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Fizika delcev

12C

?
1 m

<latexit sha1_base64="NhlQIHhqJ5MCE8e4BHKqDIDG7a0=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN4CXjxGMA/YLGF2MpsMmccy0yuGJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090Vp4Jb8P1vr7S2vrG5Vd6u7Ozu7R9UD4/aVmeGshbVQptuTCwTXLEWcBCsmxpGZCxYJx7fzvzOIzOWa/UAk5RFkgwVTzgl4KQwwD1gT5BjOe1Xa37dnwOvkqAgNVSg2a9+9QaaZpIpoIJYGwZ+ClFODHAq2LTSyyxLCR2TIQsdVUQyG+Xzk6f4zCkDnGjjSgGeq78nciKtncjYdUoCI7vszcT/vDCD5DrKuUozYIouFiWZwKDx7H884IZREBNHCDXc3YrpiBhCwaVUcSEEyy+vkvZFPfDrwf1lrXFTxFFGJ+gUnaMAXaEGukNN1EIUafSMXtGbB96L9+59LFpLXjFzjP7A+/wBs2WQ1g==</latexit><latexit sha1_base64="NhlQIHhqJ5MCE8e4BHKqDIDG7a0=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN4CXjxGMA/YLGF2MpsMmccy0yuGJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090Vp4Jb8P1vr7S2vrG5Vd6u7Ozu7R9UD4/aVmeGshbVQptuTCwTXLEWcBCsmxpGZCxYJx7fzvzOIzOWa/UAk5RFkgwVTzgl4KQwwD1gT5BjOe1Xa37dnwOvkqAgNVSg2a9+9QaaZpIpoIJYGwZ+ClFODHAq2LTSyyxLCR2TIQsdVUQyG+Xzk6f4zCkDnGjjSgGeq78nciKtncjYdUoCI7vszcT/vDCD5DrKuUozYIouFiWZwKDx7H884IZREBNHCDXc3YrpiBhCwaVUcSEEyy+vkvZFPfDrwf1lrXFTxFFGJ+gUnaMAXaEGukNN1EIUafSMXtGbB96L9+59LFpLXjFzjP7A+/wBs2WQ1g==</latexit><latexit sha1_base64="NhlQIHhqJ5MCE8e4BHKqDIDG7a0=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN4CXjxGMA/YLGF2MpsMmccy0yuGJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090Vp4Jb8P1vr7S2vrG5Vd6u7Ozu7R9UD4/aVmeGshbVQptuTCwTXLEWcBCsmxpGZCxYJx7fzvzOIzOWa/UAk5RFkgwVTzgl4KQwwD1gT5BjOe1Xa37dnwOvkqAgNVSg2a9+9QaaZpIpoIJYGwZ+ClFODHAq2LTSyyxLCR2TIQsdVUQyG+Xzk6f4zCkDnGjjSgGeq78nciKtncjYdUoCI7vszcT/vDCD5DrKuUozYIouFiWZwKDx7H884IZREBNHCDXc3YrpiBhCwaVUcSEEyy+vkvZFPfDrwf1lrXFTxFFGJ+gUnaMAXaEGukNN1EIUafSMXtGbB96L9+59LFpLXjFzjP7A+/wBs2WQ1g==</latexit><latexit sha1_base64="NhlQIHhqJ5MCE8e4BHKqDIDG7a0=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN4CXjxGMA/YLGF2MpsMmccy0yuGJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090Vp4Jb8P1vr7S2vrG5Vd6u7Ozu7R9UD4/aVmeGshbVQptuTCwTXLEWcBCsmxpGZCxYJx7fzvzOIzOWa/UAk5RFkgwVTzgl4KQwwD1gT5BjOe1Xa37dnwOvkqAgNVSg2a9+9QaaZpIpoIJYGwZ+ClFODHAq2LTSyyxLCR2TIQsdVUQyG+Xzk6f4zCkDnGjjSgGeq78nciKtncjYdUoCI7vszcT/vDCD5DrKuUozYIouFiWZwKDx7H884IZREBNHCDXc3YrpiBhCwaVUcSEEyy+vkvZFPfDrwf1lrXFTxFFGJ+gUnaMAXaEGukNN1EIUafSMXtGbB96L9+59LFpLXjFzjP7A+/wBs2WQ1g==</latexit> 10�10 m
<latexit sha1_base64="qVgrkyeLoEaaPQSTEjo+9sP09cA=">AAAB+3icbVBNSwMxEM3Wr1q/1nr0EiyCF0tWBPVW8OKxgv2Adi3ZNG1Ds9klmZWWZf+KFw+KePWPePPfmLZ70NYHA4/3ZpiZF8RSGCDk2ymsrW9sbhW3Szu7e/sH7mG5aaJEM95gkYx0O6CGS6F4AwRI3o41p2EgeSsY38781hPXRkTqAaYx90M6VGIgGAUr9dyyRx7Tc49kuAt8AikOs55bIVUyB14lXk4qKEe95351+xFLQq6ASWpMxyMx+CnVIJjkWambGB5TNqZD3rFU0ZAbP53fnuFTq/TxINK2FOC5+nsipaEx0zCwnSGFkVn2ZuJ/XieBwbWfChUnwBVbLBokEkOEZ0HgvtCcgZxaQpkW9lbMRlRTBjaukg3BW355lTQvqh6peveXldpNHkcRHaMTdIY8dIVq6A7VUQMxNEHP6BW9OZnz4rw7H4vWgpPPHKE/cD5/AHEek2E=</latexit><latexit sha1_base64="qVgrkyeLoEaaPQSTEjo+9sP09cA=">AAAB+3icbVBNSwMxEM3Wr1q/1nr0EiyCF0tWBPVW8OKxgv2Adi3ZNG1Ds9klmZWWZf+KFw+KePWPePPfmLZ70NYHA4/3ZpiZF8RSGCDk2ymsrW9sbhW3Szu7e/sH7mG5aaJEM95gkYx0O6CGS6F4AwRI3o41p2EgeSsY38781hPXRkTqAaYx90M6VGIgGAUr9dyyRx7Tc49kuAt8AikOs55bIVUyB14lXk4qKEe95351+xFLQq6ASWpMxyMx+CnVIJjkWambGB5TNqZD3rFU0ZAbP53fnuFTq/TxINK2FOC5+nsipaEx0zCwnSGFkVn2ZuJ/XieBwbWfChUnwBVbLBokEkOEZ0HgvtCcgZxaQpkW9lbMRlRTBjaukg3BW355lTQvqh6peveXldpNHkcRHaMTdIY8dIVq6A7VUQMxNEHP6BW9OZnz4rw7H4vWgpPPHKE/cD5/AHEek2E=</latexit><latexit sha1_base64="qVgrkyeLoEaaPQSTEjo+9sP09cA=">AAAB+3icbVBNSwMxEM3Wr1q/1nr0EiyCF0tWBPVW8OKxgv2Adi3ZNG1Ds9klmZWWZf+KFw+KePWPePPfmLZ70NYHA4/3ZpiZF8RSGCDk2ymsrW9sbhW3Szu7e/sH7mG5aaJEM95gkYx0O6CGS6F4AwRI3o41p2EgeSsY38781hPXRkTqAaYx90M6VGIgGAUr9dyyRx7Tc49kuAt8AikOs55bIVUyB14lXk4qKEe95351+xFLQq6ASWpMxyMx+CnVIJjkWambGB5TNqZD3rFU0ZAbP53fnuFTq/TxINK2FOC5+nsipaEx0zCwnSGFkVn2ZuJ/XieBwbWfChUnwBVbLBokEkOEZ0HgvtCcgZxaQpkW9lbMRlRTBjaukg3BW355lTQvqh6peveXldpNHkcRHaMTdIY8dIVq6A7VUQMxNEHP6BW9OZnz4rw7H4vWgpPPHKE/cD5/AHEek2E=</latexit><latexit sha1_base64="qVgrkyeLoEaaPQSTEjo+9sP09cA=">AAAB+3icbVBNSwMxEM3Wr1q/1nr0EiyCF0tWBPVW8OKxgv2Adi3ZNG1Ds9klmZWWZf+KFw+KePWPePPfmLZ70NYHA4/3ZpiZF8RSGCDk2ymsrW9sbhW3Szu7e/sH7mG5aaJEM95gkYx0O6CGS6F4AwRI3o41p2EgeSsY38781hPXRkTqAaYx90M6VGIgGAUr9dyyRx7Tc49kuAt8AikOs55bIVUyB14lXk4qKEe95351+xFLQq6ASWpMxyMx+CnVIJjkWambGB5TNqZD3rFU0ZAbP53fnuFTq/TxINK2FOC5+nsipaEx0zCwnSGFkVn2ZuJ/XieBwbWfChUnwBVbLBokEkOEZ0HgvtCcgZxaQpkW9lbMRlRTBjaukg3BW355lTQvqh6peveXldpNHkcRHaMTdIY8dIVq6A7VUQMxNEHP6BW9OZnz4rw7H4vWgpPPHKE/cD5/AHEek2E=</latexit>

10�14 m
<latexit sha1_base64="L2EZTnzvdahcYYm/Xwa7NIfUuZw=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwYtlIQb0VvHisYD+gXUs2TdvQZHdJZqVl2b/ixYMiXv0j3vw3pu0etPXBwOO9GWbmBbEUBjzv21lb39jc2i7sFHf39g8O3aNS00SJZrzBIhnpdkANlyLkDRAgeTvWnKpA8lYwvp35rSeujYjCB5jG3Fd0GIqBYBSs1HNLxHtML0g1w13gE0ixynpu2at4c+BVQnJSRjnqPfer249YongITFJjOsSLwU+pBsEkz4rdxPCYsjEd8o6lIVXc+On89gyfWaWPB5G2FQKeq78nUqqMmarAdioKI7PszcT/vE4Cg2s/FWGcAA/ZYtEgkRgiPAsC94XmDOTUEsq0sLdiNqKaMrBxFW0IZPnlVdK8rBCvQu6r5dpNHkcBnaBTdI4IukI1dIfqqIEYmqBn9IrenMx5cd6dj0XrmpPPHKM/cD5/AHdak2U=</latexit><latexit sha1_base64="L2EZTnzvdahcYYm/Xwa7NIfUuZw=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwYtlIQb0VvHisYD+gXUs2TdvQZHdJZqVl2b/ixYMiXv0j3vw3pu0etPXBwOO9GWbmBbEUBjzv21lb39jc2i7sFHf39g8O3aNS00SJZrzBIhnpdkANlyLkDRAgeTvWnKpA8lYwvp35rSeujYjCB5jG3Fd0GIqBYBSs1HNLxHtML0g1w13gE0ixynpu2at4c+BVQnJSRjnqPfer249YongITFJjOsSLwU+pBsEkz4rdxPCYsjEd8o6lIVXc+On89gyfWaWPB5G2FQKeq78nUqqMmarAdioKI7PszcT/vE4Cg2s/FWGcAA/ZYtEgkRgiPAsC94XmDOTUEsq0sLdiNqKaMrBxFW0IZPnlVdK8rBCvQu6r5dpNHkcBnaBTdI4IukI1dIfqqIEYmqBn9IrenMx5cd6dj0XrmpPPHKM/cD5/AHdak2U=</latexit><latexit sha1_base64="L2EZTnzvdahcYYm/Xwa7NIfUuZw=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwYtlIQb0VvHisYD+gXUs2TdvQZHdJZqVl2b/ixYMiXv0j3vw3pu0etPXBwOO9GWbmBbEUBjzv21lb39jc2i7sFHf39g8O3aNS00SJZrzBIhnpdkANlyLkDRAgeTvWnKpA8lYwvp35rSeujYjCB5jG3Fd0GIqBYBSs1HNLxHtML0g1w13gE0ixynpu2at4c+BVQnJSRjnqPfer249YongITFJjOsSLwU+pBsEkz4rdxPCYsjEd8o6lIVXc+On89gyfWaWPB5G2FQKeq78nUqqMmarAdioKI7PszcT/vE4Cg2s/FWGcAA/ZYtEgkRgiPAsC94XmDOTUEsq0sLdiNqKaMrBxFW0IZPnlVdK8rBCvQu6r5dpNHkcBnaBTdI4IukI1dIfqqIEYmqBn9IrenMx5cd6dj0XrmpPPHKM/cD5/AHdak2U=</latexit><latexit sha1_base64="L2EZTnzvdahcYYm/Xwa7NIfUuZw=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwYtlIQb0VvHisYD+gXUs2TdvQZHdJZqVl2b/ixYMiXv0j3vw3pu0etPXBwOO9GWbmBbEUBjzv21lb39jc2i7sFHf39g8O3aNS00SJZrzBIhnpdkANlyLkDRAgeTvWnKpA8lYwvp35rSeujYjCB5jG3Fd0GIqBYBSs1HNLxHtML0g1w13gE0ixynpu2at4c+BVQnJSRjnqPfer249YongITFJjOsSLwU+pBsEkz4rdxPCYsjEd8o6lIVXc+On89gyfWaWPB5G2FQKeq78nUqqMmarAdioKI7PszcT/vE4Cg2s/FWGcAA/ZYtEgkRgiPAsC94XmDOTUEsq0sLdiNqKaMrBxFW0IZPnlVdK8rBCvQu6r5dpNHkcBnaBTdI4IukI1dIfqqIEYmqBn9IrenMx5cd6dj0XrmpPPHKM/cD5/AHdak2U=</latexit>

