHJ9h+FPc2NW0wpV9Z6Vw="></latexit>

⌧(n ! p⌫e⌫̄e) > 1018 yrs

<latexit sha1_base64="B7uCHCSxAemMjO+sTNOGyzlp5Z8="></latexit>

⌧(76Ge !76Se + ⌫̄ + e� + e�) > 1026 yrs

<latexit sha1_base64="jsECViRAskJrQn+LoC7prdtvyko="></latexit>

⌧(p ! e+⇡0) > 1033 yrs

• conserva$on of the leptonic number

• conserva$on of the electric charge

• conserva$on of the  barion number

... full symmetry in the theory
ma:er and an6ma:er 

ARE ALWAYS 
produced in equal amounts

3/20D. H. Perkins: Introduc)on to High Energy Physics, Cambridge University Press, 2000

... almost true ... 
                      ☟ 
                   interested ?? 
                              ☟ 
                          "sphaleron"



... clear dispropor6on in Nature!
• In the visible part of the Universe ma=er significantly dominates an$ma=er

• Assuming that just aJer the Big Bang only radia$on was present 
 the Standard Model fails to explain such a huge dispropor$on

4/20

<latexit sha1_base64="r+D+f/IzUO5MjULXQ05nf94UPzE=">AAACEnicbZC9TsMwFIVvyv9/gZElogIxQJRABYwVLEwIJEorNaW6cd3Wqh1btoOoor4BI0/CCCyIlZWBtyEtXVo409H9ruVzT6Q4M9b3v53c1PTM7Nz8wuLS8srqWn5949bIRBNaJpJLXY3QUM5iWrbMclpVmqKIOK1E3fMBr9xTbZiMb2xP0brAdsxajKDNRo387mUjbKMQ6IaolJYPbtH3w/1QoO1okRLRv0sPjvqNfMH3/KHcvyYYmULJg6GuGvmvsClJImhsCUdjaoGvbD1FbRnhtL8YJoYqJF1s01rznikTo6Cmnj4MTxrjKQpjeiLquzuDVGaSDYb/sVpiW6f1lMUqsTQm2UrGWgl3rXQHVbhNpimxvJcZJJplyVzSQY3EZoWN/cKMtFJlsbMegsmr/5rbQy849orXxULp7LcQmIct2IY9COAESnABV1AGAo/wDK/w5jw5L8678/G7mnNGbzZhTM7nD7l8nsk=</latexit>

N� ⇡ 400 cm�3

<latexit sha1_base64="EKutiVTyrPFrDaVdUoxZ4B4b2kQ="></latexit>

NB �NB̄

N�
⇡ 6⇥ 10�10

<latexit sha1_base64="OBfuz5rmw6pP6e012ps2Y60s0dE="></latexit>

NB

N�
=

NB̄

N�
⇡ 10�20

J. M. Cline: Baryogenesis, hep-ph/0609145 
(lectures at Les Houches Summer School, 2006)

More details needed ??   ☞   check Sakharov condi6ons (1967) ...



p
<latexit sha1_base64="r4QQ7ifbXpkF+pqzPJWc2x3O9U4=">AAACCnicbVDLSsNAFL2pr1pf9bFzEyyCCylJq7bdFd24VLAqtEUmk5t26GQSZiZCCfkCXeqPuBO3/oT/4Qc4TQWfBwYO59zLPXO8mDOlHefNKszMzs0vFBdLS8srq2vl9Y1LFSWSYodGPJLXHlHImcCOZprjdSyRhB7HK290MvGvblEqFokLPY6xH5KBYAGjRBvpPL4pV5yqk8P+S9xPUmlvQY6zm/J7z49oEqLQlBOluq4T635KpGaUY1bqJQpjQkdkgF1DBQlR9dM8aGbvGsW3g0iaJ7Sdq983UhIqNQ49MxkSPVS/vYn4n9dNdNDsp0zEiUZBp4eChNs6sie/tn0mkWo+NoRQyUxWmw6JJFSbbko9HwPTXx4n9QcSUWSpHHhZ6uw71ca+k5ma3K92Wq1m7aiZk0O3/lXTZa3q1qvu+UGlfTztC4qwDTuwBy40oA2ncAYdoIBwBw/waN1bT9az9TIdLVifO5vwA9brB24YmyU=</latexit>

e�
<latexit sha1_base64="13hdRO+XqzH+7zSvJV6M8zr9Nf4=">AAACDHicbVDLSsNAFL3xWeurPnZugkVwoSXx2e6KblwqWhXaKpPJTTo4mYSZiVBCPkGX+iPuxK3/4H/4AU5TweeBgcM593LPHC/hTGnHebNGRsfGJyZLU+Xpmdm5+crC4rmKU0mxRWMey0uPKORMYEszzfEykUgij+OFd3M48C9uUSoWizPdT7AbkVCwgFGijXSKV5vXlapTcwrYf4n7SarNZShwfF157/gxTSMUmnKiVNt1Et3NiNSMcszLnVRhQugNCbFtqCARqm5WRM3tNaP4dhBL84S2C/X7RkYipfqRZyYjonvqtzcQ//PaqQ7q3YyJJNUo6PBQkHJbx/bg37bPJFLN+4YQKpnJatMekYRq006542NgGiziZH4oEUWeydDLM2fDqe1vOLmpyf1qp9Gob+3VC7Lrbn/VdL5Vc7dr7slOtXkw7AtKsAKrsA4u7EMTjuAYWkAhhDt4gEfr3nqynq2X4eiI9bmzBD9gvX4AjF2buQ==</latexit>

hydrogen-like atoms

p
<latexit sha1_base64="r4QQ7ifbXpkF+pqzPJWc2x3O9U4=">AAACCnicbVDLSsNAFL2pr1pf9bFzEyyCCylJq7bdFd24VLAqtEUmk5t26GQSZiZCCfkCXeqPuBO3/oT/4Qc4TQWfBwYO59zLPXO8mDOlHefNKszMzs0vFBdLS8srq2vl9Y1LFSWSYodGPJLXHlHImcCOZprjdSyRhB7HK290MvGvblEqFokLPY6xH5KBYAGjRBvpPL4pV5yqk8P+S9xPUmlvQY6zm/J7z49oEqLQlBOluq4T635KpGaUY1bqJQpjQkdkgF1DBQlR9dM8aGbvGsW3g0iaJ7Sdq983UhIqNQ49MxkSPVS/vYn4n9dNdNDsp0zEiUZBp4eChNs6sie/tn0mkWo+NoRQyUxWmw6JJFSbbko9HwPTXx4n9QcSUWSpHHhZ6uw71ca+k5ma3K92Wq1m7aiZk0O3/lXTZa3q1qvu+UGlfTztC4qwDTuwBy40oA2ncAYdoIBwBw/waN1bT9az9TIdLVifO5vwA9brB24YmyU=</latexit>

p̄
<latexit sha1_base64="bepLJmI9Aj0BF06F00CEslPW8uY=">AAACEHicbVDLSsNAFL3xbX3Vx85NsAguSkl8truiG5cV7APaUiaTmzp0MgkzE6GEfIQu9UfciVv/wP/wA5ymgs8DA4dz7uWeOV7MmdKO82bNzM7NLywuLRdWVtfWN4qbWy0VJZJik0Y8kh2PKORMYFMzzbETSyShx7HtjS4mfvsWpWKRuNbjGPshGQoWMEq0kdo9j8g0zgbFklNxcth/iftJSvUdyNEYFN97fkSTEIWmnCjVdZ1Y91MiNaMcs0IvURgTOiJD7BoqSIiqn+ZxM3vfKL4dRNI8oe1c/b6RklCpceiZyZDoG/Xbm4j/ed1EB9V+ykScaBR0eihIuK0je/J322cSqeZjQwiVzGS16Q2RhGrTUKHnY2BazOOk/lAiiiyVQy9LnbJTOSs7k5rcr3ZqterhaTUnJ+7RV02tw4p7VHGvjkv182lfsAS7sAcH4MIZ1OESGtAECiO4gwd4tO6tJ+vZepmOzlifO9vwA9brB4LNneo=</latexit>

protonium

exo6c atoms with an6ma:er...

hydrogen

e�
<latexit sha1_base64="13hdRO+XqzH+7zSvJV6M8zr9Nf4=">AAACDHicbVDLSsNAFL3xWeurPnZugkVwoSXx2e6KblwqWhXaKpPJTTo4mYSZiVBCPkGX+iPuxK3/4H/4AU5TweeBgcM593LPHC/hTGnHebNGRsfGJyZLU+Xpmdm5+crC4rmKU0mxRWMey0uPKORMYEszzfEykUgij+OFd3M48C9uUSoWizPdT7AbkVCwgFGijXSKV5vXlapTcwrYf4n7SarNZShwfF157/gxTSMUmnKiVNt1Et3NiNSMcszLnVRhQugNCbFtqCARqm5WRM3tNaP4dhBL84S2C/X7RkYipfqRZyYjonvqtzcQ//PaqQ7q3YyJJNUo6PBQkHJbx/bg37bPJFLN+4YQKpnJatMekYRq006542NgGiziZH4oEUWeydDLM2fDqe1vOLmpyf1qp9Gob+3VC7Lrbn/VdL5Vc7dr7slOtXkw7AtKsAKrsA4u7EMTjuAYWkAhhDt4gEfr3nqynq2X4eiI9bmzBD9gvX4AjF2buQ==</latexit>

<latexit sha1_base64="ZJd+ciZ0IBNar3dXifJC+ShskS8=">AAAB2HicbZBLS8NAFIVv6qvWV9Wlm2ARBCEkUqrLohuXFe0D21gm09t26GQyzEyKJRTciQs3LvTv+Df8N6aPTVvP6nC/c+GeG0jOtHHdXyuztr6xuZXdzu3s7u0f5A+PajqKFcUqjXikGgHRyJnAqmGGY0MqJGHAsR4Mbie8PkSlWSQezUiiH5KeYF1GiUlHD/h80c4XXMedyl413twUyg5MVWnnf1qdiMYhCkM50brpudL4CVGGUY7jXCvWKAkdkB42O0MmtSAhaj95mV67wBMSaj0Kg7F9FhLT18tsMvyPNWPTvfYTJmRsUNA0krJuzG0T2ZOWdocppIaPUkOoYullNu0TRahJf5FLK3vLBVdN7dLxSk7xvlgo38y6QxZO4BTOwYMrKMMdVKAKFHrwAV/wbT1Zr9ab9T6LZqz5zjEsyPr8Ayrxh28=</latexit>

e+

positronium

e�
<latexit sha1_base64="13hdRO+XqzH+7zSvJV6M8zr9Nf4=">AAACDHicbVDLSsNAFL3xWeurPnZugkVwoSXx2e6KblwqWhXaKpPJTTo4mYSZiVBCPkGX+iPuxK3/4H/4AU5TweeBgcM593LPHC/hTGnHebNGRsfGJyZLU+Xpmdm5+crC4rmKU0mxRWMey0uPKORMYEszzfEykUgij+OFd3M48C9uUSoWizPdT7AbkVCwgFGijXSKV5vXlapTcwrYf4n7SarNZShwfF157/gxTSMUmnKiVNt1Et3NiNSMcszLnVRhQugNCbFtqCARqm5WRM3tNaP4dhBL84S2C/X7RkYipfqRZyYjonvqtzcQ//PaqQ7q3YyJJNUo6PBQkHJbx/bg37bPJFLN+4YQKpnJatMekYRq006542NgGiziZH4oEUWeydDLM2fDqe1vOLmpyf1qp9Gob+3VC7Lrbn/VdL5Vc7dr7slOtXkw7AtKsAKrsA4u7EMTjuAYWkAhhDt4gEfr3nqynq2X4eiI9bmzBD9gvX4AjF2buQ==</latexit>

<latexit sha1_base64="JBdK5jAk/R+wa+QpYcR1NHRFy10=">AAAB3nicbZBLT8JQEIWn+EJ8oS7dNBITV6Q1RF0S3bjERB6GNji9DHDDvW1z7y2RNGzdGRduXOh/8W/4byzgBvCsTuY7k8yZIBZcG8f5sXJr6xubW/ntws7u3v5B8fCooaNEMaqzSESqFaAmwUOqG24EtWJFKANBzWB4O+XNESnNo/DBjGPyJfZD3uMMTTZ69AJUqSeTSadYcsrOTPaqcf9MqVqGmWqd4rfXjVgiKTRMoNZt14mNn6IynAmaFLxEU4xsiH1qd0c81iFK0n76PLt5gacotR7LYGKfSTQDvcymw/9YOzG9az/lYZwYClkWyVgvEbaJ7GlXu8sVMSPGmUGmeHaZzQaokJnsI4WssrtccNU0LsruZblyXylVb+bdIQ8ncArn4MIVVOEOalAHBhLe4RO+rCfrxXq13ubRnPW3cwwLsj5+ATM1ioQ=</latexit>

µ̄

muonium

5/20

p̄
<latexit sha1_base64="bepLJmI9Aj0BF06F00CEslPW8uY=">AAACEHicbVDLSsNAFL3xbX3Vx85NsAguSkl8truiG5cV7APaUiaTmzp0MgkzE6GEfIQu9UfciVv/wP/wA5ymgs8DA4dz7uWeOV7MmdKO82bNzM7NLywuLRdWVtfWN4qbWy0VJZJik0Y8kh2PKORMYFMzzbETSyShx7HtjS4mfvsWpWKRuNbjGPshGQoWMEq0kdo9j8g0zgbFklNxcth/iftJSvUdyNEYFN97fkSTEIWmnCjVdZ1Y91MiNaMcs0IvURgTOiJD7BoqSIiqn+ZxM3vfKL4dRNI8oe1c/b6RklCpceiZyZDoG/Xbm4j/ed1EB9V+ykScaBR0eihIuK0je/J322cSqeZjQwiVzGS16Q2RhGrTUKHnY2BazOOk/lAiiiyVQy9LnbJTOSs7k5rcr3ZqterhaTUnJ+7RV02tw4p7VHGvjkv182lfsAS7sAcH4MIZ1OESGtAECiO4gwd4tO6tJ+vZepmOzlifO9vwA9brB4LNneo=</latexit>

