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Prostor

<latexit sha1_base64="jUVdUaSNfGoUzvKnnHnsof4nNU8=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUbcjhEvHhMwCyRD6OnUJG16eobuHjEMAe9ePCji1U/y5t/YWQ6a+KDg8V4VVfWCRHBtXPfbWVpeWV1bz23kN7e2d3YLe/t1HaeKYY3FIlbNgGoUXGLNcCOwmSikUSCwEQxuxn7jAZXmsbwzwwT9iPYkDzmjxkrVx06h6JbcCcgi8WakCDNUOoWvdjdmaYTSMEG1bnluYvyMKsOZwFG+nWpMKBvQHrYslTRC7WeTQ0fk2CpdEsbKljRkov6eyGik9TAKbGdETV/Pe2PxP6+VmvDKz7hMUoOSTReFqSAmJuOvSZcrZEYMLaFMcXsrYX2qKDM2m7wNwZt/eZHUT0veRem8elYsXz9N48jBIRzBCXhwCWW4hQrUgAHCM7zCm3PvvDjvzse0dcmZRXgAf+B8/gAPO42F</latexit>x

<latexit sha1_base64="qdRvd7OcO6j4IhsV7uJSzeaW8J4=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidox48ZiAWSAZQk+nJmnT0zN09whDCHj34kERr36SN//GznLQxAcFj/eqqKoXJIJr47rfTm5ldW19I79Z2Nre2d0r7h80dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfjNR1Sax/LeZAn6Ee1LHnJGjZVqWbdYcsvuFGSZeHNSgjmq3eJXpxezNEJpmKBatz03Mf6IKsOZwH Ghk2pMKBvSPrYtlTRC7Y+mh47JiVV6JIyVLWnIVP09MaKR1lkU2M6ImoFe9Cbif147NeG1P+IySQ1KNlsUpoKYmEy+Jj2ukBmRWUKZ4vZWwgZUUWZsNgUbgrf48jJpnJW9y/JF7bxUuXmaxZGHIziGU/DgCipwB1WoAwOEZ3iFN+fBeXHenY9Za86ZR3gIf+B8/gAQv42G</latexit>y

Navaden (Evklidski) prostor

<latexit sha1_base64="uTlv2UZrLu6dBa+5TnfNdRszpS4=">AAAB+HicbVDJSgNBEK2JW4xLRj16aQyCIISZ4HYRIl48RjALJJPQ09OTNOlZ6O4RxyHgf3jxoIhXP8Wbf2NnOWjigyoe71XR1c+NOZPKsr6N3NLyyupafr2wsbm1XTR3dhsySgShdRLxSLRcLClnIa0rpjhtxYLiwOW06Q6vx37zngrJovBOpTF1AtwPmc8IVlrqmUWvW0GX6EH3Y5R2Kz2zZJWtCdAisWekBDPUeuZXx4tIEtBQEY6lbNtWrJwMC8UIp6NCJ5E0xmSI+7StaYgDKp1scvgIHWrFQ34kdIUKTdTfGxkOpEwDV08GWA3kvDcW//PaifIvnIyFcaJoSKYP+QlHKkLjFJDHBCWKp5pgIpi+FZEBFpgonVVBh2DPf3mRNCpl+6x8entSql49TePIwz4cwBHYcA5VuIEa1IFAAs/wCm/Go/FivBsf09GcMYtwD/7A+PwB5c2Rtw==</latexit>

d2 = x2 + y2

<latexit sha1_base64="jx3M1sbdzzAIbDMAhCpvIOP75r4=">AAAB/nicbVDLSgMxFL3js9bXqLhyEyyCIJSZ4msjVNy4rGAf0E5LJpO2oZkHSUYch0J/xY0LRdz6He78G9NpF9p64F4O59yQe48bcSaVZX0bC4tLyyurubX8+sbm1ra5s1uTYSwIrZKQh6LhYkk5C2hVMcVpIxIU+y6ndXdwM/brD1RIFgb3Komo4+NewLqMYKWljrnvtUvoCj3qfoKSrD+1Sx2zYBWtDGie2FNSgCkqHfOr5YUk9mmgCMdSNm0rUk6KhWKE02G+FUsaYTLAPdrUNMA+lU6arT9ER1rxUDcUugKFMvX3ixT7Uia+qyd9rPpy1huL/3nNWHUvnZQFUaxoQCYfdWOOVIjGWSCPCUoUTzTBRDC9KyJ9LDBROrG8DsGePXme1EpF+7x4dndaKF+PJnHk4AAO4RhsuIAy3EIFqkAghWd4hTdjZLwY78bHZHTBmEa4B39gfP4AFMGTaA==</latexit>