10�18 m
<latexit sha1_base64="/zIzYGR55NvBPaEwbdw1A9nnDK0=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwYtmIYL0VvHisYD+gXUs2TdvQZHdJZqVl2b/ixYMiXv0j3vw3pu0etPXBwOO9GWbmBbEUBjzv21lb39jc2i7sFHf39g8O3aNS00SJZrzBIhnpdkANlyLkDRAgeTvWnKpA8lYwvp35rSeujYjCB5jG3Fd0GIqBYBSs1HNLxHtML0g1w13gE0ixynpu2at4c+BVQnJSRjnqPfer249YongITFJjOsSLwU+pBsEkz4rdxPCYsjEd8o6lIVXc+On89gyfWaWPB5G2FQKeq78nUqqMmarAdioKI7PszcT/vE4Cg6qfijBOgIdssWiQSAwRngWB+0JzBnJqCWVa2FsxG1FNGdi4ijYEsvzyKmleVohXIfdX5dpNHkcBnaBTdI4IukY1dIfqqIEYmqBn9IrenMx5cd6dj0XrmpPPHKM/cD5/AH2Wk2k=</latexit><latexit sha1_base64="/zIzYGR55NvBPaEwbdw1A9nnDK0=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwYtmIYL0VvHisYD+gXUs2TdvQZHdJZqVl2b/ixYMiXv0j3vw3pu0etPXBwOO9GWbmBbEUBjzv21lb39jc2i7sFHf39g8O3aNS00SJZrzBIhnpdkANlyLkDRAgeTvWnKpA8lYwvp35rSeujYjCB5jG3Fd0GIqBYBSs1HNLxHtML0g1w13gE0ixynpu2at4c+BVQnJSRjnqPfer249YongITFJjOsSLwU+pBsEkz4rdxPCYsjEd8o6lIVXc+On89gyfWaWPB5G2FQKeq78nUqqMmarAdioKI7PszcT/vE4Cg6qfijBOgIdssWiQSAwRngWB+0JzBnJqCWVa2FsxG1FNGdi4ijYEsvzyKmleVohXIfdX5dpNHkcBnaBTdI4IukY1dIfqqIEYmqBn9IrenMx5cd6dj0XrmpPPHKM/cD5/AH2Wk2k=</latexit><latexit sha1_base64="/zIzYGR55NvBPaEwbdw1A9nnDK0=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwYtmIYL0VvHisYD+gXUs2TdvQZHdJZqVl2b/ixYMiXv0j3vw3pu0etPXBwOO9GWbmBbEUBjzv21lb39jc2i7sFHf39g8O3aNS00SJZrzBIhnpdkANlyLkDRAgeTvWnKpA8lYwvp35rSeujYjCB5jG3Fd0GIqBYBSs1HNLxHtML0g1w13gE0ixynpu2at4c+BVQnJSRjnqPfer249YongITFJjOsSLwU+pBsEkz4rdxPCYsjEd8o6lIVXc+On89gyfWaWPB5G2FQKeq78nUqqMmarAdioKI7PszcT/vE4Cg6qfijBOgIdssWiQSAwRngWB+0JzBnJqCWVa2FsxG1FNGdi4ijYEsvzyKmleVohXIfdX5dpNHkcBnaBTdI4IukY1dIfqqIEYmqBn9IrenMx5cd6dj0XrmpPPHKM/cD5/AH2Wk2k=</latexit><latexit sha1_base64="/zIzYGR55NvBPaEwbdw1A9nnDK0=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwYtmIYL0VvHisYD+gXUs2TdvQZHdJZqVl2b/ixYMiXv0j3vw3pu0etPXBwOO9GWbmBbEUBjzv21lb39jc2i7sFHf39g8O3aNS00SJZrzBIhnpdkANlyLkDRAgeTvWnKpA8lYwvp35rSeujYjCB5jG3Fd0GIqBYBSs1HNLxHtML0g1w13gE0ixynpu2at4c+BVQnJSRjnqPfer249YongITFJjOsSLwU+pBsEkz4rdxPCYsjEd8o6lIVXc+On89gyfWaWPB5G2FQKeq78nUqqMmarAdioKI7PszcT/vE4Cg6qfijBOgIdssWiQSAwRngWB+0JzBnJqCWVa2FsxG1FNGdi4ijYEsvzyKmleVohXIfdX5dpNHkcBnaBTdI4IukY1dIfqqIEYmqBn9IrenMx5cd6dj0XrmpPPHKM/cD5/AH2Wk2k=</latexit>

104 m
<latexit sha1_base64="XiQuiwy32pEdgTg8qKMiUzTmyqU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiMYB6QF7OT2WTI7Owy06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lx1IYdN1vJ7e2vrG5ld8u7Ozu7R8UD48aJko043UWyUi3fGq4FIrXUaDkrVhzGvqSN/3xzcxvPnBtRKTucRLzbkiHSgSCUbRSz3N7FdJB/oQpCaf9Ysktu3OQVeJlpAQZav3iV2cQsSTkCpmkxrQ9N8ZuSjUKJvm00EkMjykb0yFvW6poyE03nV89JWdWGZAg0rYUkrn6eyKloTGT0LedIcWRWfZm4n9eO8HgqpsKFSfIFVssChJJMCKzCMhAaM5QTiyhTAt7K2EjqilDG1TBhuAtv7xKGhdlzy17d5VS9TqLIw8ncArn4MElVOEWalAHBhqe4RXenEfnxXl3PhatOSebOYY/cD5/AFFekbY=</latexit><latexit sha1_base64="XiQuiwy32pEdgTg8qKMiUzTmyqU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiMYB6QF7OT2WTI7Owy06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lx1IYdN1vJ7e2vrG5ld8u7Ozu7R8UD48aJko043UWyUi3fGq4FIrXUaDkrVhzGvqSN/3xzcxvPnBtRKTucRLzbkiHSgSCUbRSz3N7FdJB/oQpCaf9Ysktu3OQVeJlpAQZav3iV2cQsSTkCpmkxrQ9N8ZuSjUKJvm00EkMjykb0yFvW6poyE03nV89JWdWGZAg0rYUkrn6eyKloTGT0LedIcWRWfZm4n9eO8HgqpsKFSfIFVssChJJMCKzCMhAaM5QTiyhTAt7K2EjqilDG1TBhuAtv7xKGhdlzy17d5VS9TqLIw8ncArn4MElVOEWalAHBhqe4RXenEfnxXl3PhatOSebOYY/cD5/AFFekbY=</latexit><latexit sha1_base64="XiQuiwy32pEdgTg8qKMiUzTmyqU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiMYB6QF7OT2WTI7Owy06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lx1IYdN1vJ7e2vrG5ld8u7Ozu7R8UD48aJko043UWyUi3fGq4FIrXUaDkrVhzGvqSN/3xzcxvPnBtRKTucRLzbkiHSgSCUbRSz3N7FdJB/oQpCaf9Ysktu3OQVeJlpAQZav3iV2cQsSTkCpmkxrQ9N8ZuSjUKJvm00EkMjykb0yFvW6poyE03nV89JWdWGZAg0rYUkrn6eyKloTGT0LedIcWRWfZm4n9eO8HgqpsKFSfIFVssChJJMCKzCMhAaM5QTiyhTAt7K2EjqilDG1TBhuAtv7xKGhdlzy17d5VS9TqLIw8ncArn4MElVOEWalAHBhqe4RXenEfnxXl3PhatOSebOYY/cD5/AFFekbY=</latexit><latexit sha1_base64="XiQuiwy32pEdgTg8qKMiUzTmyqU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiMYB6QF7OT2WTI7Owy06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lx1IYdN1vJ7e2vrG5ld8u7Ozu7R8UD48aJko043UWyUi3fGq4FIrXUaDkrVhzGvqSN/3xzcxvPnBtRKTucRLzbkiHSgSCUbRSz3N7FdJB/oQpCaf9Ysktu3OQVeJlpAQZav3iV2cQsSTkCpmkxrQ9N8ZuSjUKJvm00EkMjykb0yFvW6poyE03nV89JWdWGZAg0rYUkrn6eyKloTGT0LedIcWRWfZm4n9eO8HgqpsKFSfIFVssChJJMCKzCMhAaM5QTiyhTAt7K2EjqilDG1TBhuAtv7xKGhdlzy17d5VS9TqLIw8ncArn4MElVOEWalAHBhqe4RXenEfnxXl3PhatOSebOYY/cD5/AFFekbY=</latexit>