<latexit sha1_base64="ZJd+ciZ0IBNar3dXifJC+ShskS8=">AAAB2HicbZBLS8NAFIVv6qvWV9Wlm2ARBCEkUqrLohuXFe0D21gm09t26GQyzEyKJRTciQs3LvTv+Df8N6aPTVvP6nC/c+GeG0jOtHHdXyuztr6xuZXdzu3s7u0f5A+PajqKFcUqjXikGgHRyJnAqmGGY0MqJGHAsR4Mbie8PkSlWSQezUiiH5KeYF1GiUlHD/h80c4XXMedyl413twUyg5MVWnnf1qdiMYhCkM50brpudL4CVGGUY7jXCvWKAkdkB42O0MmtSAhaj95mV67wBMSaj0Kg7F9FhLT18tsMvyPNWPTvfYTJmRsUNA0krJuzG0T2ZOWdocppIaPUkOoYullNu0TRahJf5FLK3vLBVdN7dLxSk7xvlgo38y6QxZO4BTOwYMrKMMdVKAKFHrwAV/wbT1Zr9ab9T6LZqz5zjEsyPr8Ayrxh28=</latexit>

e+

an$hydrogen



p
<latexit sha1_base64="r4QQ7ifbXpkF+pqzPJWc2x3O9U4=">AAACCnicbVDLSsNAFL2pr1pf9bFzEyyCCylJq7bdFd24VLAqtEUmk5t26GQSZiZCCfkCXeqPuBO3/oT/4Qc4TQWfBwYO59zLPXO8mDOlHefNKszMzs0vFBdLS8srq2vl9Y1LFSWSYodGPJLXHlHImcCOZprjdSyRhB7HK290MvGvblEqFokLPY6xH5KBYAGjRBvpPL4pV5yqk8P+S9xPUmlvQY6zm/J7z49oEqLQlBOluq4T635KpGaUY1bqJQpjQkdkgF1DBQlR9dM8aGbvGsW3g0iaJ7Sdq983UhIqNQ49MxkSPVS/vYn4n9dNdNDsp0zEiUZBp4eChNs6sie/tn0mkWo+NoRQyUxWmw6JJFSbbko9HwPTXx4n9QcSUWSpHHhZ6uw71ca+k5ma3K92Wq1m7aiZk0O3/lXTZa3q1qvu+UGlfTztC4qwDTuwBy40oA2ncAYdoIBwBw/waN1bT9az9TIdLVifO5vwA9brB24YmyU=</latexit>

e�
<latexit sha1_base64="13hdRO+XqzH+7zSvJV6M8zr9Nf4=">AAACDHicbVDLSsNAFL3xWeurPnZugkVwoSXx2e6KblwqWhXaKpPJTTo4mYSZiVBCPkGX+iPuxK3/4H/4AU5TweeBgcM593LPHC/hTGnHebNGRsfGJyZLU+Xpmdm5+crC4rmKU0mxRWMey0uPKORMYEszzfEykUgij+OFd3M48C9uUSoWizPdT7AbkVCwgFGijXSKV5vXlapTcwrYf4n7SarNZShwfF157/gxTSMUmnKiVNt1Et3NiNSMcszLnVRhQugNCbFtqCARqm5WRM3tNaP4dhBL84S2C/X7RkYipfqRZyYjonvqtzcQ//PaqQ7q3YyJJNUo6PBQkHJbx/bg37bPJFLN+4YQKpnJatMekYRq006542NgGiziZH4oEUWeydDLM2fDqe1vOLmpyf1qp9Gob+3VC7Lrbn/VdL5Vc7dr7slOtXkw7AtKsAKrsA4u7EMTjuAYWkAhhDt4gEfr3nqynq2X4eiI9bmzBD9gvX4AjF2buQ==</latexit>

hydrogen-like atoms

p
<latexit sha1_base64="r4QQ7ifbXpkF+pqzPJWc2x3O9U4=">AAACCnicbVDLSsNAFL2pr1pf9bFzEyyCCylJq7bdFd24VLAqtEUmk5t26GQSZiZCCfkCXeqPuBO3/oT/4Qc4TQWfBwYO59zLPXO8mDOlHefNKszMzs0vFBdLS8srq2vl9Y1LFSWSYodGPJLXHlHImcCOZprjdSyRhB7HK290MvGvblEqFokLPY6xH5KBYAGjRBvpPL4pV5yqk8P+S9xPUmlvQY6zm/J7z49oEqLQlBOluq4T635KpGaUY1bqJQpjQkdkgF1DBQlR9dM8aGbvGsW3g0iaJ7Sdq983UhIqNQ49MxkSPVS/vYn4n9dNdNDsp0zEiUZBp4eChNs6sie/tn0mkWo+NoRQyUxWmw6JJFSbbko9HwPTXx4n9QcSUWSpHHhZ6uw71ca+k5ma3K92Wq1m7aiZk0O3/lXTZa3q1qvu+UGlfTztC4qwDTuwBy40oA2ncAYdoIBwBw/waN1bT9az9TIdLVifO5vwA9brB24YmyU=</latexit>

p̄
<latexit sha1_base64="bepLJmI9Aj0BF06F00CEslPW8uY=">AAACEHicbVDLSsNAFL3xbX3Vx85NsAguSkl8truiG5cV7APaUiaTmzp0MgkzE6GEfIQu9UfciVv/wP/wA5ymgs8DA4dz7uWeOV7MmdKO82bNzM7NLywuLRdWVtfWN4qbWy0VJZJik0Y8kh2PKORMYFMzzbETSyShx7HtjS4mfvsWpWKRuNbjGPshGQoWMEq0kdo9j8g0zgbFklNxcth/iftJSvUdyNEYFN97fkSTEIWmnCjVdZ1Y91MiNaMcs0IvURgTOiJD7BoqSIiqn+ZxM3vfKL4dRNI8oe1c/b6RklCpceiZyZDoG/Xbm4j/ed1EB9V+ykScaBR0eihIuK0je/J322cSqeZjQwiVzGS16Q2RhGrTUKHnY2BazOOk/lAiiiyVQy9LnbJTOSs7k5rcr3ZqterhaTUnJ+7RV02tw4p7VHGvjkv182lfsAS7sAcH4MIZ1OESGtAECiO4gwd4tO6tJ+vZepmOzlifO9vwA9brB4LNneo=</latexit>

protonium

exo6c atoms with an6ma:er...

hydrogen

e�
<latexit sha1_base64="13hdRO+XqzH+7zSvJV6M8zr9Nf4=">AAACDHicbVDLSsNAFL3xWeurPnZugkVwoSXx2e6KblwqWhXaKpPJTTo4mYSZiVBCPkGX+iPuxK3/4H/4AU5TweeBgcM593LPHC/hTGnHebNGRsfGJyZLU+Xpmdm5+crC4rmKU0mxRWMey0uPKORMYEszzfEykUgij+OFd3M48C9uUSoWizPdT7AbkVCwgFGijXSKV5vXlapTcwrYf4n7SarNZShwfF157/gxTSMUmnKiVNt1Et3NiNSMcszLnVRhQugNCbFtqCARqm5WRM3tNaP4dhBL84S2C/X7RkYipfqRZyYjonvqtzcQ//PaqQ7q3YyJJNUo6PBQkHJbx/bg37bPJFLN+4YQKpnJatMekYRq006542NgGiziZH4oEUWeydDLM2fDqe1vOLmpyf1qp9Gob+3VC7Lrbn/VdL5Vc7dr7slOtXkw7AtKsAKrsA4u7EMTjuAYWkAhhDt4gEfr3nqynq2X4eiI9bmzBD9gvX4AjF2buQ==</latexit>

<latexit sha1_base64="ZJd+ciZ0IBNar3dXifJC+ShskS8=">AAAB2HicbZBLS8NAFIVv6qvWV9Wlm2ARBCEkUqrLohuXFe0D21gm09t26GQyzEyKJRTciQs3LvTv+Df8N6aPTVvP6nC/c+GeG0jOtHHdXyuztr6xuZXdzu3s7u0f5A+PajqKFcUqjXikGgHRyJnAqmGGY0MqJGHAsR4Mbie8PkSlWSQezUiiH5KeYF1GiUlHD/h80c4XXMedyl413twUyg5MVWnnf1qdiMYhCkM50brpudL4CVGGUY7jXCvWKAkdkB42O0MmtSAhaj95mV67wBMSaj0Kg7F9FhLT18tsMvyPNWPTvfYTJmRsUNA0krJuzG0T2ZOWdocppIaPUkOoYullNu0TRahJf5FLK3vLBVdN7dLxSk7xvlgo38y6QxZO4BTOwYMrKMMdVKAKFHrwAV/wbT1Zr9ab9T6LZqz5zjEsyPr8Ayrxh28=</latexit>

e+

positronium

e�
<latexit sha1_base64="13hdRO+XqzH+7zSvJV6M8zr9Nf4=">AAACDHicbVDLSsNAFL3xWeurPnZugkVwoSXx2e6KblwqWhXaKpPJTTo4mYSZiVBCPkGX+iPuxK3/4H/4AU5TweeBgcM593LPHC/hTGnHebNGRsfGJyZLU+Xpmdm5+crC4rmKU0mxRWMey0uPKORMYEszzfEykUgij+OFd3M48C9uUSoWizPdT7AbkVCwgFGijXSKV5vXlapTcwrYf4n7SarNZShwfF157/gxTSMUmnKiVNt1Et3NiNSMcszLnVRhQugNCbFtqCARqm5WRM3tNaP4dhBL84S2C/X7RkYipfqRZyYjonvqtzcQ//PaqQ7q3YyJJNUo6PBQkHJbx/bg37bPJFLN+4YQKpnJatMekYRq006542NgGiziZH4oEUWeydDLM2fDqe1vOLmpyf1qp9Gob+3VC7Lrbn/VdL5Vc7dr7slOtXkw7AtKsAKrsA4u7EMTjuAYWkAhhDt4gEfr3nqynq2X4eiI9bmzBD9gvX4AjF2buQ==</latexit>

<latexit sha1_base64="JBdK5jAk/R+wa+QpYcR1NHRFy10=">AAAB3nicbZBLT8JQEIWn+EJ8oS7dNBITV6Q1RF0S3bjERB6GNji9DHDDvW1z7y2RNGzdGRduXOh/8W/4byzgBvCsTuY7k8yZIBZcG8f5sXJr6xubW/ntws7u3v5B8fCooaNEMaqzSESqFaAmwUOqG24EtWJFKANBzWB4O+XNESnNo/DBjGPyJfZD3uMMTTZ69AJUqSeTSadYcsrOTPaqcf9MqVqGmWqd4rfXjVgiKTRMoNZt14mNn6IynAmaFLxEU4xsiH1qd0c81iFK0n76PLt5gacotR7LYGKfSTQDvcymw/9YOzG9az/lYZwYClkWyVgvEbaJ7GlXu8sVMSPGmUGmeHaZzQaokJnsI4WssrtccNU0LsruZblyXylVb+bdIQ8ncArn4MIVVOEOalAHBhLe4RO+rCfrxXq13ubRnPW3cwwLsj5+ATM1ioQ=</latexit>

µ̄

muonium
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p̄
<latexit sha1_base64="bepLJmI9Aj0BF06F00CEslPW8uY=">AAACEHicbVDLSsNAFL3xbX3Vx85NsAguSkl8truiG5cV7APaUiaTmzp0MgkzE6GEfIQu9UfciVv/wP/wA5ymgs8DA4dz7uWeOV7MmdKO82bNzM7NLywuLRdWVtfWN4qbWy0VJZJik0Y8kh2PKORMYFMzzbETSyShx7HtjS4mfvsWpWKRuNbjGPshGQoWMEq0kdo9j8g0zgbFklNxcth/iftJSvUdyNEYFN97fkSTEIWmnCjVdZ1Y91MiNaMcs0IvURgTOiJD7BoqSIiqn+ZxM3vfKL4dRNI8oe1c/b6RklCpceiZyZDoG/Xbm4j/ed1EB9V+ykScaBR0eihIuK0je/J322cSqeZjQwiVzGS16Q2RhGrTUKHnY2BazOOk/lAiiiyVQy9LnbJTOSs7k5rcr3ZqterhaTUnJ+7RV02tw4p7VHGvjkv182lfsAS7sAcH4MIZ1OESGtAECiO4gwd4tO6tJ+vZepmOzlifO9vwA9brB4LNneo=</latexit>

<latexit sha1_base64="ZJd+ciZ0IBNar3dXifJC+ShskS8=">AAAB2HicbZBLS8NAFIVv6qvWV9Wlm2ARBCEkUqrLohuXFe0D21gm09t26GQyzEyKJRTciQs3LvTv+Df8N6aPTVvP6nC/c+GeG0jOtHHdXyuztr6xuZXdzu3s7u0f5A+PajqKFcUqjXikGgHRyJnAqmGGY0MqJGHAsR4Mbie8PkSlWSQezUiiH5KeYF1GiUlHD/h80c4XXMedyl413twUyg5MVWnnf1qdiMYhCkM50brpudL4CVGGUY7jXCvWKAkdkB42O0MmtSAhaj95mV67wBMSaj0Kg7F9FhLT18tsMvyPNWPTvfYTJmRsUNA0krJuzG0T2ZOWdocppIaPUkOoYullNu0TRahJf5FLK3vLBVdN7dLxSk7xvlgo38y6QxZO4BTOwYMrKMMdVKAKFHrwAV/wbT1Zr9ab9T6LZqz5zjEsyPr8Ayrxh28=</latexit>

e+

an$hydrogen

purely leptonic systems 
☟ 

precise tests of the electroweak sector!