d2 = x2 + y2 + z2
<latexit sha1_base64="tawuQL6BuKpfhnTbhXil4M0YG3o=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPux4gePEYxCyRD6OnUJE16eobuHiEMAT/AiwdFvPpH3vwbO8tBow8KHu9VUVUvSATXxnW/nNzC4tLySn61sLa+sblV3N6p6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwNfYbD6g0j+W9GSboR7QnecgZNVa6O77uFEtu2Z2A/CXejJRghmqn+NnuxiyNUBomqNYtz02Mn1FlOBM4KrRTjQllA9rDlqWSRqj9bHLpiBxYpUvCWNmShkzUnxMZjbQeRoHtjKjp63lvLP7ntVITXvgZl0lqULLpojAVxMRk/DbpcoXMiKEllClubyWsTxVlxoZTsCF48y//JfWjsndWPr09KVUuH6dx5GEP9uEQPDiHCtxAFWrAIIQneIFXZ+A8O2/O+7Q158wi3IVfcD6+ATLOjY4=</latexit>

3D

<latexit sha1_base64="ICdMUJq69bKenTwTWZLH5E+HIPk=">AAAB6XicbVDJSgNBEK1xjXGLevTSGARPYSa4HSN68BjFLJAMoadTkzTp6Rm6e4QwBPwALx4U8eofefNv7CwHTXxQ8Hiviqp6QSK4Nq777Swtr6yurec28ptb2zu7hb39uo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AgG12O/8YhK81g+mGGCfkR7koecUWOl+/JNp1B0S+4EZJF4M1KEGaqdwle7G7M0QmmYoFq3PDcxfkaV4UzgKN9ONSaUDWgPW5ZKGqH2s8mlI3JslS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOlnXCapQcmmi8JUEBOT8dukyxUyI4aWUKa4vZWwPlWUGRtO3obgzb+8SOrlkndeOrs7LVaunqZx5OAQjuAEPLiACtxCFWrAIIRneIU3Z+C8OO/Ox7R1yZlFeAB/4Hz+ADFJjY0=</latexit>

2D

Hitrosti se seštevajo

<latexit sha1_base64="lXjmY35CQPw8yGzgEFBucINUiZc=">AAACBXicbZBLSwMxFIUz9VXra9SlLoJFEIQyU3xthIoblxXsA9phyKR32tDMgyRTKENB3PhX3LhQxK3/wZ3/xrRTQVsPBD7OuSG5x4s5k8qyvozcwuLS8kp+tbC2vrG5ZW7v1GWUCAo1GvFIND0igbMQaoopDs1YAAk8Dg2vfz3OGwMQkkXhnRrG4ASkGzKfUaK05Zr77QFQPMCXOAPXxsc/WHbNolWyJsLzYE+hiKaquuZnuxPRJIBQUU6kbNlWrJyUCMUoh1GhnUiICe2TLrQ0hiQA6aSTLUb4UDsd7EdCn1Dhifv7RkoCKYeBpycDonpyNhub/2WtRPkXTsrCOFEQ0uwhP+FYRXhcCe4wAVTxoQZCBdN/xbRHBKFKF1fQJdizK89DvVyyz0qntyfFytV9Vkce7aEDdIRsdI4q6AZVUQ1R9ICe0At6NR6NZ+PNeM9Gc8a0wl30R8bHNzjgluU=</latexit>

~v = ~v1 + ~v2

Prostor se ne spreminja

Klasična mehanika



Prostor-čas

<latexit sha1_base64="jUVdUaSNfGoUzvKnnHnsof4nNU8=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUbcjhEvHhMwCyRD6OnUJG16eobuHjEMAe9ePCji1U/y5t/YWQ6a+KDg8V4VVfWCRHBtXPfbWVpeWV1bz23kN7e2d3YLe/t1HaeKYY3FIlbNgGoUXGLNcCOwmSikUSCwEQxuxn7jAZXmsbwzwwT9iPYkDzmjxkrVx06h6JbcCcgi8WakCDNUOoWvdjdmaYTSMEG1bnluYvyMKsOZwFG+nWpMKBvQHrYslTRC7WeTQ0fk2CpdEsbKljRkov6eyGik9TAKbGdETV/Pe2PxP6+VmvDKz7hMUoOSTReFqSAmJuOvSZcrZEYMLaFMcXsrYX2qKDM2m7wNwZt/eZHUT0veRem8elYsXz9N48jBIRzBCXhwCWW4hQrUgAHCM7zCm3PvvDjvzse0dcmZRXgAf+B8/gAPO42F</latexit>x