1021 m
<latexit sha1_base64="1g1p5UQb+m6aZyHrFrbh7k+wEo8=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVDZFUG8FLx4r2A9oa8mm2TY0m12SWbWs+1O8eFDEq7/Em//GtN2Dtj4YeLw3w8w8P5bCgOd9Oyura+sbm4Wt4vbO7t6+WzpomijRjDdYJCPd9qnhUijeAAGSt2PNaehL3vLHV1O/dc+1EZG6hUnMeyEdKhEIRsFKfbdEvLu0SjLcBf4IKQ6zvlv2Kt4MeJmQnJRRjnrf/eoOIpaEXAGT1JgO8WLopVSDYJJnxW5ieEzZmA55x1JFQ2566ez0DJ9YZYCDSNtSgGfq74mUhsZMQt92hhRGZtGbiv95nQSCi14qVJwAV2y+KEgkhghPc8ADoTkDObGEMi3srZiNqKYMbFpFGwJZfHmZNKsV4lXIzVm5dpnHUUBH6BidIoLOUQ1dozpqIIYe0DN6RW/Ok/PivDsf89YVJ585RH/gfP4AB2OTLA==</latexit><latexit sha1_base64="1g1p5UQb+m6aZyHrFrbh7k+wEo8=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVDZFUG8FLx4r2A9oa8mm2TY0m12SWbWs+1O8eFDEq7/Em//GtN2Dtj4YeLw3w8w8P5bCgOd9Oyura+sbm4Wt4vbO7t6+WzpomijRjDdYJCPd9qnhUijeAAGSt2PNaehL3vLHV1O/dc+1EZG6hUnMeyEdKhEIRsFKfbdEvLu0SjLcBf4IKQ6zvlv2Kt4MeJmQnJRRjnrf/eoOIpaEXAGT1JgO8WLopVSDYJJnxW5ieEzZmA55x1JFQ2566ez0DJ9YZYCDSNtSgGfq74mUhsZMQt92hhRGZtGbiv95nQSCi14qVJwAV2y+KEgkhghPc8ADoTkDObGEMi3srZiNqKYMbFpFGwJZfHmZNKsV4lXIzVm5dpnHUUBH6BidIoLOUQ1dozpqIIYe0DN6RW/Ok/PivDsf89YVJ585RH/gfP4AB2OTLA==</latexit><latexit sha1_base64="1g1p5UQb+m6aZyHrFrbh7k+wEo8=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVDZFUG8FLx4r2A9oa8mm2TY0m12SWbWs+1O8eFDEq7/Em//GtN2Dtj4YeLw3w8w8P5bCgOd9Oyura+sbm4Wt4vbO7t6+WzpomijRjDdYJCPd9qnhUijeAAGSt2PNaehL3vLHV1O/dc+1EZG6hUnMeyEdKhEIRsFKfbdEvLu0SjLcBf4IKQ6zvlv2Kt4MeJmQnJRRjnrf/eoOIpaEXAGT1JgO8WLopVSDYJJnxW5ieEzZmA55x1JFQ2566ez0DJ9YZYCDSNtSgGfq74mUhsZMQt92hhRGZtGbiv95nQSCi14qVJwAV2y+KEgkhghPc8ADoTkDObGEMi3srZiNqKYMbFpFGwJZfHmZNKsV4lXIzVm5dpnHUUBH6BidIoLOUQ1dozpqIIYe0DN6RW/Ok/PivDsf89YVJ585RH/gfP4AB2OTLA==</latexit><latexit sha1_base64="1g1p5UQb+m6aZyHrFrbh7k+wEo8=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVDZFUG8FLx4r2A9oa8mm2TY0m12SWbWs+1O8eFDEq7/Em//GtN2Dtj4YeLw3w8w8P5bCgOd9Oyura+sbm4Wt4vbO7t6+WzpomijRjDdYJCPd9qnhUijeAAGSt2PNaehL3vLHV1O/dc+1EZG6hUnMeyEdKhEIRsFKfbdEvLu0SjLcBf4IKQ6zvlv2Kt4MeJmQnJRRjnrf/eoOIpaEXAGT1JgO8WLopVSDYJJnxW5ieEzZmA55x1JFQ2566ez0DJ9YZYCDSNtSgGfq74mUhsZMQt92hhRGZtGbiv95nQSCi14qVJwAV2y+KEgkhghPc8ADoTkDObGEMi3srZiNqKYMbFpFGwJZfHmZNKsV4lXIzVm5dpnHUUBH6BidIoLOUQ1dozpqIIYe0DN6RW/Ok/PivDsf89YVJ585RH/gfP4AB2OTLA==</latexit>

. . .
<latexit sha1_base64="/ooWk2TEjwBT9hJH4Lst+sWgom0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2A9oQ9lsNu3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNirTjLeYkkp3A2q4FAlvoUDJu6nmNA4k7wTj25nfeeLaCJU84CTlfkyHiYgEo2ildl+GCs2gWnPr7hxklXgFqUGB5qD61Q8Vy2KeIJPUmJ7npujnVK Ngkk8r/czwlLIxHfKepQmNufHz+bVTcmaVkERK20qQzNXfEzmNjZnEge2MKY7MsjcT//N6GUbXfi6SNEOesMWiKJMEFZm9TkKhOUM5sYQyLeythI2opgxtQBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYweIRneIU3RzkvzrvzsWgtOcXMMfyB8/kDuWqPLw==</latexit><latexit sha1_base64="/ooWk2TEjwBT9hJH4Lst+sWgom0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2A9oQ9lsNu3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNirTjLeYkkp3A2q4FAlvoUDJu6nmNA4k7wTj25nfeeLaCJU84CTlfkyHiYgEo2ildl+GCs2gWnPr7hxklXgFqUGB5qD61Q8Vy2KeIJPUmJ7npujnVK Ngkk8r/czwlLIxHfKepQmNufHz+bVTcmaVkERK20qQzNXfEzmNjZnEge2MKY7MsjcT//N6GUbXfi6SNEOesMWiKJMEFZm9TkKhOUM5sYQyLeythI2opgxtQBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYweIRneIU3RzkvzrvzsWgtOcXMMfyB8/kDuWqPLw==</latexit><latexit sha1_base64="/ooWk2TEjwBT9hJH4Lst+sWgom0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2A9oQ9lsNu3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNirTjLeYkkp3A2q4FAlvoUDJu6nmNA4k7wTj25nfeeLaCJU84CTlfkyHiYgEo2ildl+GCs2gWnPr7hxklXgFqUGB5qD61Q8Vy2KeIJPUmJ7npujnVK Ngkk8r/czwlLIxHfKepQmNufHz+bVTcmaVkERK20qQzNXfEzmNjZnEge2MKY7MsjcT//N6GUbXfi6SNEOesMWiKJMEFZm9TkKhOUM5sYQyLeythI2opgxtQBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYweIRneIU3RzkvzrvzsWgtOcXMMfyB8/kDuWqPLw==</latexit><latexit sha1_base64="/ooWk2TEjwBT9hJH4Lst+sWgom0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2A9oQ9lsNu3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNirTjLeYkkp3A2q4FAlvoUDJu6nmNA4k7wTj25nfeeLaCJU84CTlfkyHiYgEo2ildl+GCs2gWnPr7hxklXgFqUGB5qD61Q8Vy2KeIJPUmJ7npujnVK Ngkk8r/czwlLIxHfKepQmNufHz+bVTcmaVkERK20qQzNXfEzmNjZnEge2MKY7MsjcT//N6GUbXfi6SNEOesMWiKJMEFZm9TkKhOUM5sYQyLeythI2opgxtQBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYweIRneIU3RzkvzrvzsWgtOcXMMfyB8/kDuWqPLw==</latexit>



Stari Grki, 
Indija, Islam

Klasična 
fizika

Moderna 
fizika

Post-Moderna 
fizika?

Radioaktivnost
elektron

Demokrit, ...

Newton

Maxwell

Planck, Einstein,...

Bohr, Dirac, Pauli, 

Fermi,...

Schwinger, 

Feynman, ...

Weinberg

‘t Hooft

...veliko veliko drugih

Teorija - Fizika delcev

<latexit sha1_base64="QQNnaY6zdDfjDjMLDjbAar/ZvA4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuxNct6MVjBPOA7BJmJ7PJkJnZZWZWCEt+w4sHRbz6M978GyfJHjSxoKGo6qa7K0w408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdju6mfvuJKs1i+WjGCQ0EHkgWMYKNlXxfM4H8M+TduG6vXHGr7gxomXg5qUCORq/85fdjkgoqDeFY667nJibIsDKMcDop+ammCSYjPKBdSyUWVAfZ7OYJOrFKH0WxsiUNmqm/JzIstB6L0HYKbIZ60ZuK/3nd1ETXQcZkkhoqyXxRlHJkYjQNAPWZosTwsSWYKGZvRWSIFSbGxlSyIXiLLy+T1nnVu6xePNQq9ds8jiIcwTGcggdXUId7aEATCCTwDK/w5qTOi/PufMxbC04+cwh/4Hz+AL6tkDM=</latexit>⇠ 1900
<latexit sha1_base64="FJ15KOQCurUiWPuRnLQDm5xbVJg=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4MeyKUY9BLx4jmAckS5id9CZDZh/M9AbDkj/x4kERr/6JN//GSbIHTSxoKKq66e7yEyk0Os63tbK6tr6xWdgqbu/s7u3bB4cNHaeKQ53HMlYtn2mQIoI6CpTQShSw0JfQ9Id3U785AqVFHD3iOAEvZP1IBIIzNFLXts8rjkM7CE+YUQk46dolp+zMQJeJm5MSyVHr2l+dXszTECLkkmnddp0EvYwpFFzCpNhJNSSMD1kf2oZGLATtZbPLJ/TUKD0axMpUhHSm/p7IWKj1OPRNZ8hwoBe9qfif104xuPEyESUpQsTni4JUUozpNAbaEwo4yrEhjCthbqV8wBTjaMIqmhDcxZeXSeOi7F6VKw+XpeptHkeBHJMTckZcck2q5J7USJ1wMiLP5JW8WZn1Yr1bH/PWFSufOSJ/YH3+AB2WkrU=</latexit>

�500 let
<latexit sha1_base64="mNbj4JtpTNMnLbbl9/W5a5MfEig=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGCeUCyhNnJbDJkdnad6RXCkp/w4kERr/6ON//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecJxwP6IDJULBKFqpXXW9Kuli3CuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx274ScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMps+TvtCcoRxbQpkW9lbChlRThjaiog3BW3x5mTSrFe+ycnF/Xq7d5HEU4BhO4Aw8uIIa3EEdGsBAwjO8wpvz6Lw4787HvHXFyWeO4A+czx96ko74</latexit>

2012 !



Teorija - Fizika delcev

Nevtrini!