<latexit sha1_base64="+rhIQJRJydPNxPAIFclw1p/mYIU=">AAAB7HicbZBLTwIxFIXv4Avxhbp0M5GYuJrMGKIuiW5copFHAhPSKR1o6LRN2yGSCf/Apboxbv1HLvw3doAN4Fmd3O82PfdEklFtfP/XKWxsbm3vFHdLe/sHh0fl45OmFqnCpIEFE6odIU0Y5aRhqGGkLRVBScRIKxrd57w1JkpTwZ/NRJIwQQNOY4qRsaOnbtYrV3zPn8ldN8HCVGoezFTvlX+6fYHThHCDGdK6E/jShBlShmJGpqVuqolEeIQGpNMfU6k5SogOs5dZ2CWeoUTrSRJN3YsEmaFeZfnwP9ZJTXwbZpTL1BCO7YplccpcI9z8SLdPFcGGTaxBWFGbzMVDpBA2toqlX6gWRkgb2/YQrF69bppXXnDtVR+rldrdvBAowhmcwyUEcAM1eIA6NABDDK/wDh8Od96cT+drvlpwFm9OYUnO9x9ToZBG</latexit>

{



p̄
<latexit sha1_base64="bepLJmI9Aj0BF06F00CEslPW8uY=">AAACEHicbVDLSsNAFL3xbX3Vx85NsAguSkl8truiG5cV7APaUiaTmzp0MgkzE6GEfIQu9UfciVv/wP/wA5ymgs8DA4dz7uWeOV7MmdKO82bNzM7NLywuLRdWVtfWN4qbWy0VJZJik0Y8kh2PKORMYFMzzbETSyShx7HtjS4mfvsWpWKRuNbjGPshGQoWMEq0kdo9j8g0zgbFklNxcth/iftJSvUdyNEYFN97fkSTEIWmnCjVdZ1Y91MiNaMcs0IvURgTOiJD7BoqSIiqn+ZxM3vfKL4dRNI8oe1c/b6RklCpceiZyZDoG/Xbm4j/ed1EB9V+ykScaBR0eihIuK0je/J322cSqeZjQwiVzGS16Q2RhGrTUKHnY2BazOOk/lAiiiyVQy9LnbJTOSs7k5rcr3ZqterhaTUnJ+7RV02tw4p7VHGvjkv182lfsAS7sAcH4MIZ1OESGtAECiO4gwd4tO6tJ+vZepmOzlifO9vwA9brB4LNneo=</latexit>

hydrogen-like atoms

exo6c atoms with an6ma:er...

neutral an6protonic atoms

• heavier atoms with one (or more) 
 electron subs$tuted by an$proton

• their proper$es are purely explored

• may server as excellent plaZorm for tes$ng  
 the Standard Model on the intersec$on of 
 electroweak and strong interac$ons
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p
<latexit sha1_base64="r4QQ7ifbXpkF+pqzPJWc2x3O9U4=">AAACCnicbVDLSsNAFL2pr1pf9bFzEyyCCylJq7bdFd24VLAqtEUmk5t26GQSZiZCCfkCXeqPuBO3/oT/4Qc4TQWfBwYO59zLPXO8mDOlHefNKszMzs0vFBdLS8srq2vl9Y1LFSWSYodGPJLXHlHImcCOZprjdSyRhB7HK290MvGvblEqFokLPY6xH5KBYAGjRBvpPL4pV5yqk8P+S9xPUmlvQY6zm/J7z49oEqLQlBOluq4T635KpGaUY1bqJQpjQkdkgF1DBQlR9dM8aGbvGsW3g0iaJ7Sdq983UhIqNQ49MxkSPVS/vYn4n9dNdNDsp0zEiUZBp4eChNs6sie/tn0mkWo+NoRQyUxWmw6JJFSbbko9HwPTXx4n9QcSUWSpHHhZ6uw71ca+k5ma3K92Wq1m7aiZk0O3/lXTZa3q1qvu+UGlfTztC4qwDTuwBy40oA2ncAYdoIBwBw/waN1bT9az9TIdLVifO5vwA9brB24YmyU=</latexit>

e�
<latexit sha1_base64="13hdRO+XqzH+7zSvJV6M8zr9Nf4=">AAACDHicbVDLSsNAFL3xWeurPnZugkVwoSXx2e6KblwqWhXaKpPJTTo4mYSZiVBCPkGX+iPuxK3/4H/4AU5TweeBgcM593LPHC/hTGnHebNGRsfGJyZLU+Xpmdm5+crC4rmKU0mxRWMey0uPKORMYEszzfEykUgij+OFd3M48C9uUSoWizPdT7AbkVCwgFGijXSKV5vXlapTcwrYf4n7SarNZShwfF157/gxTSMUmnKiVNt1Et3NiNSMcszLnVRhQugNCbFtqCARqm5WRM3tNaP4dhBL84S2C/X7RkYipfqRZyYjonvqtzcQ//PaqQ7q3YyJJNUo6PBQkHJbx/bg37bPJFLN+4YQKpnJatMekYRq006542NgGiziZH4oEUWeydDLM2fDqe1vOLmpyf1qp9Gob+3VC7Lrbn/VdL5Vc7dr7slOtXkw7AtKsAKrsA4u7EMTjuAYWkAhhDt4gEfr3nqynq2X4eiI9bmzBD9gvX4AjF2buQ==</latexit>

p
<latexit sha1_base64="r4QQ7ifbXpkF+pqzPJWc2x3O9U4=">AAACCnicbVDLSsNAFL2pr1pf9bFzEyyCCylJq7bdFd24VLAqtEUmk5t26GQSZiZCCfkCXeqPuBO3/oT/4Qc4TQWfBwYO59zLPXO8mDOlHefNKszMzs0vFBdLS8srq2vl9Y1LFSWSYodGPJLXHlHImcCOZprjdSyRhB7HK290MvGvblEqFokLPY6xH5KBYAGjRBvpPL4pV5yqk8P+S9xPUmlvQY6zm/J7z49oEqLQlBOluq4T635KpGaUY1bqJQpjQkdkgF1DBQlR9dM8aGbvGsW3g0iaJ7Sdq983UhIqNQ49MxkSPVS/vYn4n9dNdNDsp0zEiUZBp4eChNs6sie/tn0mkWo+NoRQyUxWmw6JJFSbbko9HwPTXx4n9QcSUWSpHHhZ6uw71ca+k5ma3K92Wq1m7aiZk0O3/lXTZa3q1qvu+UGlfTztC4qwDTuwBy40oA2ncAYdoIBwBw/waN1bT9az9TIdLVifO5vwA9brB24YmyU=</latexit>

p̄
<latexit sha1_base64="bepLJmI9Aj0BF06F00CEslPW8uY=">AAACEHicbVDLSsNAFL3xbX3Vx85NsAguSkl8truiG5cV7APaUiaTmzp0MgkzE6GEfIQu9UfciVv/wP/wA5ymgs8DA4dz7uWeOV7MmdKO82bNzM7NLywuLRdWVtfWN4qbWy0VJZJik0Y8kh2PKORMYFMzzbETSyShx7HtjS4mfvsWpWKRuNbjGPshGQoWMEq0kdo9j8g0zgbFklNxcth/iftJSvUdyNEYFN97fkSTEIWmnCjVdZ1Y91MiNaMcs0IvURgTOiJD7BoqSIiqn+ZxM3vfKL4dRNI8oe1c/b6RklCpceiZyZDoG/Xbm4j/ed1EB9V+ykScaBR0eihIuK0je/J322cSqeZjQwiVzGS16Q2RhGrTUKHnY2BazOOk/lAiiiyVQy9LnbJTOSs7k5rcr3ZqterhaTUnJ+7RV02tw4p7VHGvjkv182lfsAS7sAcH4MIZ1OESGtAECiO4gwd4tO6tJ+vZepmOzlifO9vwA9brB4LNneo=</latexit>

protoniumhydrogen

e�
<latexit sha1_base64="13hdRO+XqzH+7zSvJV6M8zr9Nf4=">AAACDHicbVDLSsNAFL3xWeurPnZugkVwoSXx2e6KblwqWhXaKpPJTTo4mYSZiVBCPkGX+iPuxK3/4H/4AU5TweeBgcM593LPHC/hTGnHebNGRsfGJyZLU+Xpmdm5+crC4rmKU0mxRWMey0uPKORMYEszzfEykUgij+OFd3M48C9uUSoWizPdT7AbkVCwgFGijXSKV5vXlapTcwrYf4n7SarNZShwfF157/gxTSMUmnKiVNt1Et3NiNSMcszLnVRhQugNCbFtqCARqm5WRM3tNaP4dhBL84S2C/X7RkYipfqRZyYjonvqtzcQ//PaqQ7q3YyJJNUo6PBQkHJbx/bg37bPJFLN+4YQKpnJatMekYRq006542NgGiziZH4oEUWeydDLM2fDqe1vOLmpyf1qp9Gob+3VC7Lrbn/VdL5Vc7dr7slOtXkw7AtKsAKrsA4u7EMTjuAYWkAhhDt4gEfr3nqynq2X4eiI9bmzBD9gvX4AjF2buQ==</latexit>

<latexit sha1_base64="ZJd+ciZ0IBNar3dXifJC+ShskS8=">AAAB2HicbZBLS8NAFIVv6qvWV9Wlm2ARBCEkUqrLohuXFe0D21gm09t26GQyzEyKJRTciQs3LvTv+Df8N6aPTVvP6nC/c+GeG0jOtHHdXyuztr6xuZXdzu3s7u0f5A+PajqKFcUqjXikGgHRyJnAqmGGY0MqJGHAsR4Mbie8PkSlWSQezUiiH5KeYF1GiUlHD/h80c4XXMedyl413twUyg5MVWnnf1qdiMYhCkM50brpudL4CVGGUY7jXCvWKAkdkB42O0MmtSAhaj95mV67wBMSaj0Kg7F9FhLT18tsMvyPNWPTvfYTJmRsUNA0krJuzG0T2ZOWdocppIaPUkOoYullNu0TRahJf5FLK3vLBVdN7dLxSk7xvlgo38y6QxZO4BTOwYMrKMMdVKAKFHrwAV/wbT1Zr9ab9T6LZqz5zjEsyPr8Ayrxh28=</latexit>

e+

positronium

e�
<latexit sha1_base64="13hdRO+XqzH+7zSvJV6M8zr9Nf4=">AAACDHicbVDLSsNAFL3xWeurPnZugkVwoSXx2e6KblwqWhXaKpPJTTo4mYSZiVBCPkGX+iPuxK3/4H/4AU5TweeBgcM593LPHC/hTGnHebNGRsfGJyZLU+Xpmdm5+crC4rmKU0mxRWMey0uPKORMYEszzfEykUgij+OFd3M48C9uUSoWizPdT7AbkVCwgFGijXSKV5vXlapTcwrYf4n7SarNZShwfF157/gxTSMUmnKiVNt1Et3NiNSMcszLnVRhQugNCbFtqCARqm5WRM3tNaP4dhBL84S2C/X7RkYipfqRZyYjonvqtzcQ//PaqQ7q3YyJJNUo6PBQkHJbx/bg37bPJFLN+4YQKpnJatMekYRq006542NgGiziZH4oEUWeydDLM2fDqe1vOLmpyf1qp9Gob+3VC7Lrbn/VdL5Vc7dr7slOtXkw7AtKsAKrsA4u7EMTjuAYWkAhhDt4gEfr3nqynq2X4eiI9bmzBD9gvX4AjF2buQ==</latexit>

<latexit sha1_base64="JBdK5jAk/R+wa+QpYcR1NHRFy10=">AAAB3nicbZBLT8JQEIWn+EJ8oS7dNBITV6Q1RF0S3bjERB6GNji9DHDDvW1z7y2RNGzdGRduXOh/8W/4byzgBvCsTuY7k8yZIBZcG8f5sXJr6xubW/ntws7u3v5B8fCooaNEMaqzSESqFaAmwUOqG24EtWJFKANBzWB4O+XNESnNo/DBjGPyJfZD3uMMTTZ69AJUqSeTSadYcsrOTPaqcf9MqVqGmWqd4rfXjVgiKTRMoNZt14mNn6IynAmaFLxEU4xsiH1qd0c81iFK0n76PLt5gacotR7LYGKfSTQDvcymw/9YOzG9az/lYZwYClkWyVgvEbaJ7GlXu8sVMSPGmUGmeHaZzQaokJnsI4WssrtccNU0LsruZblyXylVb+bdIQ8ncArn4MIVVOEOalAHBhLe4RO+rCfrxXq13ubRnPW3cwwLsj5+ATM1ioQ=</latexit>

µ̄

muonium

p̄
<latexit sha1_base64="bepLJmI9Aj0BF06F00CEslPW8uY=">AAACEHicbVDLSsNAFL3xbX3Vx85NsAguSkl8truiG5cV7APaUiaTmzp0MgkzE6GEfIQu9UfciVv/wP/wA5ymgs8DA4dz7uWeOV7MmdKO82bNzM7NLywuLRdWVtfWN4qbWy0VJZJik0Y8kh2PKORMYFMzzbETSyShx7HtjS4mfvsWpWKRuNbjGPshGQoWMEq0kdo9j8g0zgbFklNxcth/iftJSvUdyNEYFN97fkSTEIWmnCjVdZ1Y91MiNaMcs0IvURgTOiJD7BoqSIiqn+ZxM3vfKL4dRNI8oe1c/b6RklCpceiZyZDoG/Xbm4j/ed1EB9V+ykScaBR0eihIuK0je/J322cSqeZjQwiVzGS16Q2RhGrTUKHnY2BazOOk/lAiiiyVQy9LnbJTOSs7k5rcr3ZqterhaTUnJ+7RV02tw4p7VHGvjkv182lfsAS7sAcH4MIZ1OESGtAECiO4gwd4tO6tJ+vZepmOzlifO9vwA9brB4LNneo=</latexit>

<latexit sha1_base64="ZJd+ciZ0IBNar3dXifJC+ShskS8=">AAAB2HicbZBLS8NAFIVv6qvWV9Wlm2ARBCEkUqrLohuXFe0D21gm09t26GQyzEyKJRTciQs3LvTv+Df8N6aPTVvP6nC/c+GeG0jOtHHdXyuztr6xuZXdzu3s7u0f5A+PajqKFcUqjXikGgHRyJnAqmGGY0MqJGHAsR4Mbie8PkSlWSQezUiiH5KeYF1GiUlHD/h80c4XXMedyl413twUyg5MVWnnf1qdiMYhCkM50brpudL4CVGGUY7jXCvWKAkdkB42O0MmtSAhaj95mV67wBMSaj0Kg7F9FhLT18tsMvyPNWPTvfYTJmRsUNA0krJuzG0T2ZOWdocppIaPUkOoYullNu0TRahJf5FLK3vLBVdN7dLxSk7xvlgo38y6QxZO4BTOwYMrKMMdVKAKFHrwAV/wbT1Zr9ab9T6LZqz5zjEsyPr8Ayrxh28=</latexit>

e+

an$hydrogen
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Protons hit 
the iridium rod and 

produce 
ANTIPROTONS of 

energy around  
3.5 GeV

Every minute 
 1013 protons 

hit the rod and produce  
5×107 an6protons 

<latexit sha1_base64="nH5qnajBHuF9SFofTA0Nkd+DPgw=">AAACHXicbVDLSsNAFJ34rPUVdelmsIiCUBIt6rLoxpVUsA9oQrmZTtqhkwczE6WE/Igbf8WNC0VcuBH/xknbRW09MHA451zu3OPFnEllWT/GwuLS8spqYa24vrG5tW3u7DZklAhC6yTikWh5IClnIa0rpjhtxYJC4HHa9AbXud98oEKyKLxXw5i6AfRC5jMCSksdsxLjE5w6BDi+zbAjWK+vQIjoEeeG44FI40yz6dhRxyxZZWsEPE/sCSmhCWod88vpRiQJaKgIBynbthUrNwWhGOE0KzqJpDGQAfRoW9MQAirddHRdhg+10sV+JPQLFR6p0xMpBFIOA08nA1B9Oevl4n9eO1H+pZuyME4UDcl4kZ9wrCKcV4W7TFCi+FATIILpv2LSBwFE6UKLugR79uR50jgt2+fls7tKqXo1qaOA9tEBOkY2ukBVdINqqI4IekIv6A29G8/Gq/FhfI6jC8ZkZg/9gfH9C2Y7n6A=</latexit>

p+N ! p+ p̄+ p+N 0
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delivery of about 5 millions of an6protons every 2 minutes
7/20