<latexit sha1_base64="qdRvd7OcO6j4IhsV7uJSzeaW8J4=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidox48ZiAWSAZQk+nJmnT0zN09whDCHj34kERr36SN//GznLQxAcFj/eqqKoXJIJr47rfTm5ldW19I79Z2Nre2d0r7h80dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfjNR1Sax/LeZAn6Ee1LHnJGjZVqWbdYcsvuFGSZeHNSgjmq3eJXpxezNEJpmKBatz03Mf6IKsOZwH Ghk2pMKBvSPrYtlTRC7Y+mh47JiVV6JIyVLWnIVP09MaKR1lkU2M6ImoFe9Cbif147NeG1P+IySQ1KNlsUpoKYmEy+Jj2ukBmRWUKZ4vZWwgZUUWZsNgUbgrf48jJpnJW9y/JF7bxUuXmaxZGHIziGU/DgCipwB1WoAwOEZ3iFN+fBeXHenY9Za86ZR3gIf+B8/gAQv42G</latexit>y

Manj-navaden (Minkowski) prostor

<latexit sha1_base64="uTlv2UZrLu6dBa+5TnfNdRszpS4=">AAAB+HicbVDJSgNBEK2JW4xLRj16aQyCIISZ4HYRIl48RjALJJPQ09OTNOlZ6O4RxyHgf3jxoIhXP8Wbf2NnOWjigyoe71XR1c+NOZPKsr6N3NLyyupafr2wsbm1XTR3dhsySgShdRLxSLRcLClnIa0rpjhtxYLiwOW06Q6vx37zngrJovBOpTF1AtwPmc8IVlrqmUWvW0GX6EH3Y5R2Kz2zZJWtCdAisWekBDPUeuZXx4tIEtBQEY6lbNtWrJwMC8UIp6NCJ5E0xmSI+7StaYgDKp1scvgIHWrFQ34kdIUKTdTfGxkOpEwDV08GWA3kvDcW//PaifIvnIyFcaJoSKYP+QlHKkLjFJDHBCWKp5pgIpi+FZEBFpgonVVBh2DPf3mRNCpl+6x8entSql49TePIwz4cwBHYcA5VuIEa1IFAAs/wCm/Go/FivBsf09GcMYtwD/7A+PwB5c2Rtw==</latexit>

d2 = x2 + y2

<latexit sha1_base64="jx3M1sbdzzAIbDMAhCpvIOP75r4=">AAAB/nicbVDLSgMxFL3js9bXqLhyEyyCIJSZ4msjVNy4rGAf0E5LJpO2oZkHSUYch0J/xY0LRdz6He78G9NpF9p64F4O59yQe48bcSaVZX0bC4tLyyurubX8+sbm1ra5s1uTYSwIrZKQh6LhYkk5C2hVMcVpIxIU+y6ndXdwM/brD1RIFgb3Komo4+NewLqMYKWljrnvtUvoCj3qfoKSrD+1Sx2zYBWtDGie2FNSgCkqHfOr5YUk9mmgCMdSNm0rUk6KhWKE02G+FUsaYTLAPdrUNMA+lU6arT9ER1rxUDcUugKFMvX3ixT7Uia+qyd9rPpy1huL/3nNWHUvnZQFUaxoQCYfdWOOVIjGWSCPCUoUTzTBRDC9KyJ9LDBROrG8DsGePXme1EpF+7x4dndaKF+PJnHk4AAO4RhsuIAy3EIFqkAghWd4hTdjZLwY78bHZHTBmEa4B39gfP4AFMGTaA==</latexit>

d2 = x2 + y2 + z2
<latexit sha1_base64="tawuQL6BuKpfhnTbhXil4M0YG3o=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPux4gePEYxCyRD6OnUJE16eobuHiEMAT/AiwdFvPpH3vwbO8tBow8KHu9VUVUvSATXxnW/nNzC4tLySn61sLa+sblV3N6p6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwNfYbD6g0j+W9GSboR7QnecgZNVa6O77uFEtu2Z2A/CXejJRghmqn+NnuxiyNUBomqNYtz02Mn1FlOBM4KrRTjQllA9rDlqWSRqj9bHLpiBxYpUvCWNmShkzUnxMZjbQeRoHtjKjp63lvLP7ntVITXvgZl0lqULLpojAVxMRk/DbpcoXMiKEllClubyWsTxVlxoZTsCF48y//JfWjsndWPr09KVUuH6dx5GEP9uEQPDiHCtxAFWrAIIQneIFXZ+A8O2/O+7Q158wi3IVfcD6+ATLOjY4=</latexit>