Mase delcev

<latexit sha1_base64="bvjSD1uV0LC5/bouEjNCeAER3lE=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgET2EmGPUiBL14ESKYBZIYejqVpEnPQneNGIbgxV/x4kERr36FN//GznLQxAcFj/eqqKrnRVJodJxvK7WwuLS8kl7NrK1vbG7Z2zsVHcaKQ5mHMlQ1j2mQIoAyCpRQixQw35NQ9fqXI796D0qLMLjFQQRNn3UD0RGcoZFa9p7fAsrv8vScOrkCbSA8YEKvoTJs2Vkn54xB54k7JVkyRallfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMn5hSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF2zpqJCKIYIeCTRZ1YUgzpKA/aFgo4yoEhjCthbqW8xxTjaFLLmBDc2ZfnSSWfc09yhZvjbPFiGkea7JMDckRcckqK5IqUSJlw8kieySt5s56sF+vd+pi0pqzpzC75A+vzByn9lWQ=</latexit>

mec
2 = 0.5 MeV

<latexit sha1_base64="Wp1JmKAh2L91n1ZQX2IkdEx0ho4=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcyEaLwIQQ96jGAWSGLo6VSSJj0L3TViGIIXf8WLB0W8+hXe/Bs7y0ETHxQ83quiqp4XSaHRcb6thcWl5ZXV1Fp6fWNza9ve2a3oMFYcyjyUoap5TIMUAZRRoIRapID5noSq178c+dV7UFqEwS0OImj6rBuIjuAMjdSy9/0WUn6Xo+fULeRpA+EBE3oFlWHLzjhZZww6T9wpyZApSi37q9EOeexDgFwyreuuE2EzYQoFlzBMN2INEeN91oW6oQHzQTeT8QtDemSUNu2EylRgLhqpvycS5ms98D3T6TPs6VlvJP7n1WPsnDUTEUQxQsAnizqxpBjSUR60LRRwlANDGFfC3Ep5jynG0aSWNiG4sy/Pk0ou655mT27ymeLFNI4UOSCH5Ji4pECK5JqUSJlw8kieySt5s56sF+vd+pi0LljTmT3yB9bnD0b0lXY=</latexit>

mtc
2 = 174 GeV

<latexit sha1_base64="n1gWPToFAwNNMWIGi+YkhzduDsM=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcyERL0IQQ96jGAWSGLo6VSSJj0L3TViGIIXf8WLB0W8+hXe/Bs7y0ETHxQ83quiqp4XSaHRcb6thcWl5ZXV1Fp6fWNza9ve2a3oMFYcyjyUoap5TIMUAZRRoIRapID5noSq178c+dV7UFqEwS0OImj6rBuIjuAMjdSy9/2WR/ldjp7TfLZAGwgPmNArqAxbdsbJOmPQeeJOSYZMUWrZX412yGMfAuSSaV13nQibCVMouIRhuhFriBjvsy7UDQ2YD7qZjF8Y0iOjtGknVKYCpGP190TCfK0Hvmc6fYY9PeuNxP+8eoyds2YigihGCPhkUSeWFEM6yoO2hQKOcmAI40qYWynvMcU4mtTSJgR39uV5Usll3ZNs4SafKV5M40iRA3JIjolLTkmRXJMSKRNOHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8ASJNlV8=</latexit>

mbc
2 = 4.5 GeV

<latexit sha1_base64="YZbPKBmJ/INqEbAfj2+uBR+t8E0=">AAACCnicbVC5TgMxEPVyhnAFKGkMERJVtIu4yggayiCRQ8qGyOtMwML2ruxZRLRKTcOv0FCAEC1fQMff4BwFJDxppKf3ZjQzL0qksOj7397M7Nz8wmJuKb+8srq2XtjYrNk4NRyqPJaxaUTMghQaqihQQiMxwFQkoR7dnQ/8+j0YK2J9hb0EWordaNEVnKGT2oUd1Q51Svn1AQ0lWGuFon4poCHCA2YUav12oeiX/CHoNAnGpEjGqLQLX2En5qkCjVwya5uBn2ArYwYFl9DPh6mFhPE7dgNNRzVTYFvZ8JU+3XNKh3Zj40ojHaq/JzKmrO2pyHUqhrd20huI/3nNFLunrUzoJEXQfLSom0qKMR3kQjvCAEfZc4RxI9ytlN8ywzi69PIuhGDy5WlSOygFx6Wjy8Ni+WwcR45sk12yTwJyQsrkglRIlXDySJ7JK3nznrwX7937GLXOeOOZLfIH3ucPPS+ZXA==</latexit>

m⌫c
2 . 0.1 eV

<latexit sha1_base64="B9tfzbbrRFgu9oxZbhCNy5t2YyY=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCylJ8bURCiq4rGDaQhrLZHrTDp08mJkIJdSNv+LGhSJu/Qt3/o3TNgttPXC5h3PuZeYeP+FMKsv6NubmFxaXlgsrxdW19Y1Nc2u7LuNUUHBozGPR9IkEziJwFFMcmokAEvocGn7/cuQ3HkBIFkd3apCAF5JuxAJGidJS29y9xhc4xPS+ojtgB7eOsAu47rXNklW2xsCzxM5JCeWotc2vViemaQiRopxI6dpWoryMCMUoh2GxlUpICO2TLriaRiQE6WXjC4b4QCsdHMRCV6TwWP29kZFQykHo68mQqJ6c9kbif56bquDcy1iUpAoiOnkoSDlWMR7FgTtMAFV8oAmhgum/YtojglClQyvqEOzpk2dJvVK2T8snt8el6lUeRwHtoX10iGx0hqroBtWQgyh6RM/oFb0ZT8aL8W58TEbnjHxnB/2B8fkDR36Tmw==</latexit>

E = mc2 = eU [eV ]

kinematika - magnetno polje

oscilacije



elektron
elektron

foton

Brezmasni prenašalec, 
neskončen doseg

Interakcija je izmenjava delcev



Interakcija je simetrija



Interakcija je simetrija

Simetrične rešitve, 
osnovno stanje

Brezmasni prenašalec, 
neskončen doseg



Interakcija je simetrija

Asimetrične rešitve, 
osnovno stanje

Masivni prenašalec, 
končen doseg



Interakcija je simetrija

Masivni prenašalec, 
končen doseg

proton

nevtrino

W bozon

nevtron

pozitron

<latexit sha1_base64="XBNc9OPuiheAfi5p+5zV6c8s4OI=">AAAB+nicbVDLSsNAFJ3UV62vVJduBosgCCURX8uCLlxWsA9oYphMb9qhk0mYmSgl9lPcuFDErV/izr9x+lho64ELh3Pu5d57wpQzpR3n2yosLa+srhXXSxubW9s7dnm3qZJMUmjQhCeyHRIFnAloaKY5tFMJJA45tMLB1dhvPYBULBF3epiCH5OeYBGjRBspsMsp9nSCBYb7Y+yJLIDArjhVZwK8SNwZqaAZ6oH95XUTmsUgNOVEqY7rpNrPidSMchiVvExBSuiA9KBjqCAxKD+fnD7Ch0bp4iiRpoTGE/X3RE5ipYZxaDpjovtq3huL/3mdTEeXfs5EmmkQdLooyjg2z45zwF0mgWo+NIRQycytmPaJJFSbtEomBHf+5UXSPKm659Wz29NK7XoWRxHtowN0hFx0gWroBtVRA1H0iJ7RK3qznqwX6936mLYWrNnMHvoD6/MHkl6S7w==</latexit>

p ! ne+⌫eBeta razpad



Odprta vprašanja - nova fizika?

Nevtrini Temna
snov

Snov >
anti-snov



⌫



Higgs⌫

LHC



Higgs⌫

LHC



Nevtrino izvori v naravi

<latexit sha1_base64="TU5YaZ8p2vjGcvgDnlNqyM5gBnM=">AAAB73icbVDJSgNBEK1xjXGLevTSGAQPEmYkLseIF8FLBLNAMoaeTidp0tMzdtcIYQj4DV48KOLV3/Hm39hZDpr4oODxXhVV9YJYCoOu++0sLC4tr6xm1rLrG5tb27md3aqJEs14hUUy0vWAGi6F4hUUKHk91pyGgeS1oH818muPXBsRqTscxNwPaVeJjmAUrVRvHt+nRXd408rl3YI7Bpkn3pTkYYpyK/fVbEcsCblCJqkxDc+N0U+pRsEkH2abieExZX3a5Q1LFQ258dPxvUNyaJU26UTalkIyVn9PpDQ0ZhAGtjOk2DOz3kj8z2sk2LnwU6HiBLlik0WdRBKMyOh50haaM5QDSyjTwt5KWI9qytBGlLUheLMvz5PqScE7K5zeFvOly6dJHBnYhwM4Ag/OoQTXUIYKMJDwDK/w5jw4L8678zFpXXCmEe7BHzifP0J4j+A=</latexit>

40K



Nevtrino izvori v naravi

Pospeševalniki: CERN v Gran Sasso

tarča

<latexit sha1_base64="adA7+gLZJGWbmLrhDXk0PAeD5oI=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJlgEF1JmxNuyoAuXFewFOmPJpJk2NMmEJCMMQ30VNy4UceuDuPNtTNtZaOsPgY//nMM5+SPJqDae9+0sLa+srq2XNsqbW9s7u+7efksnqcKkiROWqE6ENGFUkKahhpGOVATxiJF2NLqe1NuPRGmaiHuTSRJyNBA0phgZa/XcijiBgaQPeSD5eIZez616NW8quAh+AVVQqNFzv4J+glNOhMEMad31PWnCHClDMSPjcpBqIhEeoQHpWhSIEx3m0+PH8Mg6fRgnyj5h4NT9PZEjrnXGI9vJkRnq+drE/K/WTU18FeZUyNQQgWeL4pRBk8BJErBPFcGGZRYQVtTeCvEQKYSNzatsQ/Dnv7wIrdOaf1E7vzur1m+KOErgAByCY+CDS1AHt6ABmgCDDDyDV/DmPDkvzrvzMWtdcoqZCvgj5/MHbzqUAg==</latexit>

n,⇡±,⇡0
<latexit sha1_base64="X2t9nmt5F68rCPKj4MVJI4/SkZo=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2NADx4jmgWSMfR0apImPT1Dd48QhnyCFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dnJLyyura/n1wsbm1vZOcXevruNUMayxWMSqGVCNgkusGW4ENhOFNAoENoLB9dhvPKHSPJYPZpigH9Ge5CFn1FjpPnk86RRLbtmdgCwSb0ZKMEO1U/xqd2OWRigNE1Trlucmxs+oMpwJHBXaqcaEsgHtYctSSSPUfjY5dUSOrNIlYaxsSUMm6u+JjEZaD6PAdkbU9PW8Nxb/81qpCa/8jMskNSjZdFGYCmJiMv6bdLlCZsTQEsoUt7cS1qeKMmPTKdgQvPmXF0n9tOxdlM/vzkqVm1kceTiAQzgGDy6hArdQhRow6MEzvMKbI5wX5935mLbmnNnMPvyB8/kD+K6NnQ==</latexit>

p+
<latexit sha1_base64="hbYOpOZTVTOQQ6vYXPpBalEeNC0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NADx4jGBPILmF2MpsMmZld5iGEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQlsk5anqxFhTziRtGWY47WSKYhFz2o5HN1O//USVZql8MOOMRgIPJEsYwcZJ7VDaXihsr1rz6/4MaJkEBalBgWav+hX2U2IFlYZwrHU38DMT5VgZRjidVEKraYbJCA9o11GJBdVRPjt3gk6c0kdJqlxJg2bq74kcC63HInadApuhXvSm4n9e15rkOsqZzKyhkswXJZYjk6Lp76jPFCWGjx3BRDF3KyJDrDAxLqGKCyFYfHmZPJ7Vg8v6xf15rXFbxFGGIziGUwjgChpwB01oAYERPMMrvHmZ9+K9ex/z1pJXzBzCH3ifP2/Ij6g=</latexit>⌫µ

<latexit sha1_base64="YCDuk7cGSQ9py0uKGZCiDvi9V80=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMqu1I9jQQ8eK7htoV1LNs22oUl2SbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1i+WDGCQ0EHkgWMYKNlfyuSB/PeuWKW3VnQMvEy0kFcjR65a9uPyapoNIQjrXueG5iggwrwwink1I31TTBZIQHtGOpxILqIJsdO0EnVumjKFa2pEEz9fdEhoXWYxHaToHNUC96U/E/r5Oa6DrImExSQyWZL4pSjkyMpp+jPlOUGD62BBPF7K2IDLHCxNh8SjYEb/HlZdI8r3qX1Yv7WqV+m8dRhCM4hlPw4ArqcAcN8IEAg2d4hTdHOi/Ou/Mxby04+cwh/IHz+QN9l45/</latexit>