Further decelera6on 
down to ~100 keV



atomic precision with an6ma:er
<latexit sha1_base64="sb4RPLjgadWcbpqSD2f717l/QV8=">AAACFnicbZBLS8NAFIVvfNb6qrp0M1gElRKSGmxdCEU3rqSCVaEJYTKd2qGTZJiZFEvof3DpL3GpbsStGxf+G9PHptWzOtzvDHPvCQRnSlvWjzE3v7C4tJxbya+urW9sFra2b1WcSEIbJOaxvA+wopxFtKGZ5vReSIrDgNO7oHsx5Hc9KhWLoxvdF9QL8UPE2oxgnY38wpEbJn7qBlgiMUBnqGxWTstuqepU3NKx47gl+8ApHw5DV36haJnWSOivsSemWDNhpLpf+HZbMUlCGmnCsVJN2xLaS7HUjHA6yLuJogKTLn6gzVaPCRXhkCovfRydNcVTHCrVD4MB2g+x7qhZNhz+x5qJble9lEUi0TQiWSRj7YQjHaNhHajFJCWa9zODiWTZZoh0sMREZ6VN/cJUrGORrZ31YM9e/dfclk37xHSunWLtfFwI5GAX9uAAbKhADS6hDg0g8AQv8AbvxrPxanwYn+PonDF5swNTMr5+AXZNnQ4=</latexit>

µp̄ = 2.792 847 344 1(42)µN
<latexit sha1_base64="gUo92YrYWBXF/SuxhBmZEAMq8bw=">AAACEnicbZBLT8JAFIVv8YX4Ql26aSQaTEjT1gZwYUJ048pgIo+EEjIdBpgwbSedKZE0/AOX/hKX6sa4devCf2MLbADP6uR+ZzL3HoczKqSu/yqptfWNza30dmZnd2//IHt4VBd+GGBSwz7zg6aDBGHUIzVJJSNNHhDkOow0nOFtwhsjEgjqe49yzEnbRX2P9ihGMh51sue2G3YiPlGvVVMrXZl2oWyV7MKlZdmFopkvmxdJ4L6TzemaPpW6aoy5yVU0mKrayf7YXR+HLvEkZkiIlqFz2Y5QIClmZJKxQ0E4wkPUJ63uiHLhIZeIdvQ0PWmBR8gVYuw6E/XMRXIgllky/I+1QtkrtyPq8VASD8eRmPVCpkpfTapQuzQgWLJxbBAOaLyZigcoQFjGhS38QoUvfR6vHfdgLF+9auqmZhQ168HKVW5mhUAaTuAU8mBACSpwB1WoAYZneIV3+FBelDflU/maRVPK/M0xLEj5/gNq05tw</latexit>

µp = 2.792 847 344 62(82)µN
BASE Coll.: Nature 550, 371 (2017)

<latexit sha1_base64="yMfx+KLKgwDxUQodW2Q1olkR/DQ="></latexit>

(q/m)p̄
(q/m)p

� 1 = 1(69)⇥ 10�12
BASE Coll.: Nature 524, 196 (2015)
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atomic precision with an6ma:er

1S ↔ 2S (magnetic field ~1T) 
antihydrogen: 2 466 061 103 079.4(5.4)kHz 
    hydrogen: 2 466 061 103 080.3(0.6)kHz

Alpha Coll.: Nature 557, 71 (2018)

Alpha Coll.: Nature 578, 375 (2020)

<latexit sha1_base64="sb4RPLjgadWcbpqSD2f717l/QV8=">AAACFnicbZBLS8NAFIVvfNb6qrp0M1gElRKSGmxdCEU3rqSCVaEJYTKd2qGTZJiZFEvof3DpL3GpbsStGxf+G9PHptWzOtzvDHPvCQRnSlvWjzE3v7C4tJxbya+urW9sFra2b1WcSEIbJOaxvA+wopxFtKGZ5vReSIrDgNO7oHsx5Hc9KhWLoxvdF9QL8UPE2oxgnY38wpEbJn7qBlgiMUBnqGxWTstuqepU3NKx47gl+8ApHw5DV36haJnWSOivsSemWDNhpLpf+HZbMUlCGmnCsVJN2xLaS7HUjHA6yLuJogKTLn6gzVaPCRXhkCovfRydNcVTHCrVD4MB2g+x7qhZNhz+x5qJble9lEUi0TQiWSRj7YQjHaNhHajFJCWa9zODiWTZZoh0sMREZ6VN/cJUrGORrZ31YM9e/dfclk37xHSunWLtfFwI5GAX9uAAbKhADS6hDg0g8AQv8AbvxrPxanwYn+PonDF5swNTMr5+AXZNnQ4=</latexit>

µp̄ = 2.792 847 344 1(42)µN
<latexit sha1_base64="gUo92YrYWBXF/SuxhBmZEAMq8bw=">AAACEnicbZBLT8JAFIVv8YX4Ql26aSQaTEjT1gZwYUJ048pgIo+EEjIdBpgwbSedKZE0/AOX/hKX6sa4devCf2MLbADP6uR+ZzL3HoczKqSu/yqptfWNza30dmZnd2//IHt4VBd+GGBSwz7zg6aDBGHUIzVJJSNNHhDkOow0nOFtwhsjEgjqe49yzEnbRX2P9ihGMh51sue2G3YiPlGvVVMrXZl2oWyV7MKlZdmFopkvmxdJ4L6TzemaPpW6aoy5yVU0mKrayf7YXR+HLvEkZkiIlqFz2Y5QIClmZJKxQ0E4wkPUJ63uiHLhIZeIdvQ0PWmBR8gVYuw6E/XMRXIgllky/I+1QtkrtyPq8VASD8eRmPVCpkpfTapQuzQgWLJxbBAOaLyZigcoQFjGhS38QoUvfR6vHfdgLF+9auqmZhQ168HKVW5mhUAaTuAU8mBACSpwB1WoAYZneIV3+FBelDflU/maRVPK/M0xLEj5/gNq05tw</latexit>

µp = 2.792 847 344 62(82)µN
BASE Coll.: Nature 550, 371 (2017)

<latexit sha1_base64="yMfx+KLKgwDxUQodW2Q1olkR/DQ="></latexit>

(q/m)p̄
(q/m)p

� 1 = 1(69)⇥ 10�12
BASE Coll.: Nature 524, 196 (2015)

Odpowiedź możliwa do udzielenia 
TYLKO JEŚLI 

wykonamy eksperymenty z 
odpowiednio dużą precyzją

hydrogen an$hydrogen

8/20

https://www.nature.com/


An6hydrogen Experiment 
Gravity, Interferometry, Spectroscopy

9/20

AEgIS Collabora)on Mee)ng, Warsaw, 2023



Free fall of material objects 
IS COMPLETELY INDEPENDENT 

from their mass and internal structure

... the main goal

Weak Equivalence Principle

Experimentally verified for material objects 
on all possible scales

10/20



AEgIS experiment

 AEgIS Coll.: Comm. Phys. 4, 19 (2021) 10/20



an6hydrogen free-fall experiment

 AEgIS Coll.: Nature Comm. 5, 4538 (2014) 

<latexit sha1_base64="9GM9TRgEsaY9ThpzR7gdrM2rC5s=">AAACJ3icbVDLSsNAFJ3UV62vqEs3g0UQxZKoqCspuumygn1Ak5bJdNIOnTyYmSgl5G/c+CtuBBXRpX/ipImgrQcGDuecy9x7nJBRIQ3jUyvMzS8sLhWXSyura+sb+uZWUwQRx6SBAxbwtoMEYdQnDUklI+2QE+Q5jLSc0XXqt+4IFzTwb+U4JLaHBj51KUZSST390vKQHHIvroukewAPoeUgHocJtDgdDCXiPLjPtJ9gLcmCpBsfJT29bFSMCeAsMXNSBjnqPf3F6gc48ogvMUNCdEwjlHaMuKSYkaRkRYKECI/QgHQU9ZFHhB1P7kzgnlL60A24er6EE/X3RIw8Icaeo5LpsmLaS8X/vE4k3Qs7pn4YSeLj7CM3YlAGMC0N9iknWLKxIghzqnaFeIg4wlJVW1IlmNMnz5LmccU8q5zcnJarV3kdRbADdsE+MME5qIIaqIMGwOABPIFX8KY9as/au/aRRQtaPrMN/kD7+gYl1qYZ</latexit>

Ps
⇤
+ p̄ ! H̄

⇤
+ e�
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I� + p̄ ! p̄I⇤ + e� + e�
<latexit sha1_base64="czNeEYtb3AY52rBDtZOxZvQMjMc="></latexit>

Cs� + p̄ ! p̄Cs⇤ + e� + e�
<latexit sha1_base64="LIyZm4h4geYisIPAeB0ZLo3myl8="></latexit>

towards an6protonic atoms

AEgIS setup can be "quite easily" upgraded for this purposes

<latexit sha1_base64="9GM9TRgEsaY9ThpzR7gdrM2rC5s=">AAACJ3icbVDLSsNAFJ3UV62vqEs3g0UQxZKoqCspuumygn1Ak5bJdNIOnTyYmSgl5G/c+CtuBBXRpX/ipImgrQcGDuecy9x7nJBRIQ3jUyvMzS8sLhWXSyura+sb+uZWUwQRx6SBAxbwtoMEYdQnDUklI+2QE+Q5jLSc0XXqt+4IFzTwb+U4JLaHBj51KUZSST390vKQHHIvroukewAPoeUgHocJtDgdDCXiPLjPtJ9gLcmCpBsfJT29bFSMCeAsMXNSBjnqPf3F6gc48ogvMUNCdEwjlHaMuKSYkaRkRYKECI/QgHQU9ZFHhB1P7kzgnlL60A24er6EE/X3RIw8Icaeo5LpsmLaS8X/vE4k3Qs7pn4YSeLj7CM3YlAGMC0N9iknWLKxIghzqnaFeIg4wlJVW1IlmNMnz5LmccU8q5zcnJarV3kdRbADdsE+MME5qIIaqIMGwOABPIFX8KY9as/au/aRRQtaPrMN/kD7+gYl1qYZ</latexit>

Ps
⇤
+ p̄ ! H̄

⇤
+ e�
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np̄ ⇠
r

mp̄

me
ne ⇠ 40ne

<latexit sha1_base64="PgmiUgofVitx/HKwGMOzkwJcCjI="></latexit>

the simplest scenario
1) an$proton subs$tutes the inner-most electron  (the largest probability) 
 and enters an almost circular orbit

<latexit sha1_base64="jP57Ry6VvPMrphDMY82yprvq0OA=">AAAB83icbZC7TsMwFIZPuJZyCzDCYFEhsRAlqALGChbGItGL1ESR47qtVcexbKdqFXXhNdgQAwsDPAGvwduQXpa2/NOv850jnf+PJGfauO6vtba+sbm1Xdgp7u7tHxzaR8d1naSK0BpJeKKaEdaUM0FrhhlOm1JRHEecNqL+w4Q3BlRplohnM5I0iHFXsA4j2OSj0D7zKefIx1KqZIhEmPkRVpkcj9EV8kK75DruVGjVeHNTqjgwVTW0f/x2QtKYCkM41rrludIEGVaGEU7HRT/VVGLSx13aag+Y1ALHVAfZcBpkgWc41noUR2N0EWPT08tsMvyPtVLTuQsyJmRqqCD5Ss46KUcmQZMCUJspSgwf5QYTxfLPEOlhhYnJayrmkb3lgKumfu14N075qVyq3M+yQwFO4RwuwYNbqMAjVKEGBF7gA77g20qtV+vNep+trlnzmxNYkPX5Bycjkdc=</latexit>

` ⇡ np̄ � 1

<latexit sha1_base64="KKZYyBkRnYonxFEuvMOxh3oGMsY=">AAACB3icbZDLSsNAGIX/1Futt6hLN8EiuAqJFHVZlILLCvYCTSmT6aQdOpOEmUmxhDyAL+BruBMXLnSh7+DbOGkL0tazmTPn+wfm/H7MqFSO82MU1tY3NreK26Wd3b39A/PwqCmjRGDSwBGLRNtHkjAakoaiipF2LAjiPiMtf3Sb89aYCEmj8EFNYtLlaBDSgGKkdNQznVov9Xwk0jjLLE9SbnmBQDjlf3GWX4jGtfzomWXHdqayVo07N+WqDVPVe+aH149wwkmoMENSdlwnVt0UCUUxI1nJSySJER6hAen0xzSWIeJEdtPHabkFniIu5YT7mXXGkRrKZZaH/7FOooLrbkrDOFEkxHpEsyBhloqsfClWnwqCFZtog7Cg+mcWHiK9B6VXV9KV3eWCq6Z5YbuXduW+Uq7ezLpDEU7gFM7BhSuowh3UoQEYnuEdvuDbeDJejFfjbTZaMOZvjmFBxucvnUKb3Q==</latexit>

Ep̄ ⇠ mp̄

me
Ee

<latexit sha1_base64="jrBnkquBnoSTZyNdywusUlqaWSs=">AAACCHicbZDLTsJAFIZPvSLeqi7dNBITF6RpEdEl0Y1LTOSSUEKmwwATZtpmZoqShhfwBXwNd8aFiXGhz+DbOAUSA/iv/nO+c5LzHz9iVCrH+TFWVtfWNzYzW9ntnd29ffPgsCbDWGBSxSELRcNHkjAakKqiipFGJAjiPiN1f3CT8vqQCEnD4F6NItLiqBfQLsVI6VbbdN1zu+TlPY5UX/CE1Ma6ELTXV0iI8MHLW4WLPzzQvG3mHNuZyFo27szkyjZMVGmbH14nxDEngcIMSdl0nUi1EiQUxYyMs14sSYTwAPVIszOkkQwQJ7KVPE7SzfEEcSlH3B9bp+lFcpGlzf9YM1bdq1ZCgyhWJMB6RLNuzCwVWulXrA4VBCs20gZhQfVlFu4jgbDSv8vqyO5iwGVTK9huyS7eFXPl62l2yMAxnMAZuHAJZbiFClQBwzO8wxd8G0/Gi/FqvE1HV4zZzhHMyfj8BRowmi0=</latexit>

13.6 eV ! 25 keV
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np̄ ⇠
r

mp̄

me
ne ⇠ 40ne

<latexit sha1_base64="PgmiUgofVitx/HKwGMOzkwJcCjI="></latexit>

the simplest scenario
1) an$proton subs$tutes the inner-most electron  (the largest probability) 
 and enters an almost circular orbit

<latexit sha1_base64="jP57Ry6VvPMrphDMY82yprvq0OA=">AAAB83icbZC7TsMwFIZPuJZyCzDCYFEhsRAlqALGChbGItGL1ESR47qtVcexbKdqFXXhNdgQAwsDPAGvwduQXpa2/NOv850jnf+PJGfauO6vtba+sbm1Xdgp7u7tHxzaR8d1naSK0BpJeKKaEdaUM0FrhhlOm1JRHEecNqL+w4Q3BlRplohnM5I0iHFXsA4j2OSj0D7zKefIx1KqZIhEmPkRVpkcj9EV8kK75DruVGjVeHNTqjgwVTW0f/x2QtKYCkM41rrludIEGVaGEU7HRT/VVGLSx13aag+Y1ALHVAfZcBpkgWc41noUR2N0EWPT08tsMvyPtVLTuQsyJmRqqCD5Ss46KUcmQZMCUJspSgwf5QYTxfLPEOlhhYnJayrmkb3lgKumfu14N075qVyq3M+yQwFO4RwuwYNbqMAjVKEGBF7gA77g20qtV+vNep+trlnzmxNYkPX5Bycjkdc=</latexit>