3D

<latexit sha1_base64="ICdMUJq69bKenTwTWZLH5E+HIPk=">AAAB6XicbVDJSgNBEK1xjXGLevTSGARPYSa4HSN68BjFLJAMoadTkzTp6Rm6e4QwBPwALx4U8eofefNv7CwHTXxQ8Hiviqp6QSK4Nq777Swtr6yurec28ptb2zu7hb39uo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AgG12O/8YhK81g+mGGCfkR7koecUWOl+/JNp1B0S+4EZJF4M1KEGaqdwle7G7M0QmmYoFq3PDcxfkaV4UzgKN9ONSaUDWgPW5ZKGqH2s8mlI3JslS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOlnXCapQcmmi8JUEBOT8dukyxUyI4aWUKa4vZWwPlWUGRtO3obgzb+8SOrlkndeOrs7LVaunqZx5OAQjuAEPLiACtxCFWrAIIRneIU3Z+C8OO/Ox7R1yZlFeAB/4Hz+ADFJjY0=</latexit>

2D

<latexit sha1_base64="X5uSw4xv+Oj0oXbwq2XIdT1C1YE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBAEIez6Pkb04DGCmwSSJcxOOsmQ2dllZlYIS8A/8OJBEa9+kDf/xsnjoIkFDUVVN91dYSK4Nq777SwsLi2vrObW8usbm1vbhZ3dqo5TxdBnsYhVPaQaBZfoG24E1hOFNAoF1sL+zcivPaLSPJYPZpBgENGu5B3OqLGSf3rskdtWoeiW3DHIPPGmpAhTVFqFr2Y7ZmmE0jBBtW54bmKCjCrDmcBhvplqTCjr0y42LJU0Qh1k42OH5NAqbdKJlS1pyFj9PZHRSOtBFNrOiJqenvVG4n9eIzWdqyDjMkkNSjZZ1EkFMTEZfU7aXCEzYmAJZYrbWwnrUUWZsfnkbQje7MvzpHpS8i5K5/dnxfL10ySOHOzDARyBB5dQhjuogA8MODzDK7w50nlx3p2PSeuCM41wD/7A+fwBXyGOKA==</latexit>

3 + 1D
<latexit sha1_base64="hz26f703jjKVFN3RKuiI3l+hop8=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQEctM8bURKm5cVrAPaKclk0ltaCYzJBlxHAou3Pgrblwo4tZfcOffmE670NYDyT2ccy/JPW7IqFSW9W1kZmbn5heyi7ml5ZXVNXN9oyaDSGBSxQELRMNFkjDKSVVRxUgjFAT5LiN1t38x9Ou3REga8GsVh8Tx0Q2nXYqR0lLH3PbaJXgGsdLlABbudNmHcXrft0t7HTNvFa0UcJrYY5IHY1Q65lfLC3DkE64wQ1I2bStUToKEopiRQa4VSRIi3Ec3pKkpRz6RTpLuMYC7WvFgNxD6cAVT9fdEgnwpY9/VnT5SPTnpDcX/vGakuqdOQnkYKcLx6KFuxKAK4DAU6FFBsGKxJggLqv8KcQ8JhJWOLqdDsCdXnia1UtE+Lh5dHebL5w+jOLJgC+yAArDBCSiDS1ABVYDBI3gGr+DNeDJejHfjY9SaMcYRboI/MD5/AN1rlec=</latexit>

d2 = ct2 � (x2 + y2 + z2)

Posebna teorija relativnosti

[Einstein 1905]

Hitrost svetlobe konstanta in 
maksimalna

Prostor se ne spreminja, je raven



Dinamičen prostor-čas
Splošna teorija relativnosti [Einstein 1915]

<latexit sha1_base64="a2MCxxI/clxH3mwCGXjYZZ4oYwc=">AAAB/XicbZDLSgMxGIUz9Vbrbbzs3ASLUKGUmeJtI1TcuKxgL9COJZPJtKGZzJBkxOlQ9FHcuFDEre/hzrcxvSy09UDg45w/5M9xI0alsqxvI7OwuLS8kl3Nra1vbG6Z2zt1GcYCkxoOWSiaLpKEUU5qiipGmpEgKHAZabj9q1HeuCdC0pDfqiQiToC6nPoUI6Wtjrnn3ZXhBfQLWBXhQxEmRTg46ph5q2SNBefBnkIeTFXtmF9tL8RxQLjCDEnZsq1IOSkSimJGhrl2LEmEcB91SUsjRwGRTjrefggPteNBPxT6cAXH7u8bKQqkTAJXTwZI9eRsNjL/y1qx8s+dlPIoVoTjyUN+zKAK4agK6FFBsGKJBoQF1btC3EMCYaULy+kS7Nkvz0O9XLJPSyc3x/nK5dOkjizYBwegAGxwBirgGlRBDWAwAM/gFbwZj8aL8W58TEYzxrTCXfBHxucPzd2TSg==</latexit>

d2 = f(ct, x, y, z)