µ+

<latexit sha1_base64="rRsKXlTga4ysm11lcjsgnEeFgG0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBi2VX6sexoAePFdy20K4lm2bb0CS7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NRxqgj1Scxj1Q6xppxJ6htmOG0nimIRctoKRzdTv/VElWaxfDDjhAYCDySLGMHGSn5XpI9nvXLFrbozoGXi5aQCORq98le3H5NUUGkIx1p3PDcxQYaVYYTTSambappgMsID2rFUYkF1kM2OnaATq/RRFCtb0qCZ+nsiw0LrsQhtp8BmqBe9qfif10lNdB1kTCapoZLMF0UpRyZG089RnylKDB9bgoli9lZEhlhhYmw+JRuCt/jyMmmeV73L6sV9rVK/zeMowhEcwyl4cAV1uIMG+ECAwTO8wpsjnRfn3fmYtxacfOYQ/sD5/AGAn46B</latexit>

µ�

beton

<latexit sha1_base64="5v5Xtq/O++Hv3XtUs/nnM19F79w=">AAAB+nicbVDJSgNBEO2JW4zbRI9eGoPgKcyI2zGgoscIZoFMCD2dStKkZ6G7Rg1jPsWLB0W8+iXe/Bs7yRw0+qDg8V4VVfX8WAqNjvNl5RYWl5ZX8quFtfWNzS27uF3XUaI41HgkI9X0mQYpQqihQAnNWAELfAkNf3g+8Rt3oLSIwlscxdAOWD8UPcEZGqljFy+pp0VAPYQHTK+gPu7YJafsTEH/EjcjJZKh2rE/vW7EkwBC5JJp3XKdGNspUyi4hHHBSzTEjA9ZH1qGhiwA3U6np4/pvlG6tBcpUyHSqfpzImWB1qPAN50Bw4Ge9ybif14rwd5ZOxVhnCCEfLaol0iKEZ3kQLtCAUc5MoRxJcytlA+YYhxNWgUTgjv/8l9SPyy7J+Xjm6NS5SKLI092yR45IC45JRVyTaqkRji5J0/khbxaj9az9Wa9z1pzVjazQ37B+vgGqxyTpg==</latexit>

E ⇠ GeV

Fermilab v SURF



Nevtrino izvori v naravi

Reaktorji
<latexit sha1_base64="XBNc9OPuiheAfi5p+5zV6c8s4OI=">AAAB+nicbVDLSsNAFJ3UV62vVJduBosgCCURX8uCLlxWsA9oYphMb9qhk0mYmSgl9lPcuFDErV/izr9x+lho64ELh3Pu5d57wpQzpR3n2yosLa+srhXXSxubW9s7dnm3qZJMUmjQhCeyHRIFnAloaKY5tFMJJA45tMLB1dhvPYBULBF3epiCH5OeYBGjRBspsMsp9nSCBYb7Y+yJLIDArjhVZwK8SNwZqaAZ6oH95XUTmsUgNOVEqY7rpNrPidSMchiVvExBSuiA9KBjqCAxKD+fnD7Ch0bp4iiRpoTGE/X3RE5ipYZxaDpjovtq3huL/3mdTEeXfs5EmmkQdLooyjg2z45zwF0mgWo+NIRQycytmPaJJFSbtEomBHf+5UXSPKm659Wz29NK7XoWRxHtowN0hFx0gWroBtVRA1H0iJ7RK3qznqwX6936mLYWrNnMHvoD6/MHkl6S7w==</latexit>

p ! ne+⌫e

<latexit sha1_base64="sBXJtFTMN7cqV1CGdSn4NaAG08k=">AAAB/nicbZBLSwMxFIUzPmt9VcWVm2ARXJUZ8bWsiOBGqGAf0Cklk962oZnMkNwRy1DoX3HjQhG3/g53/hvTx0JbDwQ+zrkhNyeIpTDout/OwuLS8spqZi27vrG5tZ3b2a2YKNEcyjySka4FzIAUCsooUEIt1sDCQEI16F2P8uojaCMi9YD9GBoh6yjRFpyhtZq5/ZumrxLqGxFSH+EJ0zuoDJq5vFtwx6Lz4E0hT6YqNXNffiviSQgKuWTG1D03xkbKNAouYZD1EwMx4z3WgbpFxUIwjXS8/oAeWadF25G2RyEdu79vpCw0ph8GdjJk2DWz2cj8L6sn2L5spELFCYLik4faiaQY0VEXtCU0cJR9C4xrYXelvMs042gby9oSvNkvz0PlpOCdF87uT/PFq+Gkjgw5IIfkmHjkghTJLSmRMuEkJc/klbw5Q+fFeXc+JqMLzrTCPfJHzucP/tOV7w==</latexit>

E⌫ ⇠ MeV

Daya Bay
<latexit sha1_base64="GsUdlnxPjCliKwLV8IhdZp6pY4w="></latexit>

�⌫ ⇠ 1023/sec

<latexit sha1_base64="RrYpGC/HhMXHz7rsD2qJHyIXcqc=">AAACGnicbVDLSgMxFM34rPU16tJNsAhCtcyIr6XixqWC1drOOGTSO21oJjMkGaEMBf/Cjb/ixoUi7sSNf2P6WGj1QMLJOTc3uSdMOVPacb6sicmp6ZnZwlxxfmFxadleWb1SSSYpVGnCE1kLiQLOBFQ10xxqqQQShxyuw85p37++A6lYIi51NwU/Ji3BIkaJNlJgu9727UlQxzXs6QQPDnm97PbwDS5juN0xu5eYBv3+2BNZAIFdcirOAPgvcUekhEY4D+wPr5nQLAahKSdKNVwn1X5OpGaUQ6/oZQpSQjukBQ1DBYlB+flgtB7eNEoTR4k0S2g8UH/eyEmsVDcOTWVMdFuNe33xP6+R6ejIz5lIMw2CDh+KMo5NCv2ccJNJoJp3DSFUMvNXTNtEEqpNmkUTgjs+8l9ytVtxDyr7F3ul45P7YRwFtI420BZy0SE6RmfoHFURRQ/oCb2gV+vRerberPdh6YQ1inAN/YL1+Q0kyJ5L</latexit>

A
ZX ! A

Z+1Y + e� + ⌫e



Nevtrino izvori v naravi

Sonce

Zlivanje jeder

je izvor

nevtrinov

<latexit sha1_base64="sBXJtFTMN7cqV1CGdSn4NaAG08k=">AAAB/nicbZBLSwMxFIUzPmt9VcWVm2ARXJUZ8bWsiOBGqGAf0Cklk962oZnMkNwRy1DoX3HjQhG3/g53/hvTx0JbDwQ+zrkhNyeIpTDout/OwuLS8spqZi27vrG5tZ3b2a2YKNEcyjySka4FzIAUCsooUEIt1sDCQEI16F2P8uojaCMi9YD9GBoh6yjRFpyhtZq5/ZumrxLqGxFSH+EJ0zuoDJq5vFtwx6Lz4E0hT6YqNXNffiviSQgKuWTG1D03xkbKNAouYZD1EwMx4z3WgbpFxUIwjXS8/oAeWadF25G2RyEdu79vpCw0ph8GdjJk2DWz2cj8L6sn2L5spELFCYLik4faiaQY0VEXtCU0cJR9C4xrYXelvMs042gby9oSvNkvz0PlpOCdF87uT/PFq+Gkjgw5IIfkmHjkghTJLSmRMuEkJc/klbw5Q+fFeXc+JqMLzrTCPfJHzucP/tOV7w==</latexit>

E⌫ ⇠ MeV

<latexit sha1_base64="4TBfdNofI3oSs4lJjghW1bf6+Pk=">AAACIXicbZDLSgMxFIYz3q23qks3wSK4qjPF21Jx47KC1UKnlkx6amOTzJCcEctQ8Enc+CpuXCjiTnwZ04ug1h8CX/5zDsn5o0QKi77/4U1MTk3PzM7N5xYWl5ZX8qtrFzZODYcKj2VsqhGzIIWGCgqUUE0MMBVJuIw6J/365S0YK2J9jt0E6opda9ESnKGzGvnDsNwWjVCnNLRC0cD3aYhwhxlVQt4w0+ztDO8W+Ddy1bsqNfIFv+gPRMchGEGBjFRu5N/DZsxTBRq5ZNbWAj/BesYMCi6hlwtTCwnjHXYNNYeaKbD1bLBhj245p0lbsXFHIx24Pycypqztqsh1KoZt+7fWN/+r1VJsHdYzoZMUQfPhQ61UUoxpPy7aFAY4yq4Dxo1wf6W8zQzj6ELNuRCCvyuPw0WpGOwX9852C0fH98M45sgG2STbJCAH5IickjKpEE4eyBN5Ia/eo/fsvXnvw9YJbxThOvkl7/MLw0OkXA==</latexit>

�⌫ ⇠ 100 miljard/sec/cm2



Nevtrino izvori v naravi

Zvezde/galaksije

Črne luknje, pulzarji, Supernove SN1987

<latexit sha1_base64="vwJXpRBmeImYkB58ECa28nTYH8M=">AAACAnicbZBLSwMxFIUzPmt9VV2Jm2ARXJUZ8bWsiOCygn1Ap5RMetuGZjJDckcsQ9GFf8WNC0Xc+ivc+W9MHwttPRD4OOeG5J4glsKg6347c/MLi0vLmZXs6tr6xmZua7tiokRzKPNIRroWMANSKCijQAm1WAMLAwnVoHc5zKt3oI2I1C32Y2iErKNEW3CG1mrmdq+avkqoL8EYI0LqI9xjWoLKoJnLuwV3JDoL3gTyZKJSM/fltyKehKCQS2ZM3XNjbKRMo+ASBlk/MRAz3mMdqFtULATTSEcrDOiBdVq0HWl7FNKR+/tGykJj+mFgJ0OGXTOdDc3/snqC7fNGKlScICg+fqidSIoRHfZBW0IDR9m3wLgW9q+Ud5lmHG1rWVuCN73yLFSOCt5p4eTmOF+8eBzXkSF7ZJ8cEo+ckSK5JiVSJpw8kGfySt6cJ+fFeXc+xqNzzqTCHfJHzucPVbeX0Q==</latexit>