` ⇡ np̄ � 1

2) undergoes slow, spontaneous deexcita$on and emits X-ray photons

<latexit sha1_base64="KKZYyBkRnYonxFEuvMOxh3oGMsY=">AAACB3icbZDLSsNAGIX/1Futt6hLN8EiuAqJFHVZlILLCvYCTSmT6aQdOpOEmUmxhDyAL+BruBMXLnSh7+DbOGkL0tazmTPn+wfm/H7MqFSO82MU1tY3NreK26Wd3b39A/PwqCmjRGDSwBGLRNtHkjAakoaiipF2LAjiPiMtf3Sb89aYCEmj8EFNYtLlaBDSgGKkdNQznVov9Xwk0jjLLE9SbnmBQDjlf3GWX4jGtfzomWXHdqayVo07N+WqDVPVe+aH149wwkmoMENSdlwnVt0UCUUxI1nJSySJER6hAen0xzSWIeJEdtPHabkFniIu5YT7mXXGkRrKZZaH/7FOooLrbkrDOFEkxHpEsyBhloqsfClWnwqCFZtog7Cg+mcWHiK9B6VXV9KV3eWCq6Z5YbuXduW+Uq7ezLpDEU7gFM7BhSuowh3UoQEYnuEdvuDbeDJejFfjbTZaMOZvjmFBxucvnUKb3Q==</latexit>

Ep̄ ⇠ mp̄

me
Ee

<latexit sha1_base64="jrBnkquBnoSTZyNdywusUlqaWSs=">AAACCHicbZDLTsJAFIZPvSLeqi7dNBITF6RpEdEl0Y1LTOSSUEKmwwATZtpmZoqShhfwBXwNd8aFiXGhz+DbOAUSA/iv/nO+c5LzHz9iVCrH+TFWVtfWNzYzW9ntnd29ffPgsCbDWGBSxSELRcNHkjAakKqiipFGJAjiPiN1f3CT8vqQCEnD4F6NItLiqBfQLsVI6VbbdN1zu+TlPY5UX/CE1Ma6ELTXV0iI8MHLW4WLPzzQvG3mHNuZyFo27szkyjZMVGmbH14nxDEngcIMSdl0nUi1EiQUxYyMs14sSYTwAPVIszOkkQwQJ7KVPE7SzfEEcSlH3B9bp+lFcpGlzf9YM1bdq1ZCgyhWJMB6RLNuzCwVWulXrA4VBCs20gZhQfVlFu4jgbDSv8vqyO5iwGVTK9huyS7eFXPl62l2yMAxnMAZuHAJZbiFClQBwzO8wxd8G0/Gi/FqvE1HV4zZzhHMyfj8BRowmi0=</latexit>

13.6 eV ! 25 keV

3) at the final stage, the an$proton is very close to the nucleus surface; 
  its electronic transi$ons are substan$ally affected by strong interac$ons

4) annihila$on with surface nucleon (proton or neutron); 
  open possibility for measuring differences between distribu$ons
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p-Xe−

the simplest scenario

14/20
experimental data from: L. M. Simons, Proceedings 2nd LEAR Workshop on Physics with Low energy 
Cooled An$protons, Erice 1982, edited by U. Gastaldi and R. Klapisch (New York: Plenum), p. 155

Perfect agreement with hydrogen-like Rydberg model



quadrupole coupling...

15/20

⇠ hn, `|HQ|n� 2, `� 2i
<latexit sha1_base64="Va/7ACPhA6yIBjYt+U6I6diuLAY="></latexit>

quadrupole couplingquadrupole charge 
distribu6on

<latexit sha1_base64="KM3Kmnz4WQ0W/XjWK+ov4433qa8="></latexit>

Qµ =

r
16⇡

5

Z
d3R ⇢(R)R2Yµ

2 (⇥)

<latexit sha1_base64="C1B+BF9iMB0L2JErUil41/smDoY=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJBIUY9FLx4r2A9IQ9lsN+3SzW7Y3Qgl9md48aCIV3+NN/+N27QHbX0w8Hhvhpl5UcqZNp737aysrq1vbJa2yts7u3v7lYPDlpaZIrRJJJeqE2FNORO0aZjhtJMqipOI03Y0up367UeqNJPiwYxTGiZ4IFjMCDZWCp7EOe8qLAac9ipVz/UKoGXiz0m17kKBRq/y1e1LkiVUGMKx1oHvpSbMsTKMcDopdzNNU0xGeEADSwVOqA7z4uQJOrVKH8VS2RIGFerviRwnWo+TyHYm2Az1ojcV//OCzMTXYc5EmhkqyGxRnHFkJJr+j/pMUWL42BJMFLO3IjLEChNjUyrbEPzFl5dJ68L1L93afa1av5mlASU4hhM4Ax+uoA530IAmEJDwDK/w5hjnxXl3PmatK8585gj+wPn8AeOrkbY=</latexit>

|n, li

<latexit sha1_base64="GH88vbllLyhXYojsAcsL4Asx7Lk=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBgw2JFPVY9OKxgv2ANpTNdtMu3WzC7kaosb/EiwdFvPpTvPlv3KY9aOuDgcd7M8zMCxLOlHbdb2tldW19Y7OwVdze2d0r2fsHTRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo5up33qgUrFY3OtxQv0IDwQLGcHaSD279CQq3hmveF2JxYDTnl12HTcHWibenJRrDuSo9+yvbj8maUSFJhwr1fHcRPsZlpoRTifFbqpogskID2jHUIEjqvwsP3yCTozSR2EsTQmNcvX3RIYjpcZRYDojrIdq0ZuK/3mdVIdXfsZEkmoqyGxRmHKkYzRNAfWZpETzsSGYSGZuRWSIJSbaZFU0IXiLLy+T5rnjXTjVu2q5dj1LAwpwBMdwCh5cQg1uoQ4NIJDCM7zCm/VovVjv1sesdcWazxzCH1ifPxg3kss=</latexit>

|n� 1, l � 1i

<latexit sha1_base64="WmfNAgofKKdpBufO8pn0wAyxilc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHmxJSlGPRS8eK9gPaEPZbDft0s0m7G6EGvtLvHhQxKs/xZv/xm3ag7Y+GHi8N8PMPD/mTGnH+bZya+sbm1v57cLO7t5+0T44bKkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH9/M/PYDlYpF4l5PYuqFeChYwAjWRurbxSdRrp7zcrUnsRhy2rdLTsXJgFaJuyClegUyNPr2V28QkSSkQhOOleq6Tqy9FEvNCKfTQi9RNMZkjIe0a6jAIVVemh0+RadGGaAgkqaERpn6eyLFoVKT0DedIdYjtezNxP+8bqKDKy9lIk40FWS+KEg40hGapYAGTFKi+cQQTCQztyIywhITbbIqmBDc5ZdXSatacS8qtbtaqX49TwPycAwncAYuXEIdbqEBTSCQwDO8wpv1aL1Y79bHvDVnLWaO4A+szx8bUZLN</latexit>

|n� 2, l � 2i

<latexit sha1_base64="BkwFmG5InIHW4vuVlu0On7WCeRw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GNRBI8V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jNu1BWx8MPN6bYWZemAqujed9O4WV1bX1jeJmaWt7Z3evvH/Q0EmmGNZZIhLVCqlGwSXWDTcCW6lCGocCm+HwZuo3n1BpnshHM0oxiGlf8ogzaqz0cNuV3XLFc70cZJn4c1KpupCj1i1/dXoJy2KUhgmqddv3UhOMqTKcCZyUOpnGlLIh7WPbUklj1ME4P3VCTqzSI1GibElDcvX3xJjGWo/i0HbG1Az0ojcV//PamYmugjGXaWZQstmiKBPEJGT6N+lxhcyIkSWUKW5vJWxAFWXGplOyIfiLLy+TxpnrX7jn9+eV6vUsDSjCERzDKfhwCVW4gxrUgUEfnuEV3hzhvDjvzsesteDMZw7hD5zPH7K6jiE=</latexit>

En

<latexit sha1_base64="sh2gQ8e6l1DR/Dn1OBj7v72+e80=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GNRBI8V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNu1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FipddfL5Lk36ZXKbsXNQZaJNyflWgVy1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1n+bkTcmqVPgljZUsakqu/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZLNFYSqIicn0d9LnCpkRY0soU9zeStiQKsqMTahoQ/AWX14mzYuKd1mpPlTLtZtZGlCAYziBM/DgCmpwD3VoAIMRPMMrvDmJ8+K8Ox+z1hVnPnMEf+B8/gBTPI+f</latexit>

En�1

<latexit sha1_base64="bbwTrZJ3Xc4gY7NNSQXmzA56ZHQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi8tuKeqxKILHCvYD2qVk02wbms2GJCuUpT/CiwdFvPp7vPlvTLc9aOuDgcd7M8zMCyVn2njet1NYW9/Y3Cpul3Z29/YPyodHLZ2kitAmSXiiOiHWlDNBm4YZTjtSURyHnLbD8e3Mbz9RpVkiHs1E0iDGQ8EiRrCxUvuun4mL6rRfrniulwOtEn9BKnUXcjT65a/eICFpTIUhHGvd9T1pggwrwwin01Iv1VRiMsZD2rVU4JjqIMvPnaIzqwxQlChbwqBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMSFTQwWZL4pSjkyCZr+jAVOUGD6xBBPF7K2IjLDCxNiESjYEf/nlVdKquv6lW3uoVeo38zSgCCdwCufgwxXU4R4a0AQCY3iGV3hzpPPivDsf89aCs5g5hj9wPn8AVMGPoA==</latexit>

En�2

an6proton

<latexit sha1_base64="nr+lX9uohR93DIYOeh9gnQmOZks=">AAAB+3icbZBLT8JAFIVvfSI+qLp0M5GYuGpaQtSNCVEXLjGRR0IbMh0uMGHamXSmREL4JS7VjXHrT3Hhv7E8NoBndXK/O5lzT6gE18Z1f62Nza3tnd3cXn7/4PCoYB+f1LVME4Y1JoVMmiHVKHiMNcONwKZKkEahwEY4uJ/yxhATzWX8bEYKg4j2Yt7ljJps1LYL/gMKQ4mPQpBbUmrbRddxZyLrxluYYsWBmapt+8fvSJZGGBsmqNYtz1UmGNPEcCZwkvdTjYqyAe1hqzPkSsc0Qh2MX2bZl/iYRlqPonBCLiJq+nqVTYf/sVZqujfBmMcqNRizbCVj3VQQI8n0ZtLhCTIjRpmhLOFZMsL6NKHMZM0s/cK1NFJlsbMevNWr10295HhXTvmpXKzczQuBHJzBOVyCB9dQgUeoQg0YpPAK7/BhTaw369P6mq9uWIs3p7Ak6/sPrhaU0A==</latexit>

�` = 2



quadrupole resonance...

<latexit sha1_base64="C1B+BF9iMB0L2JErUil41/smDoY=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJBIUY9FLx4r2A9IQ9lsN+3SzW7Y3Qgl9md48aCIV3+NN/+N27QHbX0w8Hhvhpl5UcqZNp737aysrq1vbJa2yts7u3v7lYPDlpaZIrRJJJeqE2FNORO0aZjhtJMqipOI03Y0up367UeqNJPiwYxTGiZ4IFjMCDZWCp7EOe8qLAac9ipVz/UKoGXiz0m17kKBRq/y1e1LkiVUGMKx1oHvpSbMsTKMcDopdzNNU0xGeEADSwVOqA7z4uQJOrVKH8VS2RIGFerviRwnWo+TyHYm2Az1ojcV//OCzMTXYc5EmhkqyGxRnHFkJJr+j/pMUWL42BJMFLO3IjLEChNjUyrbEPzFl5dJ68L1L93afa1av5mlASU4hhM4Ax+uoA530IAmEJDwDK/w5hjnxXl3PmatK8585gj+wPn8AeOrkbY=</latexit>

|n, li

<latexit sha1_base64="GH88vbllLyhXYojsAcsL4Asx7Lk=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBgw2JFPVY9OKxgv2ANpTNdtMu3WzC7kaosb/EiwdFvPpTvPlv3KY9aOuDgcd7M8zMCxLOlHbdb2tldW19Y7OwVdze2d0r2fsHTRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo5up33qgUrFY3OtxQv0IDwQLGcHaSD279CQq3hmveF2JxYDTnl12HTcHWibenJRrDuSo9+yvbj8maUSFJhwr1fHcRPsZlpoRTifFbqpogskID2jHUIEjqvwsP3yCTozSR2EsTQmNcvX3RIYjpcZRYDojrIdq0ZuK/3mdVIdXfsZEkmoqyGxRmHKkYzRNAfWZpETzsSGYSGZuRWSIJSbaZFU0IXiLLy+T5rnjXTjVu2q5dj1LAwpwBMdwCh5cQg1uoQ4NIJDCM7zCm/VovVjv1sesdcWazxzCH1ifPxg3kss=</latexit>

|n� 1, l � 1i

<latexit sha1_base64="WmfNAgofKKdpBufO8pn0wAyxilc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHmxJSlGPRS8eK9gPaEPZbDft0s0m7G6EGvtLvHhQxKs/xZv/xm3ag7Y+GHi8N8PMPD/mTGnH+bZya+sbm1v57cLO7t5+0T44bKkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH9/M/PYDlYpF4l5PYuqFeChYwAjWRurbxSdRrp7zcrUnsRhy2rdLTsXJgFaJuyClegUyNPr2V28QkSSkQhOOleq6Tqy9FEvNCKfTQi9RNMZkjIe0a6jAIVVemh0+RadGGaAgkqaERpn6eyLFoVKT0DedIdYjtezNxP+8bqKDKy9lIk40FWS+KEg40hGapYAGTFKi+cQQTCQztyIywhITbbIqmBDc5ZdXSatacS8qtbtaqX49TwPycAwncAYuXEIdbqEBTSCQwDO8wpv1aL1Y79bHvDVnLWaO4A+szx8bUZLN</latexit>

|n� 2, l � 2i

<latexit sha1_base64="BkwFmG5InIHW4vuVlu0On7WCeRw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GNRBI8V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jNu1BWx8MPN6bYWZemAqujed9O4WV1bX1jeJmaWt7Z3evvH/Q0EmmGNZZIhLVCqlGwSXWDTcCW6lCGocCm+HwZuo3n1BpnshHM0oxiGlf8ogzaqz0cNuV3XLFc70cZJn4c1KpupCj1i1/dXoJy2KUhgmqddv3UhOMqTKcCZyUOpnGlLIh7WPbUklj1ME4P3VCTqzSI1GibElDcvX3xJjGWo/i0HbG1Az0ojcV//PamYmugjGXaWZQstmiKBPEJGT6N+lxhcyIkSWUKW5vJWxAFWXGplOyIfiLLy+TxpnrX7jn9+eV6vUsDSjCERzDKfhwCVW4gxrUgUEfnuEV3hzhvDjvzsesteDMZw7hD5zPH7K6jiE=</latexit>