E⌫ . PeV

IceCube observatorij



Nevtrino izvori v naravi

Atmosferski nevtrini

p, n, lahka jedra

<latexit sha1_base64="7s9Lp/a84t0h7uwmhssDgt5p2AA="></latexit>

⇡� ! µ�⌫µ , µ� ! e�⌫e⌫µ

<latexit sha1_base64="YlC0UuFKplBY9fdN8pY4F3wg5dI=">AAACFXicbZDJSgNBEIZ73I1b1KOXxiB4CGFG3I6KCF6ECNkgM4SeTiU29vQM3TViGAI+gxdfxYsHRbwK3nwbOwvi9kPDz1fVVNUfJlIYdN0PZ2Jyanpmdm4+t7C4tLySX12rmTjVHKo8lrFuhMyAFAqqKFBCI9HAolBCPbw6GdTr16CNiFUFewkEEesq0RGcoUWtfPG05auU+kLRpudSH+EGM3oOtX6RUs/9IhVLgla+4Jbcoehf441NgYxVbuXf/XbM0wgUcsmMsSMSDDKmUXAJ/ZyfGkgYv2JdaFqrWAQmyIZX9emWJW3aibV9CumQfv+RsciYXhTazojhpfldG8D/as0UO4dBJlSSIig+GtRJJcWYDiKibaGBo+xZw7gWdlfKL5lmHG2QORuC9/vkv6a2U/L2S3sXu4Wj49tRHHNkg2ySbeKRA3JEzkiZVAknd+SBPJFn5955dF6c11HrhDOOcJ38kPP2CcWxnSE=</latexit>

E⌫ 2 [10 MeV, 100 TeV]

<latexit sha1_base64="OqgXmU3sWkwgK4JOGpzJ2NybM5Y=">AAACGXicbVDLSgMxFM3Ud32NunQTLIKrMlN8LStuXImCVaFThkx6pwaTzJhkhDIM+BVu/BU3LhRxqSv/xrRTQasHAifnnEtyT5Rypo3nfTqVicmp6ZnZuer8wuLSsruyeq6TTFFo0YQn6jIiGjiT0DLMcLhMFRARcbiIrg8H/sUtKM0SeWb6KXQE6UkWM0qMlULXC2JFaH4c5oHMwkBkRfF9gaLAgWYCbnAZahS5X4Ruzat7Q+C/xB+RGhrhJHTfg25CMwHSUE60bvteajo5UYZRDkU1yDSkhF6THrQtlUSA7uTDzQq8aZUujhNljzR4qP6cyInQui8imxTEXOlxbyD+57UzE+93cibTzICk5UNxxrFJ8KAm3GUKqOF9SwhVzP4V0ytiWzC2zKotwR9f+S85b9T93frO6XateXBX1jGL1tEG2kI+2kNNdIROUAtRdI8e0TN6cR6cJ+fVeSujFWdU4Rr6BefjC1wiois=</latexit>

N⌫µ

N⌫e

' 2

1
pričakovana vrednost

<latexit sha1_base64="qsoH7fE9pDk2E/wfTqCUh9D3s08=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi94qGFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqzkd2XWw1615tbdGcgy8QpSgwLNXvWr209YFqM0TFCtO56bmiCnynAmcFLpZhpTykZ0gB1LJY1RB/ns2Ak5sUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroOci7TzKBk80VRJohJyPRz0ucKmRFjSyhT3N5K2JAqyozNp2JD8BZfXiaPZ3Xvsn5xf15r3BVxlOEIjuEUPLiCBtxCE3xgwOEZXuHNkc6L8+58zFtLTjFzCH/gfP4A2gyOwA==</latexit>⌫e
Super-K 
(razpad protona,
SN1987)



Nevtrino izvori v naravi Celotno vesolje!

Cosmic
     Neutrino
          Background

Napovedano, a
še neopažemno



Nevtrino izvori v naravi
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Nevtrino kratka zgodovina eksperimenta

1930 v zmedi glede beta razpada
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se energija 
ne ohranja?

14
6 C ! 14

7 N + e�

1914 Chadwick, ...



Nevtrino kratka zgodovina eksperimenta

1930 v zmedi glede beta razpada Pauli predlaga obstoj nevtrona
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KATRIN
eksperiment



Nevtrino kratka zgodovina eksperimenta

1930 v zmedi glede beta razpada Pauli predlaga obstoj nevtrona
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7 N + e� + ⌫e

nevtrina Fermi



Nevtrino lastnosti

0.00 0.05 0.10 0.15
energija elektrona

in
te
nz
ite
ta

14
6 C ! 14

7 N + e� + ⌫e

Nima naboja, nima sledi

Biti mora ‘lahek’

<latexit sha1_base64="yeGt8fNT/hNLa1k6WZ5pUU74WVg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfF2EoBePCZgHJkuYncwmQ2Zml5lZISz5Cy8eFPHq33jzb5wke9DEgoaiqpvuriDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqb+q0nqjSL5IMZx9QXeCBZyAg2Vnqsl7syOUU3yO0VS27FnQEtEy8jJchQ6xW/uv2IJIJKQzjWuuO5sfFTrAwjnE4K3UTTGJMRHtCOpRILqv10dvEEnVilj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7xOYsJrP2UyTgyVZL4oTDgyEZq+j/pMUWL42BJMFLO3IjLEChNjQyrYELzFl5dJ86ziXVYu6uel6m0WRx6O4BjK4MEVVOEeatAAAhKe4RXeHO28OO/Ox7w152Qzh/AHzucPbICPdg==</latexit>

Q(⌫) = 0

<latexit sha1_base64="OUXQy1fbeD49eLLiu3pZEvIDE9k=">AAAB9HicbVDLSsNAFJ34rPVVdelmsAiuSiK+lkU3LivYBzQhTKY37dCZSZyZFErod7hxoYhbP8adf+O0zUJbD1w4nHMv994TpZxp47rfzsrq2vrGZmmrvL2zu7dfOThs6SRTFJo04YnqREQDZxKahhkOnVQBERGHdjS8m/rtESjNEvloxikEgvQlixklxkqBCH2ZYZ9zLEIIK1W35s6Al4lXkCoq0AgrX34voZkAaSgnWnc9NzVBTpRhlMOk7GcaUkKHpA9dSyURoIN8dvQEn1qlh+NE2ZIGz9TfEzkRWo9FZDsFMQO96E3F/7xuZuKbIGcyzQxIOl8UZxybBE8TwD2mgBo+toRQxeytmA6IItTYnMo2BG/x5WXSOq95V7XLh4tq/baIo4SO0Qk6Qx66RnV0jxqoiSh6Qs/oFb05I+fFeXc+5q0rTjFzhP7A+fwBJtCRtg==</latexit>

m⌫ ⌧ me
<latexit sha1_base64="n7RTnTYsKGvQTfI8BrX6LvqOdFY=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwE43IQAl48RjALJGPo6VSSJj0L3TViGIIXf8WLB0W8+hXe/Bs7y0ETHxQ83quiqp4fS6HRcb6thcWl5ZXVzFp2fWNza9ve2a3qKFEcKjySkar7TIMUIVRQoIR6rIAFvoSa378a+bV7UFpE4S0OYvAC1g1FR3CGRmrZ+0ELKL8r0EtadF3aRHjAlPahOmzZOSfvjEHniTslOTJFuWV/NdsRTwIIkUumdcN1YvRSplBwCcNsM9EQM95nXWgYGrIAtJeOXxjSI6O0aSdSpkKkY/X3RMoCrQeBbzoDhj09643E/7xGgp1zLxVhnCCEfLKok0iKER3lQdtCAUc5MIRxJcytlPeYYhxNalkTgjv78jypFvLuab54c5IrXUzjyJADckiOiUvOSIlckzKpEE4eyTN5JW/Wk/VivVsfk9YFazqzR/7A+vwBW2eVfQ==</latexit>

mec
2 = 511 keV

Je fermion, kot elektron

<latexit sha1_base64="R8E6FHYQN6A++YI6mNdN5dtW0bE=">AAAB/XicbVDJSgNBEK2JW4xbXG5eGoMQL2EmuF2UgBePEcwCmSH0dHqSJj09Q3ePEIfBX/HiQRGv/oc3/8bOctDEBwWP96qoqufHnClt299Wbml5ZXUtv17Y2Nza3inu7jVVlEhCGyTikWz7WFHOBG1opjltx5Li0Oe05Q9vxn7rgUrFInGvRzH1QtwXLGAEayN1iweq7IrkBF0hN5CYpE6WVrNusWRX7AnQInFmpAQz1LvFL7cXkSSkQhOOleo4dqy9FEvNCKdZwU0UjTEZ4j7tGCpwSJWXTq7P0LFReiiIpCmh0UT9PZHiUKlR6JvOEOuBmvfG4n9eJ9HBpZcyESeaCjJdFCQc6QiNo0A9JinRfGQIJpKZWxEZYJOCNoEVTAjO/MuLpFmtOOeVs7vTUu16FkceDuEIyuDABdTgFurQAAKP8Ayv8GY9WS/Wu/Uxbc1Zs5l9+APr8wfyMZRE</latexit>

s(⌫) =
1

2

KATRIN
eksperiment

<latexit sha1_base64="jLoRB1zcsNNMdJ6yiNcYgBALDgI=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8hZngkoNIwIvHCGaBJIaeTiVp0tMzdNeIYQh48Ve8eFDEqz/hzb+xsxw08UHB470qqur5kRQGXffbWVhcWl5ZTa2l1zc2t7YzO7sVE8aaQ5mHMtQ1nxmQQkEZBUqoRRpY4Euo+v2rkV+9B21EqG5xEEEzYF0lOoIztFIrsx+0Giqm/C5PL6ibK9AGwgMmFCrDVibr5twx6DzxpiRLpii1Ml+NdsjjABRyyYype26EzYRpFFzCMN2IDUSM91kX6pYqFoBpJuMfhvTIKm3aCbUthXSs/p5IWGDMIPBtZ8CwZ2a9kfifV4+xU2gmQkUxguKTRZ1YUgzpKBDaFho4yoEljGthb6W8xzTjaGNL2xC82ZfnSSWf885ypzcn2eLlNI4UOSCH5Jh45JwUyTUpkTLh5JE8k1fy5jw5L8678zFpXXCmM3vkD5zPHzRilfk=</latexit>

m⌫c
2 < 0.8 eV



Nevtrino kratka zgodovina eksperimenta

1930 v zmedi glede beta razpada Pauli predlaga obstoj nevtrina (Baade stava)

 

1956 Reines in Cowan izmerita reaktorske anti-nevtrine

Poltergeist eksperiment: 400 l mešanice vode in kadmijevega klorida (Cd).
Veliko nevtrinov redko interagira s protoni v tarči (2.8/uro).

1995



Nevtrino kratka zgodovina eksperimenta

1960-1990 Bahcall napove, Davis izmeri 1/3 nevtrinov iz sonca

?
⌫e ⌫e

<latexit sha1_base64="YDavbK56NoWHz/nrqkjDPPF/vno=">AAACHnicbVBLSwMxGMz6tr6qHr0EiyCoZVet9ah48ahgVei2JZt+raHZ7JJ8K5Zlwf/hxb/ixYMigif9N6aPg1YHAsPMhGQmiKUw6Lpfztj4xOTU9Mxsbm5+YXEpv7xyaaJEc6jwSEb6OmAGpFBQQYESrmMNLAwkXAWdk55/dQvaiEhdYDeGWsjaSrQEZ2ilRr7kq6QBdIv62/V0r5z5CHeYnsiM+hj9Fo91Vt+ySajvNPIFt+ j2Qf8Sb0gKZIizRv7Db0Y8CUEhl8yYqufGWEuZRsElZDk/MRAz3mFtqFqqWAimlvbrZXTDKk3airQ9Cmlf/XkjZaEx3TCwyZDhjRn1euJ/XjXB1mEtFSpOEBQfPNRKJLXNe1vRptDAUXYtYVwL+1fKb5hmHO2iOTuCN1r5L7ncLXoHxdL5fuHo+H4wxwxZI+tkk3ikTI7IKTkjFcLJA3kiL+TVeXSenTfnfRAdc4YTrpJfcD6/AXFOoTs=</latexit>

⌫e +
37Cl ! 37Ar+ + e�

Homestake rudnik
<latexit sha1_base64="CQi20m3ooENUKmB/ElRO6a45CwY=">AAAB+HicbZBLSwMxFIUz9VXro6Mu3QSL4KrM+Oyy4sZlBfuAdiyZNG1Dk8yQ3BHrUPB/uHGhiFt/ijv/jeljoa0HAh/n3JCbE8aCG/C8byeztLyyupZdz21sbm3n3Z3dmokSTVmVRiLSjZAYJrhiVeAgWCPWjMhQsHo4uBrn9XumDY/ULQxjFkjSU7zLKQFrtd38ScnDLWAPkGI5ujtpuwWv6E2EF8GfQQHNVGm7X61ORBPJFFBBjGn6XgxBSjRwKtgo10oMiwkdkB5rWlREMhOkk8VH+NA6HdyNtD0K8MT9fSMl0pihDO2kJNA389nY/C9rJtAtBSlXcQJM0elD3URgiPC4BdzhmlEQQwuEam53xbRPNKFgu8rZEvz5Ly9C7bjonxfPbk4L5cunaR1ZtI8O0BHy0QUqo2tUQVVEUYKe0St6cx6dF+fd+ZiOZpxZhXvoj5zPH3Upkrw=</latexit>

380 m3

perchloroethylene 
= čistilo

Helij

Argon
2002



Nevtrino kratka zgodovina eksperimenta

1960-1990 Bahcall napove, Davis izmeri 1/3 nevtrinov iz sonca

⌫e ⌫e
⌫µ
⌫⌧

1957...- Pontecorvo predlaga 
oscilacije nevtrinov z maso

<latexit sha1_base64="s8vP6S4Ff1H6zUX1rt8Dof+KuZU="></latexit>

|⌫ei = Ue1|⌫1i+ Ue2|⌫2i+ Ue3|⌫3i

<latexit sha1_base64="LxX9m0AR3eEIW17WCaoZ+7AjGW8="></latexit>

P (⌫e ! ⌫µ) ' sin2(2✓) sin2
✓
�m2L

4E

◆

Kvantno-mehanski proces

Interakcijska 
baza

Masna baza

Makroskopske
razdalje



⌫e ⌫e
⌫µ
⌫⌧

 Nevtrinske oscilacije 

1957 - Pontecorvo predlaga oscilacije nevtrino-antinevtrino

1962 - Maki, Nakagawa, Sakata;   1969 - Gribov, Pontecorvo

1978-1985 - Mikheyev, Smirnov, Wolfenstein: snov je pomembna

<latexit sha1_base64="LxX9m0AR3eEIW17WCaoZ+7AjGW8="></latexit>

P (⌫e ! ⌫µ) ' sin2(2✓) sin2
✓
�m2L

4E

◆

<latexit sha1_base64="sqE6cvKAWMM8vosHyseKyqbY7NY=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEV2VGfC0rblxWsA/oDCWTZtrQJDPmIZSh4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnzjjTxve/vaXlldW19cJGcXNre2e3tLff0KlVhNZJylPVirGmnElaN8xw2soUxSLmtBkPbsZ585EqzVJ5b4YZjQTuSZYwgo2zQtEJpUWhpA/I75TKfsWfCC1CMIMyzFTrlL7CbkqsoNIQjrVuB35mohwrwwino2JoNc0wGeAebTuUWFAd5ZOdR+jYOV2UpModadDE/X0jx0LroYjdpMCmr+ezsflf1rYmuYpyJjNrqCTThxLLkUnRuADUZYoSw4cOMFHM7YpIHytMjKup6EoI5r+8CI3TSnBROb87K1evn6Z1FOAQjuAEAriEKtxCDepAIINneIU3z3ov3rv3MR1d8mYVHsAfeZ8/QaORlg==</latexit>

m⌫ 6= 0



⌫e ⌫e
⌫µ
⌫⌧

0 100 200 300 400 500
0.0

0.2

0.4

0.6

0.8

1.0

L v km

P

E = 5 MeV
sin22q =0.9neÆne

neÆnm

 Nevtrinske oscilacije 



Nevtrino kratka zgodovina eksperimenta

1960-1990 Bahcall napove, Davis izmeri 1/3 nevtrinov iz sonca

⌫e ⌫e

1998 Super-K izmeri atmosferske 
oscilacije

⌫µ
⌫⌧

Super-K1957...- Pontecorvo predlaga 
oscilacije nevtrinov z maso



1998 Super-K izmeri atmosferske oscilacije

Nevtrini izotropni in prodorni, 
SK določi njihovo smer

Ločuje med elektroni, mioni in 
tau nevtrini; oscilacije v snovi



Nevtrino kratka zgodovina eksperimenta

1960-1990 Bahcall napove, Davis izmeri 1/3 nevtrinov iz sonca

⌫e ⌫e

1998 Super-K izmeri atmosferske 
oscilacije

⌫µ
⌫⌧

Super-K

m⌫ 6= 0

2001 SNO potrdi Davis-a

2015

1957...- Pontecorvo predlaga 
oscilacije nevtrinov z maso



Nevtrino kaj vemo in česar ne

⌫e
⌫µ
⌫⌧

<latexit sha1_base64="sv4MwMhkrlKk5VugiZ+ghXutDUA=">AAAB+HicbZBLSwMxFIUz9VXro6Mu3QSL4KrMiK9lxY0bpaLTFtphyKSZNjTzILkj1mHA/+HGhSJu/Snu/Demj4W2Hgh8nHNDbo6fCK7Asr6NwsLi0vJKcbW0tr6xWTa3thsqTiVlDo1FLFs+UUzwiDnAQbBWIhkJfcGa/uBilDfvmVQ8ju5gmDA3JL2IB5wS0JZnlh0v6wB7gKx+dX2b555ZsarWWHge7ClU0FR1z/zqdGOahiwCKohSbdtKwM2IBE4Fy0udVLGE0AHpsbbGiIRMudl48Rzva6eLg1jqEwEeu79vZCRUahj6ejIk0Fez2cj8L2unEJy5GY+SFFhEJw8FqcAQ41ELuMsloyCGGgiVXO+KaZ9IQkF3VdIl2LNfnofGYdU+qR7fHFVq50+TOopoF+2hA2SjU1RDl6iOHERRip7RK3ozHo0X4934mIwWjGmFO+iPjM8fHVSTzQ==</latexit>

UPMNS

<latexit sha1_base64="ite+dndzjJ2wF0E6VLswGxY/xbE="></latexit>0

@
⌫e
⌫µ
⌫⌧

1

A =

0

@
Ue1 Ue2 Ue3

Uµ1 Uµ2 Uµ3

U⌧1 U⌧2 U⌧3

1

A

0

@
⌫1
⌫2
⌫3

1

A

Trije mešalni koti + CP faze

<latexit sha1_base64="sLz8yfngvpHdUoBjkBsTWRlC2Q4=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8RLx6jmAckS5idzCZDZmeXmV4hLAE/wIsHRbz6R978GyePgyYWNBRV3XR3BYkUBl3328mtrK6tb+Q3C1vbO7t7xf2DholTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geDPxm49cGxGrBxwl3I9oX4lQMIpWuu+Mu8WSW3anIMvEm5MSzFHrFr86vZilEVfIJDWm7bkJ+hnVKJjk40InNTyhbEj7vG2pohE3fja9dExOrNIjYaxtKSRT9fdERiNjRlFgOyOKA7PoTcT/vHaK4ZWfCZWkyBWbLQpTSTAmk7dJT2jOUI4soUwLeythA6opQxtOwYbgLb68TBpnZe+iXLk7L1Wvn2Zx5OEIjuEUPLiEKtxCDerAIIRneIU3Z+i8OO/Ox6w158wjPIQ/cD5/AMd/jfA=</latexit>

}
Razlike mas

Mešalni koti

?

<latexit sha1_base64="njRYUjdMqtWnd9oYICFlD+DIJPo=">AAACGHicbVDLSgMxFM34rPVVdekmWAQ31plirRuhoguXFewD2loy6W0NzTxI7ohlGPAn3Pgrblwo4rY7/8b0sdDqgcDJOSfc3OOGUmi07S9rbn5hcWk5tZJeXVvf2MxsbVd1ECkOFR7IQNVdpkEKHyooUEI9VMA8V0LN7V+M/No9KC0C/wYHIbQ81vNFV3CGRmpnjpqXIJFR7zbfjvNOQs9okTZReKCpY9/Gh4XEXOEBYwrVxIQyWTtnj0H/EmdKsmSKcjszbHYCHnngI5dM64Zjh9iKmULBJSTpZqQhZLzPetAw1GdmciseL5bQfaN0aDdQ5vhIx+rPFzHztB54rkl6DO/0rDcS//MaEXZPW7HwwwjB55NB3UhSDOioJdoRCjjKgSGMK2H+SvkdU4yj6TJtSnBmV/5Lqvmcc5IrXB9nS+ePkzpSZJfskQPikCIpkStSJhXCyRN5IW/k3Xq2Xq0P63MSnbOmFe6QX7CG3wjFnlY=</latexit>

�m2
21 = 7⇥ 10�5 eV2

<latexit sha1_base64="G+S5iA5ia6zFgBrGu+iqI5PA/9M=">AAACGHicbVDLSgMxFM34rPVVdekmWAQ31pnW10ao6MJlBdsKnbFk0lsNZh4kd8QyDPgTbvwVNy4Ucdudf2P6WPg6EDg554Sbe/xYCo22/WlNTE5Nz8zm5vLzC4tLy4WV1YaOEsWhziMZqUufaZAihDoKlHAZK2CBL6Hp354M/OYdKC2i8AJ7MXgBuw5FV3CGRmoXdtxTkMhocFVup5VyRo9ombooAtDUsa/S7UpmrnCPKYVGZkKFol2yh6B/iTMmRTJGrV3ou52IJwGEyCXTuuXYMXopUyi4hCzvJhpixm/ZNbQMDZmZ7KXDxTK6aZQO7UbKnBDpUP3+ImWB1r3AN8mA4Y3+7Q3E/7xWgt1DLxVhnCCEfDSom0iKER20RDtCAUfZM4RxJcxfKb9hinE0XeZNCc7vlf+SRrnk7Jf2zneL1eOHUR05sk42yBZxyAGpkjNSI3XCySN5Jq/kzXqyXqx362MUnbDGFa6RH7D6XwDMnlE=</latexit>

�m2
32 = 2⇥ 10�3 eV2

<latexit sha1_base64="tZBO3ZboJnb3a0sW1w9Z7jUWEI0="></latexit>

✓12 = 34� , ✓23 = 48� , ✓13 = 8�

Masa najlažjega nevtrina in masna hierarhija (NH vs. IH)

CP faze

Ali so nevtrini Diracovi ali Majoranovi delci

Izvor mase nevtrinov



Izvor mase nevtrinov



Masa gradnikov snovi

1928 - Dirac postavi relativisticno teorijo za elektron

’31 napove antimaterijo

1932 - Anderson odkrije pozitron

mD eLeR



1928 - Dirac postavi relativisticno teorijo za elektron

’31 napove antimaterijo

1932 - Anderson odkrije pozitron

1937 - Majorana najde enostavnejši opis za nevtrino

mM ⌫L⌫L

mD eLeR

Masa nevtrinov



Nevtrino kratka zgodovina teorije Špekulativno1933 Fermiju revija Nature ne objavi teorije beta razpada



Nevtrino kratka zgodovina teorije Špekulativno

1937 Majorana za habilitacijo objavi teorijo ‘realnih’ fermionov

in izgine.