En

<latexit sha1_base64="sh2gQ8e6l1DR/Dn1OBj7v72+e80=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GNRBI8V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNu1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FipddfL5Lk36ZXKbsXNQZaJNyflWgVy1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1n+bkTcmqVPgljZUsakqu/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZLNFYSqIicn0d9LnCpkRY0soU9zeStiQKsqMTahoQ/AWX14mzYuKd1mpPlTLtZtZGlCAYziBM/DgCmpwD3VoAIMRPMMrvDmJ8+K8Ox+z1hVnPnMEf+B8/gBTPI+f</latexit>

En�1

<latexit sha1_base64="bbwTrZJ3Xc4gY7NNSQXmzA56ZHQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi8tuKeqxKILHCvYD2qVk02wbms2GJCuUpT/CiwdFvPp7vPlvTLc9aOuDgcd7M8zMCyVn2njet1NYW9/Y3Cpul3Z29/YPyodHLZ2kitAmSXiiOiHWlDNBm4YZTjtSURyHnLbD8e3Mbz9RpVkiHs1E0iDGQ8EiRrCxUvuun4mL6rRfrniulwOtEn9BKnUXcjT65a/eICFpTIUhHGvd9T1pggwrwwin01Iv1VRiMsZD2rVU4JjqIMvPnaIzqwxQlChbwqBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMSFTQwWZL4pSjkyCZr+jAVOUGD6xBBPF7K2IjLDCxNiESjYEf/nlVdKquv6lW3uoVeo38zSgCCdwCufgwxXU4R4a0AQCY3iGV3hzpPPivDsf89aCs5g5hj9wPn8AVMGPoA==</latexit>

En�2

an6proton

16/20

<latexit sha1_base64="nr+lX9uohR93DIYOeh9gnQmOZks=">AAAB+3icbZBLT8JAFIVvfSI+qLp0M5GYuGpaQtSNCVEXLjGRR0IbMh0uMGHamXSmREL4JS7VjXHrT3Hhv7E8NoBndXK/O5lzT6gE18Z1f62Nza3tnd3cXn7/4PCoYB+f1LVME4Y1JoVMmiHVKHiMNcONwKZKkEahwEY4uJ/yxhATzWX8bEYKg4j2Yt7ljJps1LYL/gMKQ4mPQpBbUmrbRddxZyLrxluYYsWBmapt+8fvSJZGGBsmqNYtz1UmGNPEcCZwkvdTjYqyAe1hqzPkSsc0Qh2MX2bZl/iYRlqPonBCLiJq+nqVTYf/sVZqujfBmMcqNRizbCVj3VQQI8n0ZtLhCTIjRpmhLOFZMsL6NKHMZM0s/cK1NFJlsbMevNWr10295HhXTvmpXKzczQuBHJzBOVyCB9dQgUeoQg0YpPAK7/BhTaw369P6mq9uWIs3p7Ak6/sPrhaU0A==</latexit>

�` = 2

<latexit sha1_base64="hbuuN8eUIdyTwvOrNjH+PwiM08Q=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRZBEJZdKeqx6MVjRfsB7VqyabYNTbJLkhXK0p/gxYMiXv1F3vw3ptsetPXBwOO9GWbmhQln2njet1NYWV1b3yhulra2d3b3yvsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0c3Ubz1RpVksH8w4oYHAA8kiRrCx0r33eNYrVzzXy4GWiT8nlZoLOeq98le3H5NUUGkIx1p3fC8xQYaVYYTTSambappgMsID2rFUYkF1kOWnTtCJVfooipUtaVCu/p7IsNB6LELbKbAZ6kVvKv7ndVITXQUZk0lqqCSzRVHKkYnR9G/UZ4oSw8eWYKKYvRWRIVaYGJtOyYbgL768TJrnrn/hVu+qldr1LA0owhEcwyn4cAk1uIU6NIDAAJ7hFd4c7rw4787HrLXgzGcO4Q+czx8rq43I</latexit>

0+

<latexit sha1_base64="XiJDHjBMNOC1vVhMi9amPH7qJz8=">AAAB6nicbVBNSwMxEJ34WetX1aOXYBEEYdktRT0WvXisaD+gXUs2zbah2eySZIWy9Cd48aCIV3+RN/+N6bYHbX0w8Hhvhpl5QSK4Nq77jVZW19Y3Ngtbxe2d3b390sFhU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6Gbqt56Y0jyWD2acMD8iA8lDTomx0n3l8bxXKruOmwMvE29OyjUHctR7pa9uP6ZpxKShgmjd8dzE+BlRhlPBJsVuqllC6IgMWMdSSSKm/Sw/dYJPrdLHYaxsSYNz9fdERiKtx1FgOyNihnrRm4r/eZ3UhFd+xmWSGibpbFGYCmxiPP0b97li1IixJYQqbm/FdEgUocamU7QheIsvL5NmxfEunOpdtVy7nqUBBTiGEzgDDy6hBrdQhwZQGMAzvMIbEugFvaOPWesKms8cwR+gzx8ut43K</latexit>

2+

<latexit sha1_base64="0cBuxhmD4bbaPYFXGUqm0Y/aIuA=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4GmYkqMfgAh4jmAWSIfR0apImPYvdPUIY8hNePCji1d/x5t/YmeSgiQ8KHu9VUVXPTwRX2nG+rcLK6tr6RnGztLW9s7tX3j9oqjiVDBssFrFs+1Sh4BE2NNcC24lEGvoCW/7oeuq3nlAqHkcPepygF9JBxAPOqDZSu3uDQlNy2ytXHNvJQZaJOyeVmg056r3yV7cfszTESDNBleq4TqK9jErNmcBJqZsqTCgb0QF2DI1oiMrL8nsn5MQofRLE0lSkSa7+nshoqNQ49E1nSPVQLXpT8T+vk+rg0st4lKQaIzZbFKSC6JhMnyd9LpFpMTaEMsnNrYQNqaRMm4hKJgR38eVl0jyz3XO7el+t1K5maUARjuAYTsGFC6jBHdShAQwEPMMrvFmP1ov1bn3MWgvWfOYQ/sD6/AHggY/s</latexit>

�E

nucleus

... energy gained by an6proton deexcita6on is 
close to the excita6on energy of nucleus ...

<latexit sha1_base64="yHss9X4ljvJ3v7utrVLoAQitHU4="></latexit>

HQ = �

r
⇡

5
ZQ0Y

0
2(⇥) r�3 Y0

2(n)

huge deexcita6on energy of the an6proton 
☟ 

RESONANCE POSSIBLE
M. Leon: Nucl. Phys. A260, 461 (1976)



B. Kłos et al.:Phys. Rev. C 69, 044311 (2004) 

hn, `; G|HQ|n� 2, `� 2, Ei
<latexit sha1_base64="wkI7+typXOx8GYGdLecx9F/cAD0="></latexit>

quadrupole resonance...

17/20



p

nucleus antiproton

Ru101

n = 8, ! = 7

n = 7, ! = 6

n = 6, ! = 5

n = 5, ! = 4

n = 4, ! = 3

229 keV

353 keV

585 keV

1078 keV

939 keV

+7/2

+5/2

what about odd-A nuclei?
from purely energe6c arguments the list of 

possible candidates is NOT EMPTY ...

Almost perfect matching:

<latexit sha1_base64="xy/pKrbu6FPBOAd4fsDmdc1SwSI="></latexit>

�Enucl = 938.65 keV

E7 � E5 = 939.40 keV
18/20



is it possible for odd-A nuclei?

<latexit sha1_base64="C1B+BF9iMB0L2JErUil41/smDoY=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJBIUY9FLx4r2A9IQ9lsN+3SzW7Y3Qgl9md48aCIV3+NN/+N27QHbX0w8Hhvhpl5UcqZNp737aysrq1vbJa2yts7u3v7lYPDlpaZIrRJJJeqE2FNORO0aZjhtJMqipOI03Y0up367UeqNJPiwYxTGiZ4IFjMCDZWCp7EOe8qLAac9ipVz/UKoGXiz0m17kKBRq/y1e1LkiVUGMKx1oHvpSbMsTKMcDopdzNNU0xGeEADSwVOqA7z4uQJOrVKH8VS2RIGFerviRwnWo+TyHYm2Az1ojcV//OCzMTXYc5EmhkqyGxRnHFkJJr+j/pMUWL42BJMFLO3IjLEChNjUyrbEPzFl5dJ68L1L93afa1av5mlASU4hhM4Ax+uoA530IAmEJDwDK/w5hjnxXl3PmatK8585gj+wPn8AeOrkbY=</latexit>

|n, li

<latexit sha1_base64="GH88vbllLyhXYojsAcsL4Asx7Lk=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBgw2JFPVY9OKxgv2ANpTNdtMu3WzC7kaosb/EiwdFvPpTvPlv3KY9aOuDgcd7M8zMCxLOlHbdb2tldW19Y7OwVdze2d0r2fsHTRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo5up33qgUrFY3OtxQv0IDwQLGcHaSD279CQq3hmveF2JxYDTnl12HTcHWibenJRrDuSo9+yvbj8maUSFJhwr1fHcRPsZlpoRTifFbqpogskID2jHUIEjqvwsP3yCTozSR2EsTQmNcvX3RIYjpcZRYDojrIdq0ZuK/3mdVIdXfsZEkmoqyGxRmHKkYzRNAfWZpETzsSGYSGZuRWSIJSbaZFU0IXiLLy+T5rnjXTjVu2q5dj1LAwpwBMdwCh5cQg1uoQ4NIJDCM7zCm/VovVjv1sesdcWazxzCH1ifPxg3kss=</latexit>

|n� 1, l � 1i

<latexit sha1_base64="WmfNAgofKKdpBufO8pn0wAyxilc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHmxJSlGPRS8eK9gPaEPZbDft0s0m7G6EGvtLvHhQxKs/xZv/xm3ag7Y+GHi8N8PMPD/mTGnH+bZya+sbm1v57cLO7t5+0T44bKkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH9/M/PYDlYpF4l5PYuqFeChYwAjWRurbxSdRrp7zcrUnsRhy2rdLTsXJgFaJuyClegUyNPr2V28QkSSkQhOOleq6Tqy9FEvNCKfTQi9RNMZkjIe0a6jAIVVemh0+RadGGaAgkqaERpn6eyLFoVKT0DedIdYjtezNxP+8bqKDKy9lIk40FWS+KEg40hGapYAGTFKi+cQQTCQztyIywhITbbIqmBDc5ZdXSatacS8qtbtaqX49TwPycAwncAYuXEIdbqEBTSCQwDO8wpv1aL1Y79bHvDVnLWaO4A+szx8bUZLN</latexit>

|n� 2, l � 2i

<latexit sha1_base64="BkwFmG5InIHW4vuVlu0On7WCeRw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GNRBI8V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jNu1BWx8MPN6bYWZemAqujed9O4WV1bX1jeJmaWt7Z3evvH/Q0EmmGNZZIhLVCqlGwSXWDTcCW6lCGocCm+HwZuo3n1BpnshHM0oxiGlf8ogzaqz0cNuV3XLFc70cZJn4c1KpupCj1i1/dXoJy2KUhgmqddv3UhOMqTKcCZyUOpnGlLIh7WPbUklj1ME4P3VCTqzSI1GibElDcvX3xJjGWo/i0HbG1Az0ojcV//PamYmugjGXaWZQstmiKBPEJGT6N+lxhcyIkSWUKW5vJWxAFWXGplOyIfiLLy+TxpnrX7jn9+eV6vUsDSjCERzDKfhwCVW4gxrUgUEfnuEV3hzhvDjvzsesteDMZw7hD5zPH7K6jiE=</latexit>

En

<latexit sha1_base64="sh2gQ8e6l1DR/Dn1OBj7v72+e80=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GNRBI8V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNu1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FipddfL5Lk36ZXKbsXNQZaJNyflWgVy1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1n+bkTcmqVPgljZUsakqu/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZLNFYSqIicn0d9LnCpkRY0soU9zeStiQKsqMTahoQ/AWX14mzYuKd1mpPlTLtZtZGlCAYziBM/DgCmpwD3VoAIMRPMMrvDmJ8+K8Ox+z1hVnPnMEf+B8/gBTPI+f</latexit>

En�1

<latexit sha1_base64="bbwTrZJ3Xc4gY7NNSQXmzA56ZHQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi8tuKeqxKILHCvYD2qVk02wbms2GJCuUpT/CiwdFvPp7vPlvTLc9aOuDgcd7M8zMCyVn2njet1NYW9/Y3Cpul3Z29/YPyodHLZ2kitAmSXiiOiHWlDNBm4YZTjtSURyHnLbD8e3Mbz9RpVkiHs1E0iDGQ8EiRrCxUvuun4mL6rRfrniulwOtEn9BKnUXcjT65a/eICFpTIUhHGvd9T1pggwrwwin01Iv1VRiMsZD2rVU4JjqIMvPnaIzqwxQlChbwqBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMSFTQwWZL4pSjkyCZr+jAVOUGD6xBBPF7K2IjLDCxNiESjYEf/nlVdKquv6lW3uoVeo38zSgCCdwCufgwxXU4R4a0AQCY3iGV3hzpPPivDsf89aCs5g5hj9wPn8AVMGPoA==</latexit>

En�2

<latexit sha1_base64="0cBuxhmD4bbaPYFXGUqm0Y/aIuA=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4GmYkqMfgAh4jmAWSIfR0apImPYvdPUIY8hNePCji1d/x5t/YmeSgiQ8KHu9VUVXPTwRX2nG+rcLK6tr6RnGztLW9s7tX3j9oqjiVDBssFrFs+1Sh4BE2NNcC24lEGvoCW/7oeuq3nlAqHkcPepygF9JBxAPOqDZSu3uDQlNy2ytXHNvJQZaJOyeVmg056r3yV7cfszTESDNBleq4TqK9jErNmcBJqZsqTCgb0QF2DI1oiMrL8nsn5MQofRLE0lSkSa7+nshoqNQ49E1nSPVQLXpT8T+vk+rg0st4lKQaIzZbFKSC6JhMnyd9LpFpMTaEMsnNrYQNqaRMm4hKJgR38eVl0jyz3XO7el+t1K5maUARjuAYTsGFC6jBHdShAQwEPMMrvFmP1ov1bn3MWgvWfOYQ/sD6/AHggY/s</latexit>

�E

nucleus an6proton

<latexit sha1_base64="tRpj2WgFnO1DLo24QA99jIMaQ4Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEGJS6sex6MVjBdMW2lg22027dLMJuxuhhP4GLx4U8eoP8ua/cZv2oK0PBh7vzTAzL0g4U9pxvq3Cyura+kZxs7S1vbO7V94/aKo4lYR6JOaxbAdYUc4E9TTTnLYTSXEUcNoKRrdTv/VEpWKxeNDjhPoRHggWMoK1kbyL8+rjWa9ccWwnB1om7pxU6jbkaPTKX91+TNKICk04VqrjOon2Myw1I5xOSt1U0QSTER7QjqECR1T5WX7sBJ0YpY/CWJoSGuXq74kMR0qNo8B0RlgP1aI3Ff/zOqkOr/2MiSTVVJDZojDlSMdo+jnqM0mJ5mNDMJHM3IrIEEtMtMmnZEJwF19eJs2q7V7atftapX4zSwOKcATHcAouXEEd7qABHhBg8Ayv8GYJ68V6tz5mrQVrPnMIf2B9/gARiY5C</latexit>

5/2+

<latexit sha1_base64="YL/xxHi1fUpRfvOLU3mKmI7wcVk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEGJSivVY9OKxgmkLbSyb7aZdutmE3Y1QQn+DFw+KePUHefPfuE170NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/KB8etVScSkI9EvNYdgKsKGeCepppTjuJpDgKOG0H49uZ336iUrFYPOhJQv0IDwULGcHaSF79svp40S9XHNvJgVaJuyCVhg05mv3yV28QkzSiQhOOleq6TqL9DEvNCKfTUi9VNMFkjIe0a6jAEVV+lh87RWdGGaAwlqaERrn6eyLDkVKTKDCdEdYjtezNxP+8bqrDaz9jIkk1FWS+KEw50jGafY4GTFKi+cQQTCQztyIywhITbfIpmRDc5ZdXSatqu1d27b5WadzM04AinMApnIMLdWjAHTTBAwIMnuEV3ixhvVjv1se8tWAtZo7hD6zPHxSZjkQ=</latexit>

7/2+

... but (!) what about the conserva6on of total angular momentum?
<latexit sha1_base64="yHss9X4ljvJ3v7utrVLoAQitHU4="></latexit>

HQ = �
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is it possible for odd-A nuclei?