⌫ = ⌫

1933 Fermiju revija Nature ne objavi teorije beta razpada



Nevtrino kratka zgodovina teorije Špekulativno

1937 Majorana za habilitacijo objavi teorijo ‘realnih’ fermionov

in izgine.

⌫ = ⌫

1937 Racah & Furry: iskanje Majorana nevtrina...

...se nadaljuje še danes.

1933 Fermiju revija Nature ne objavi teorije beta razpada



1928 - Dirac postavi relativisticno teorijo za elektron

’31 napove antimaterijo

1932 - Anderson odkrije pozitron

1937 - Majorana najde enostavnejsi opis za nevtrino

mD eLeR

Masa nevtrinov

So nevtrini Diracovi ali Majoranovi delci?



Iskanje Majoranovih nevtrinov

~ jedrska fizika ~



n p

e�

⌫e

� razpad

Majorana nevtrino in jedrski procesi

’33 Fermi



n p

e�

⌫e

n p

e�

⌫erazpad2�

Majorana nevtrino in jedrski procesi

1935 - Maria Goeppert Mayer predlaga dvojni    razpad�

GERDA, včeraj v PRL

<latexit sha1_base64="K4W/M4SS6/TPGTICXNav/DMiYyE=">AAACIHicbVDJSgNBEO2JW4xb1KOXxiB4CjNBjRch6EGPEcwCmRh6OpWkSc9Cd40YhvkUL/6KFw+K6E2/xs5yUOODgsd7VVTV8yIpNNr2p5VZWFxaXsmu5tbWNza38ts7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCGF2O/cQdKizC4wVEEbZ/1A9ETnKGROvmyiyzuJCXXA2TprYtwj8klQErPaIm6KHzQ1LFvk5KT0qlLJWDayRfsoj0BnSfOjBTIDNVO/sPthjz2IUAumdYtx46wnTCFgktIc26sIWJ8yPrQMjRgZnE7mTyY0gOjdGkvVKYCpBP150TCfK1Hvmc6fYYD/dcbi/95rRh7p+1EBFGMEPDpol4sKYZ0nBbtCgUc5cgQxpUwt1I+YIpxNJnmTAjO35fnSb1UdE6Kx9dHhcr5LI4s2SP75JA4pEwq5IpUSY1w8kCeyAt5tR6tZ+vNep+2ZqzZzC75BevrG7Qnoq8=</latexit>

⌧Gee
2� = 2⇥ 1021 let



Gerda

             eksperimentovO(10)

Majorana nevtrino in jedrski procesi



1937 - Racah in Furry predlagata breznevtrinski      razpad

n p

e�

⌫e

n p

e�

⌫e

Majorana nevtrino in jedrski procesi

2�

n

n

W

p

να

e

W

e

p

VLeα

VLeα

v modernem jeziku
<latexit sha1_base64="eZuqdZcfYo89xnyyIBzXgRMYAHQ="></latexit>

� /

�����
X

i

U2
eim⌫i

�����

2

lightest neutrino mass in eV

normal

inverted

|m
ee �

|i
n

eV

10�4 0.001 0.01 0.1 1
10�4

10�3

0.01

0.1

1.0

10�4 0.001 0.01 0.1 1
10�4

0.001

0.01

0.1

1

1



1937 - Racah in Furry predlagata breznevtrinski      razpad

n p

e�

⌫e

n p

e�

⌫e

zlomitev 
leptonskega 
števila

Majorana nevtrino in jedrski procesi

2�

0.00 0.05 0.10 0.15
energija elektrona

in
te
nz
ite
ta

<latexit sha1_base64="G7OIt+7shS2OyjLtgE44IzZ1YP8=">AAACGnicbVDLSgNBEJyNrxhfqx69DAbBU9gNRj1J0IMeIxgVsjHMTjo6ZHZ2mekVw7Lf4cVf8eJBEW/ixb9x8jj4Kmgoqrrp7goTKQx63qdTmJqemZ0rzpcWFpeWV9zVtXMTp5pDk8cy1pchMyCFgiYKlHCZaGBRKOEi7B8N/Ytb0EbE6gwHCbQjdq1ET3CGVuq4foAs7WReoNJqEAKy/CpAuMPsGHJ6QH3vKqvWcjrWqATMO27Zq3gj0L/En5AymaDRcd+DbszTCBRyyYxp+V6C7YxpFFxCXgpSAwnjfXYNLUsVi8C0s9FrOd2ySpf2Ym1LIR2p3ycyFhkziELbGTG8Mb+9ofif10qxt9/OhEpSBMXHi3qppBjTYU60KzRwlANLGNfC3kr5DdOMo02zZEPwf7/8l5xXK/5upXa6U64fTuIokg2ySbaJT/ZInZyQBmkSTu7JI3kmL86D8+S8Om/j1oIzmVknP+B8fAGOHqCS</latexit>

⌧Ge
0⌫2� > 1025 let



Izvor mase nevtrinov

~ teoretična slika ~



Higgsov mehanizem

konstantna vrednost 
Higgsovega polja, vakuum

Higgsov bozon
<latexit sha1_base64="Z4IlmjNSzjuR70UoOfCVJ24Pi+o=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hqaXsseBG8tGA/oA1ls520azebsLsRSih49+JBEa/+JG/+GzdtBRV9MPB4b4aZeX7MmdKO82Hl1tY3Nrfy24Wd3b39g+LhUUdFiaTQphGPZM8nCjgT0NZMc+jFEkjoc+j608vM796BVCwSN3oWgxeSsWABo0QbqTUZFkuOXa24tVoZO7azQEbci7rjYnellNAKzWHxfTCKaBKC0JQTpfquE2svJVIzymFeGCQKYkKnZAx9QwUJQXnp4tA5PjPKCAeRNCU0XqjfJ1ISKjULfdMZEj1Rv71M/MvrJzqoeykTcaJB0OWiIOFYRzj7Go+YBKr5zBBCJTO3YjohklBtsimYEL4+xf+TTtl2q3alVSk1ru+XceTRCTpF58hFNdRAV6iJ2ogiQA/oCT1bt9aj9WK9Lltz1irCY/QD1tsnNAyNpg==</latexit>

h



Higgsov mehanizem in izvor mase

Masivni prenašalci, 
kratek doseg sileMasivni gradniki snovi

Večja sklopitev, težji delec

elektron

šibki bozon
<latexit sha1_base64="mqTmvzgcjduieB1AqxoEBY2R8KE=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjKdqe2y4sZlC/YB7VAyaaaNzWSGJCOUoeDejQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8qtrW9sbuW3Czu7e/sHxcOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCydXc79xRqVgsbvQ0oX6ER4KFjGBtpGZnUCwhG3meV3Mhsl23UvWQIQi5rlOGjiFzlMAKjUHxvT+MSRpRoQnHSvUclGg/w1Izwums0E8VTTCZ4BHtGSpwRJWfLQ6dwTOjDGEYS1NCw4X6fSLDkVLTKDCdEdZj9dubi395vVSHNT9jIkk1FWS5KEw51DGcfw2HTFKi+dQQTCQzt0IyxhITbbIpmBC+PoX/k3bZdi7sStMr1S/vl3HkwQk4BefAAVVQB9egAVqAAAoewBN4tm6tR+vFel225qxVhMfgB6y3TyvNjZo=</latexit>

W
<latexit sha1_base64="RAaOH42xRq5Cq0gmCBCMaLJx8X8=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidox48ZiAWSAZQk+nJmnT0zN09whhCHj34kERr36SN//GznLQxAcFj/eqqKoXJIJr47rfTm5ldW19I79Z2Nre2d0r7h80dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfjNR1Sax/LejBL0I9qXPOSMGivVsFssuWV3CrJMvDkpwRzVbvGr04tZGqE0TFCt256bGD+jynAmcFzopBoTyoa0j21LJY1Q+9n00DE5sUqPhLGyJQ2Zqr8nMhppPYoC2xlRM9CL3kT8z2unJrz2My6T1KBks0VhKoiJyeRr0uMKmREjSyhT3N5K2IAqyozNpmBD8BZfXiaNs7J3Wb6onZcqN0+zOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFrzTnzCA/hD5zPH/JgjXI=</latexit>e



Higgsov mehanizem: testiranje

ATLAS

CMS

p
p

<latexit sha1_base64="Z4IlmjNSzjuR70UoOfCVJ24Pi+o=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hqaXsseBG8tGA/oA1ls520azebsLsRSih49+JBEa/+JG/+GzdtBRV9MPB4b4aZeX7MmdKO82Hl1tY3Nrfy24Wd3b39g+LhUUdFiaTQphGPZM8nCjgT0NZMc+jFEkjoc+j608vM796BVCwSN3oWgxeSsWABo0QbqTUZFkuOXa24tVoZO7azQEbci7rjYnellNAKzWHxfTCKaBKC0JQTpfquE2svJVIzymFeGCQKYkKnZAx9QwUJQXnp4tA5PjPKCAeRNCU0XqjfJ1ISKjULfdMZEj1Rv71M/MvrJzqoeykTcaJB0OWiIOFYRzj7Go+YBKr5zBBCJTO3YjohklBtsimYEL4+xf+TTtl2q3alVSk1ru+XceTRCTpF58hFNdRAV6iJ2ogiQA/oCT1bt9aj9WK9Lltz1irCY/QD1tsnNAyNpg==</latexit>

h

<latexit sha1_base64="2JdV0fXR0HWwMcGB6jaPlDDwRh0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI8BL4KXiOYByRpmJ73JkNnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEiuDau++0sLa+srq3nNvKbW9s7u4W9/bqOU8WwxmIRq2ZANQousWa4EdhMFNIoENgIBldjv/GISvNY3pthgn5Ee5KHnFFjpTt8OO0Uim7JnYAsEm9GijBDtVP4andjlkYoDRNU65bnJsbPqDKcCRzl26nGhLIB7WHLUkkj1H42OXVEjq3SJWGsbElDJurviYxGWg+jwHZG1PT1vDcW//NaqQkv/YzLJDUo2XRRmApiYjL+m3S5QmbE0BLKFLe3EtanijJj08nbELz5lxdJ/azknZfKt+Vi5eZpGkcODuEITsCDC6jANVShBgx68Ayv8OYI58V5dz6mrUvOLMID+APn8wcPxI4Y</latexit>

e+
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Nevtrino kratko nadaljevanje zgodovine teorije

1967 Weinberg napove Higgs sklopitve in

V skladu z (nekaterimi) teorijami poenotenja
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Iskanje Majoranovih nevtrinov
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Majorana nevtrino in LHC

1983 Keung in Senjanović:    na trkalnikuN
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1979 Minkowski ter Mohapatra in Senjanović
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