<latexit sha1_base64="C1B+BF9iMB0L2JErUil41/smDoY=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJBIUY9FLx4r2A9IQ9lsN+3SzW7Y3Qgl9md48aCIV3+NN/+N27QHbX0w8Hhvhpl5UcqZNp737aysrq1vbJa2yts7u3v7lYPDlpaZIrRJJJeqE2FNORO0aZjhtJMqipOI03Y0up367UeqNJPiwYxTGiZ4IFjMCDZWCp7EOe8qLAac9ipVz/UKoGXiz0m17kKBRq/y1e1LkiVUGMKx1oHvpSbMsTKMcDopdzNNU0xGeEADSwVOqA7z4uQJOrVKH8VS2RIGFerviRwnWo+TyHYm2Az1ojcV//OCzMTXYc5EmhkqyGxRnHFkJJr+j/pMUWL42BJMFLO3IjLEChNjUyrbEPzFl5dJ68L1L93afa1av5mlASU4hhM4Ax+uoA530IAmEJDwDK/w5hjnxXl3PmatK8585gj+wPn8AeOrkbY=</latexit>

|n, li

<latexit sha1_base64="GH88vbllLyhXYojsAcsL4Asx7Lk=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBgw2JFPVY9OKxgv2ANpTNdtMu3WzC7kaosb/EiwdFvPpTvPlv3KY9aOuDgcd7M8zMCxLOlHbdb2tldW19Y7OwVdze2d0r2fsHTRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo5up33qgUrFY3OtxQv0IDwQLGcHaSD279CQq3hmveF2JxYDTnl12HTcHWibenJRrDuSo9+yvbj8maUSFJhwr1fHcRPsZlpoRTifFbqpogskID2jHUIEjqvwsP3yCTozSR2EsTQmNcvX3RIYjpcZRYDojrIdq0ZuK/3mdVIdXfsZEkmoqyGxRmHKkYzRNAfWZpETzsSGYSGZuRWSIJSbaZFU0IXiLLy+T5rnjXTjVu2q5dj1LAwpwBMdwCh5cQg1uoQ4NIJDCM7zCm/VovVjv1sesdcWazxzCH1ifPxg3kss=</latexit>

|n� 1, l � 1i

<latexit sha1_base64="WmfNAgofKKdpBufO8pn0wAyxilc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHmxJSlGPRS8eK9gPaEPZbDft0s0m7G6EGvtLvHhQxKs/xZv/xm3ag7Y+GHi8N8PMPD/mTGnH+bZya+sbm1v57cLO7t5+0T44bKkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH9/M/PYDlYpF4l5PYuqFeChYwAjWRurbxSdRrp7zcrUnsRhy2rdLTsXJgFaJuyClegUyNPr2V28QkSSkQhOOleq6Tqy9FEvNCKfTQi9RNMZkjIe0a6jAIVVemh0+RadGGaAgkqaERpn6eyLFoVKT0DedIdYjtezNxP+8bqKDKy9lIk40FWS+KEg40hGapYAGTFKi+cQQTCQztyIywhITbbIqmBDc5ZdXSatacS8qtbtaqX49TwPycAwncAYuXEIdbqEBTSCQwDO8wpv1aL1Y79bHvDVnLWaO4A+szx8bUZLN</latexit>

|n� 2, l � 2i

<latexit sha1_base64="BkwFmG5InIHW4vuVlu0On7WCeRw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GNRBI8V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jNu1BWx8MPN6bYWZemAqujed9O4WV1bX1jeJmaWt7Z3evvH/Q0EmmGNZZIhLVCqlGwSXWDTcCW6lCGocCm+HwZuo3n1BpnshHM0oxiGlf8ogzaqz0cNuV3XLFc70cZJn4c1KpupCj1i1/dXoJy2KUhgmqddv3UhOMqTKcCZyUOpnGlLIh7WPbUklj1ME4P3VCTqzSI1GibElDcvX3xJjGWo/i0HbG1Az0ojcV//PamYmugjGXaWZQstmiKBPEJGT6N+lxhcyIkSWUKW5vJWxAFWXGplOyIfiLLy+TxpnrX7jn9+eV6vUsDSjCERzDKfhwCVW4gxrUgUEfnuEV3hzhvDjvzsesteDMZw7hD5zPH7K6jiE=</latexit>

En

<latexit sha1_base64="sh2gQ8e6l1DR/Dn1OBj7v72+e80=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GNRBI8V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNu1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FipddfL5Lk36ZXKbsXNQZaJNyflWgVy1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1n+bkTcmqVPgljZUsakqu/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZLNFYSqIicn0d9LnCpkRY0soU9zeStiQKsqMTahoQ/AWX14mzYuKd1mpPlTLtZtZGlCAYziBM/DgCmpwD3VoAIMRPMMrvDmJ8+K8Ox+z1hVnPnMEf+B8/gBTPI+f</latexit>

En�1

<latexit sha1_base64="bbwTrZJ3Xc4gY7NNSQXmzA56ZHQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi8tuKeqxKILHCvYD2qVk02wbms2GJCuUpT/CiwdFvPp7vPlvTLc9aOuDgcd7M8zMCyVn2njet1NYW9/Y3Cpul3Z29/YPyodHLZ2kitAmSXiiOiHWlDNBm4YZTjtSURyHnLbD8e3Mbz9RpVkiHs1E0iDGQ8EiRrCxUvuun4mL6rRfrniulwOtEn9BKnUXcjT65a/eICFpTIUhHGvd9T1pggwrwwin01Iv1VRiMsZD2rVU4JjqIMvPnaIzqwxQlChbwqBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMSFTQwWZL4pSjkyCZr+jAVOUGD6xBBPF7K2IjLDCxNiESjYEf/nlVdKquv6lW3uoVeo38zSgCCdwCufgwxXU4R4a0AQCY3iGV3hzpPPivDsf89aCs5g5hj9wPn8AVMGPoA==</latexit>

En�2

<latexit sha1_base64="0cBuxhmD4bbaPYFXGUqm0Y/aIuA=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4GmYkqMfgAh4jmAWSIfR0apImPYvdPUIY8hNePCji1d/x5t/YmeSgiQ8KHu9VUVXPTwRX2nG+rcLK6tr6RnGztLW9s7tX3j9oqjiVDBssFrFs+1Sh4BE2NNcC24lEGvoCW/7oeuq3nlAqHkcPepygF9JBxAPOqDZSu3uDQlNy2ytXHNvJQZaJOyeVmg056r3yV7cfszTESDNBleq4TqK9jErNmcBJqZsqTCgb0QF2DI1oiMrL8nsn5MQofRLE0lSkSa7+nshoqNQ49E1nSPVQLXpT8T+vk+rg0st4lKQaIzZbFKSC6JhMnyd9LpFpMTaEMsnNrYQNqaRMm4hKJgR38eVl0jyz3XO7el+t1K5maUARjuAYTsGFC6jBHdShAQwEPMMrvFmP1ov1bn3MWgvWfOYQ/sD6/AHggY/s</latexit>

�E

nucleus an6proton

<latexit sha1_base64="tH/RQO2s9nN8VkOx5XvsIdmKMdI=">AAACAHicbVC7SgNBFL0bXzG+ohYWNoNBsAq7EtRGCGphGcE8ILuE2clNMmb2wcysEJY0/oqNhSK2foadf+Nkk0ITD1w4nHPv3LnHjwVX2ra/rdzS8srqWn69sLG5tb1T3N1rqCiRDOssEpFs+VSh4CHWNdcCW7FEGvgCm/7weuI3H1EqHoX3ehSjF9B+yHucUW2kTvHAzd5IJXbH7g0KTckDuSROp1iyy3YGskicGSlVy5Ch1il+ud2IJQGGmgmqVNuxY+2lVGrOBI4LbqIwpmxI+9g2NKQBKi/Nlo/JsVG6pBdJU6Emmfp7IqWBUqPAN50B1QM1703E/7x2onsXXsrDONEYsumiXiKIjsgkDdLlEpkWI0Mok9z8lbABlZRpk1nBhODMn7xIGqdl56xcuauUqlfTNCAPh3AEJ+DAOVThFmpQBwZjeIZXeLOerBfr3fqYtuas2cw+/IH1+QM3i5Y0</latexit>

�j = 1
<latexit sha1_base64="2lgGnmOb06xm1SDz2gL88gD0yXs=">AAACAXicbVDLSgNBEOyNrxhfq14EL4NB8BR2Q1AvQlAPHiOYByQhzE46yZjZBzOzQljixV/x4kERr/6FN//GySYHTSxoKKq6p6fLiwRX2nG+rczS8srqWnY9t7G5tb1j7+7VVBhLhlUWilA2PKpQ8ACrmmuBjUgi9T2BdW94NfHrDygVD4M7PYqw7dN+wHucUW2kjn3QSt9IPBHjuHWNQlNyTy5IsWPnnYKTgiwSd0by5QKkqHTsr1Y3ZLGPgWaCKtV0nUi3Eyo1ZwLHuVasMKJsSPvYNDSgPqp2km4fk2OjdEkvlKYCTVL190RCfaVGvmc6faoHat6biP95zVj3ztsJD6JYY8Cmi3qxIDokkzhIl0tkWowMoUxy81fCBlRSpk1oOROCO3/yIqkVC+5poXRbypcvp2lAFg7hCE7AhTMoww1UoAoMHuEZXuHNerJerHfrY9qasWYz+/AH1ucPDSqWrA==</latexit>

�j = 2
<latexit sha1_base64="tRpj2WgFnO1DLo24QA99jIMaQ4Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEGJS6sex6MVjBdMW2lg22027dLMJuxuhhP4GLx4U8eoP8ua/cZv2oK0PBh7vzTAzL0g4U9pxvq3Cyura+kZxs7S1vbO7V94/aKo4lYR6JOaxbAdYUc4E9TTTnLYTSXEUcNoKRrdTv/VEpWKxeNDjhPoRHggWMoK1kbyL8+rjWa9ccWwnB1om7pxU6jbkaPTKX91+TNKICk04VqrjOon2Myw1I5xOSt1U0QSTER7QjqECR1T5WX7sBJ0YpY/CWJoSGuXq74kMR0qNo8B0RlgP1aI3Ff/zOqkOr/2MiSTVVJDZojDlSMdo+jnqM0mJ5mNDMJHM3IrIEEtMtMmnZEJwF19eJs2q7V7atftapX4zSwOKcATHcAouXEEd7qABHhBg8Ayv8GYJ68V6tz5mrQVrPnMIf2B9/gARiY5C</latexit>

5/2+

<latexit sha1_base64="YL/xxHi1fUpRfvOLU3mKmI7wcVk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEGJSivVY9OKxgmkLbSyb7aZdutmE3Y1QQn+DFw+KePUHefPfuE170NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/KB8etVScSkI9EvNYdgKsKGeCepppTjuJpDgKOG0H49uZ336iUrFYPOhJQv0IDwULGcHaSF79svp40S9XHNvJgVaJuyCVhg05mv3yV28QkzSiQhOOleq6TqL9DEvNCKfTUi9VNMFkjIe0a6jAEVV+lh87RWdGGaAwlqaERrn6eyLDkVKTKDCdEdYjtezNxP+8bqrDaz9jIkk1FWS+KEw50jGafY4GTFKi+cQQTCQztyIywhITbfIpmRDc5ZdXSatqu1d27b5WadzM04AinMApnIMLdWjAHTTBAwIMnuEV3ixhvVjv1se8tWAtZo7hD6zPHxSZjkQ=</latexit>

7/2+

... but (!) what about the conserva6on of total angular momentum?
<latexit sha1_base64="yHss9X4ljvJ3v7utrVLoAQitHU4="></latexit>

HQ = �
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• only the ORBITAL angular momentum has to change by 2 quanta!
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• only the ORBITAL angular momentum has to change by 2 quanta!

is it possible for odd-A nuclei?

<latexit sha1_base64="C1B+BF9iMB0L2JErUil41/smDoY=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJBIUY9FLx4r2A9IQ9lsN+3SzW7Y3Qgl9md48aCIV3+NN/+N27QHbX0w8Hhvhpl5UcqZNp737aysrq1vbJa2yts7u3v7lYPDlpaZIrRJJJeqE2FNORO0aZjhtJMqipOI03Y0up367UeqNJPiwYxTGiZ4IFjMCDZWCp7EOe8qLAac9ipVz/UKoGXiz0m17kKBRq/y1e1LkiVUGMKx1oHvpSbMsTKMcDopdzNNU0xGeEADSwVOqA7z4uQJOrVKH8VS2RIGFerviRwnWo+TyHYm2Az1ojcV//OCzMTXYc5EmhkqyGxRnHFkJJr+j/pMUWL42BJMFLO3IjLEChNjUyrbEPzFl5dJ68L1L93afa1av5mlASU4hhM4Ax+uoA530IAmEJDwDK/w5hjnxXl3PmatK8585gj+wPn8AeOrkbY=</latexit>

|n, li

<latexit sha1_base64="GH88vbllLyhXYojsAcsL4Asx7Lk=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBgw2JFPVY9OKxgv2ANpTNdtMu3WzC7kaosb/EiwdFvPpTvPlv3KY9aOuDgcd7M8zMCxLOlHbdb2tldW19Y7OwVdze2d0r2fsHTRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo5up33qgUrFY3OtxQv0IDwQLGcHaSD279CQq3hmveF2JxYDTnl12HTcHWibenJRrDuSo9+yvbj8maUSFJhwr1fHcRPsZlpoRTifFbqpogskID2jHUIEjqvwsP3yCTozSR2EsTQmNcvX3RIYjpcZRYDojrIdq0ZuK/3mdVIdXfsZEkmoqyGxRmHKkYzRNAfWZpETzsSGYSGZuRWSIJSbaZFU0IXiLLy+T5rnjXTjVu2q5dj1LAwpwBMdwCh5cQg1uoQ4NIJDCM7zCm/VovVjv1sesdcWazxzCH1ifPxg3kss=</latexit>

|n� 1, l � 1i

<latexit sha1_base64="WmfNAgofKKdpBufO8pn0wAyxilc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHmxJSlGPRS8eK9gPaEPZbDft0s0m7G6EGvtLvHhQxKs/xZv/xm3ag7Y+GHi8N8PMPD/mTGnH+bZya+sbm1v57cLO7t5+0T44bKkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH9/M/PYDlYpF4l5PYuqFeChYwAjWRurbxSdRrp7zcrUnsRhy2rdLTsXJgFaJuyClegUyNPr2V28QkSSkQhOOleq6Tqy9FEvNCKfTQi9RNMZkjIe0a6jAIVVemh0+RadGGaAgkqaERpn6eyLFoVKT0DedIdYjtezNxP+8bqKDKy9lIk40FWS+KEg40hGapYAGTFKi+cQQTCQztyIywhITbbIqmBDc5ZdXSatacS8qtbtaqX49TwPycAwncAYuXEIdbqEBTSCQwDO8wpv1aL1Y79bHvDVnLWaO4A+szx8bUZLN</latexit>

|n� 2, l � 2i

<latexit sha1_base64="BkwFmG5InIHW4vuVlu0On7WCeRw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GNRBI8V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jNu1BWx8MPN6bYWZemAqujed9O4WV1bX1jeJmaWt7Z3evvH/Q0EmmGNZZIhLVCqlGwSXWDTcCW6lCGocCm+HwZuo3n1BpnshHM0oxiGlf8ogzaqz0cNuV3XLFc70cZJn4c1KpupCj1i1/dXoJy2KUhgmqddv3UhOMqTKcCZyUOpnGlLIh7WPbUklj1ME4P3VCTqzSI1GibElDcvX3xJjGWo/i0HbG1Az0ojcV//PamYmugjGXaWZQstmiKBPEJGT6N+lxhcyIkSWUKW5vJWxAFWXGplOyIfiLLy+TxpnrX7jn9+eV6vUsDSjCERzDKfhwCVW4gxrUgUEfnuEV3hzhvDjvzsesteDMZw7hD5zPH7K6jiE=</latexit>

En

<latexit sha1_base64="sh2gQ8e6l1DR/Dn1OBj7v72+e80=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GNRBI8V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNu1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FipddfL5Lk36ZXKbsXNQZaJNyflWgVy1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1n+bkTcmqVPgljZUsakqu/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZLNFYSqIicn0d9LnCpkRY0soU9zeStiQKsqMTahoQ/AWX14mzYuKd1mpPlTLtZtZGlCAYziBM/DgCmpwD3VoAIMRPMMrvDmJ8+K8Ox+z1hVnPnMEf+B8/gBTPI+f</latexit>

En�1

<latexit sha1_base64="bbwTrZJ3Xc4gY7NNSQXmzA56ZHQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi8tuKeqxKILHCvYD2qVk02wbms2GJCuUpT/CiwdFvPp7vPlvTLc9aOuDgcd7M8zMCyVn2njet1NYW9/Y3Cpul3Z29/YPyodHLZ2kitAmSXiiOiHWlDNBm4YZTjtSURyHnLbD8e3Mbz9RpVkiHs1E0iDGQ8EiRrCxUvuun4mL6rRfrniulwOtEn9BKnUXcjT65a/eICFpTIUhHGvd9T1pggwrwwin01Iv1VRiMsZD2rVU4JjqIMvPnaIzqwxQlChbwqBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMSFTQwWZL4pSjkyCZr+jAVOUGD6xBBPF7K2IjLDCxNiESjYEf/nlVdKquv6lW3uoVeo38zSgCCdwCufgwxXU4R4a0AQCY3iGV3hzpPPivDsf89aCs5g5hj9wPn8AVMGPoA==</latexit>

En�2

<latexit sha1_base64="0cBuxhmD4bbaPYFXGUqm0Y/aIuA=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4GmYkqMfgAh4jmAWSIfR0apImPYvdPUIY8hNePCji1d/x5t/YmeSgiQ8KHu9VUVXPTwRX2nG+rcLK6tr6RnGztLW9s7tX3j9oqjiVDBssFrFs+1Sh4BE2NNcC24lEGvoCW/7oeuq3nlAqHkcPepygF9JBxAPOqDZSu3uDQlNy2ytXHNvJQZaJOyeVmg056r3yV7cfszTESDNBleq4TqK9jErNmcBJqZsqTCgb0QF2DI1oiMrL8nsn5MQofRLE0lSkSa7+nshoqNQ49E1nSPVQLXpT8T+vk+rg0st4lKQaIzZbFKSC6JhMnyd9LpFpMTaEMsnNrYQNqaRMm4hKJgR38eVl0jyz3XO7el+t1K5maUARjuAYTsGFC6jBHdShAQwEPMMrvFmP1ov1bn3MWgvWfOYQ/sD6/AHggY/s</latexit>

�E

nucleus an6proton

<latexit sha1_base64="tH/RQO2s9nN8VkOx5XvsIdmKMdI=">AAACAHicbVC7SgNBFL0bXzG+ohYWNoNBsAq7EtRGCGphGcE8ILuE2clNMmb2wcysEJY0/oqNhSK2foadf+Nkk0ITD1w4nHPv3LnHjwVX2ra/rdzS8srqWn69sLG5tb1T3N1rqCiRDOssEpFs+VSh4CHWNdcCW7FEGvgCm/7weuI3H1EqHoX3ehSjF9B+yHucUW2kTvHAzd5IJXbH7g0KTckDuSROp1iyy3YGskicGSlVy5Ch1il+ud2IJQGGmgmqVNuxY+2lVGrOBI4LbqIwpmxI+9g2NKQBKi/Nlo/JsVG6pBdJU6Emmfp7IqWBUqPAN50B1QM1703E/7x2onsXXsrDONEYsumiXiKIjsgkDdLlEpkWI0Mok9z8lbABlZRpk1nBhODMn7xIGqdl56xcuauUqlfTNCAPh3AEJ+DAOVThFmpQBwZjeIZXeLOerBfr3fqYtuas2cw+/IH1+QM3i5Y0</latexit>

�j = 1
<latexit sha1_base64="2lgGnmOb06xm1SDz2gL88gD0yXs=">AAACAXicbVDLSgNBEOyNrxhfq14EL4NB8BR2Q1AvQlAPHiOYByQhzE46yZjZBzOzQljixV/x4kERr/6FN//GySYHTSxoKKq6p6fLiwRX2nG+rczS8srqWnY9t7G5tb1j7+7VVBhLhlUWilA2PKpQ8ACrmmuBjUgi9T2BdW94NfHrDygVD4M7PYqw7dN+wHucUW2kjn3QSt9IPBHjuHWNQlNyTy5IsWPnnYKTgiwSd0by5QKkqHTsr1Y3ZLGPgWaCKtV0nUi3Eyo1ZwLHuVasMKJsSPvYNDSgPqp2km4fk2OjdEkvlKYCTVL190RCfaVGvmc6faoHat6biP95zVj3ztsJD6JYY8Cmi3qxIDokkzhIl0tkWowMoUxy81fCBlRSpk1oOROCO3/yIqkVC+5poXRbypcvp2lAFg7hCE7AhTMoww1UoAoMHuEZXuHNerJerHfrY9qasWYz+/AH1ucPDSqWrA==</latexit>

�j = 2
<latexit sha1_base64="tRpj2WgFnO1DLo24QA99jIMaQ4Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEGJS6sex6MVjBdMW2lg22027dLMJuxuhhP4GLx4U8eoP8ua/cZv2oK0PBh7vzTAzL0g4U9pxvq3Cyura+kZxs7S1vbO7V94/aKo4lYR6JOaxbAdYUc4E9TTTnLYTSXEUcNoKRrdTv/VEpWKxeNDjhPoRHggWMoK1kbyL8+rjWa9ccWwnB1om7pxU6jbkaPTKX91+TNKICk04VqrjOon2Myw1I5xOSt1U0QSTER7QjqECR1T5WX7sBJ0YpY/CWJoSGuXq74kMR0qNo8B0RlgP1aI3Ff/zOqkOr/2MiSTVVJDZojDlSMdo+jnqM0mJ5mNDMJHM3IrIEEtMtMmnZEJwF19eJs2q7V7atftapX4zSwOKcATHcAouXEEd7qABHhBg8Ayv8GYJ68V6tz5mrQVrPnMIf2B9/gARiY5C</latexit>

5/2+

<latexit sha1_base64="YL/xxHi1fUpRfvOLU3mKmI7wcVk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEGJSivVY9OKxgmkLbSyb7aZdutmE3Y1QQn+DFw+KePUHefPfuE170NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/KB8etVScSkI9EvNYdgKsKGeCepppTjuJpDgKOG0H49uZ336iUrFYPOhJQv0IDwULGcHaSF79svp40S9XHNvJgVaJuyCVhg05mv3yV28QkzSiQhOOleq6TqL9DEvNCKfTUi9VNMFkjIe0a6jAEVV+lh87RWdGGaAwlqaERrn6eyLDkVKTKDCdEdYjtezNxP+8bqrDaz9jIkk1FWS+KEw50jGafY4GTFKi+cQQTCQztyIywhITbfIpmRDc5ZdXSatqu1d27b5WadzM04AinMApnIMLdWjAHTTBAwIMnuEV3ixhvVjv1se8tWAtZo7hD6zPHxSZjkQ=</latexit>

7/2+

... but (!) what about the conserva6on of total angular momentum?
<latexit sha1_base64="yHss9X4ljvJ3v7utrVLoAQitHU4="></latexit>

HQ = �

r
⇡

5
ZQ0Y

0
2(⇥) r�3 Y0

2(n)

• for half-integer spins ΔJ=1 possible!
<latexit sha1_base64="7P+2MzMGQu2FDZmP0Osu0ZW8+fA=">AAACBnicbVDLTsJAFL31ifhCXbppJCYmJtgSX0uiG5eYCGhobabDBSdMp3VmSiSFvT/gb7gzLtyw0I/wb2zBDehZnZxzbnLP8SPOlLasb2NufmFxaTm3kl9dW9/YLGxt11UYS4o1GvJQ3vpEIWcCa5ppjreRRBL4HBt+9zLzGz2UioXiRvcjdAPSEazNKNGp5BWOHE5Eh+PZUfn+cOAERD/IILkbeuV7a3CSiY4cB0xH4KNpeYWiVbLGMP8S+5cUKyUYo+oVRk4rpHGAQlNOlGraVqTdhEjNKMdh3okVRoR2SQebrR6LlCABKjd5Gneb8hMSKNUP/KG5n/2pZr1M/M9rxrp97iZMRLFGQdNI6rVjburQzDYxW0wi1byfEkIlSz8z6QORhOp0uXxa2Z4t+JfUyyX7tHR8fVysXEy6Qw52YQ8OwIYzqMAVVKEGFF7gAz7hy3g2Xo03430SnTN+b3ZgCsboB6ddmKs=</latexit>

h7/2+|Y0
2|5/2+i 6= 0
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is it possible for odd-A nuclei?

what about intensity of the resonance?

<latexit sha1_base64="yHss9X4ljvJ3v7utrVLoAQitHU4="></latexit>

HQ = �
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5
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0
2(⇥) r�3 Y0

2(n)

20/20



is it possible for odd-A nuclei?

what about intensity of the resonance?

• obviously, spin-conserving processes have higher amplitudes

• they are forbidden due to the nuclear spin conserva6on!

<latexit sha1_base64="yHss9X4ljvJ3v7utrVLoAQitHU4="></latexit>

HQ = �

r
⇡

5
ZQ0Y

0
2(⇥) r�3 Y0

2(n)

• amplitudes may be large when related to the energy gap

<latexit sha1_base64="xy/pKrbu6FPBOAd4fsDmdc1SwSI="></latexit>

�Enucl = 938.65 keV

E7 � E5 = 939.40 keV
<latexit sha1_base64="8gEssGPpmX7RSvNYTkp40egNZsk="></latexit>

hE|Q̂|Gi ⇡ 190 eV

<latexit sha1_base64="PcJmdvokVslLCgP7dHtrz8VoT2Q=">AAAB+HicbZC7TsNAEEXH4R1eBkqahQiJAkU2CoQy4iFRgkQCUmxF682ErLK2V7vrKMFKzW/QIQoaCmj5Df4GO9AkcKurOTPS3BtIwbVxnC+rMDM7N7+wuFRcXlldW7c3Nhs6ThTDOotFrO4CqlHwCOuGG4F3UiENA4G3Qe8s57d9VJrH0Y0ZSvRDeh/xDmfUZKOWveOdozCUXBCPSqniAakeOd6BF1LTVWGKjVHLLjllZyzy17i/plQrw1hXLfvTa8csCTEyTFCtm64jjZ9SZTgTOCp6iUZJWY/eY7Pd51JHNETtp4Nxmgme0lDrYRiMyF7+kJ5m+fA/1kxM58RPeSQTgxHLVjLWSQQxMclbIG2ukBkxzAxlimefEdalijKTdVXMIrvTAf+axmHZPS5Xriul2ulPdliEbdiFfXChCjW4hCuoA4NHeIV3+LAerCfr2Xr5WS1YvzdbMCHr7RsZ8JN7</latexit>

�E ⇡ 750 eV
p

nucleus antiproton

Ru101

n = 8, ! = 7

n = 7, ! = 6

n = 6, ! = 5

n = 5, ! = 4

n = 4, ! = 3

229 keV

353 keV

585 keV

1078 keV

939 keV

+7/2

+5/2
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... thank You for your a:en6on...

high-precision atomic spectroscopy of 
exo6c ma:er-an6ma:er atoms 

may shed new light 
on the Standard Model 

... take-home message ...