Prostor in čas so prepleteni (planeti, črne luknje…)

Kako to vpliva na razumevanje našega celotnega vesolja? [FLRW 20-30s]

<latexit sha1_base64="Y8heo6yB4Pt67fZVvmAtjKCFZUo=">AAACH3icbZDLSgMxFIYz9VbrrerSTbAoLWKZKVrdCBU3LivYC7S1ZDKZNjRzITkj1lLwQdz4Km5cKCLu+jZm2i609UA4H/9/QnJ+OxRcgWmOjMTC4tLySnI1tba+sbmV3t6pqiCSlFVoIAJZt4ligvusAhwEq4eSEc8WrGb3rmK/ds+k4oF/C/2QtTzS8bnLKQEttdNFR90V8OEFdkD3Y0yykNPQFMyFrPOg8Qg7/Ul7jA3JO13ItdMZM2+OC8+DNYUMmla5nf5uOgGNPOYDFUSphmWG0BoQCZwKNkw1I8VCQnukwxoafeIx1RqM9xviA6042A2kPj7gsfr7xoB4SvU9W096BLpq1ovF/7xGBO55a8D9MALm08lDbiQwBDgOCztcMgqir4FQyfVfMe0SSSjoSFM6BGt25XmoFvJWMX96c5IpXT5N4kiiPbSPsshCZ6iErlEZVRBFz+gVvaMP48V4Mz6Nr8lowphGuIv+lDH6Af5tnxQ=</latexit>

ds2 = dt2 � a(t)2
�
dx2 + dy2 + dz2

�



Širjenje vesolja
Friedman-Lemaitre-Robertson-Walker

<latexit sha1_base64="Y8heo6yB4Pt67fZVvmAtjKCFZUo=">AAACH3icbZDLSgMxFIYz9VbrrerSTbAoLWKZKVrdCBU3LivYC7S1ZDKZNjRzITkj1lLwQdz4Km5cKCLu+jZm2i609UA4H/9/QnJ+OxRcgWmOjMTC4tLySnI1tba+sbmV3t6pqiCSlFVoIAJZt4ligvusAhwEq4eSEc8WrGb3rmK/ds+k4oF/C/2QtTzS8bnLKQEttdNFR90V8OEFdkD3Y0yykNPQFMyFrPOg8Qg7/Ul7jA3JO13ItdMZM2+OC8+DNYUMmla5nf5uOgGNPOYDFUSphmWG0BoQCZwKNkw1I8VCQnukwxoafeIx1RqM9xviA6042A2kPj7gsfr7xoB4SvU9W096BLpq1ovF/7xGBO55a8D9MALm08lDbiQwBDgOCztcMgqir4FQyfVfMe0SSSjoSFM6BGt25XmoFvJWMX96c5IpXT5N4kiiPbSPsshCZ6iErlEZVRBFz+gVvaMP48V4Mz6Nr8lowphGuIv+lDH6Af5tnxQ=</latexit>

ds2 = dt2 � a(t)2
�
dx2 + dy2 + dz2

�

<latexit sha1_base64="G0nL853zGA2eDz6kBV7qUWM/vlY=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMQL2FXfB0jXjxGMA9IljA7mU2GzM4uM71CCAG/wIsHRbz6Q978G2eTHDSxoKGo6qa7K0ikMOi6305uZXVtfSO/Wdja3tndK+4fNEycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw9vMbz5ybUSsHnCUcD+ifSVCwShmEi3jabdYcivuFGSZeHNSgjlq3eJXpxezNOIKmaTGtD03QX9MNQom+aTQSQ1PKBvSPm9bqmjEjT+e3johJ1bpkTDWthSSqfp7YkwjY0ZRYDsjigOz6GXif147xfDaHwuVpMgVmy0KU0kwJtnjpCc0ZyhHllCmhb2VsAHVlKGNp2BD8BZfXiaNs4p3Wbm4Py9Vb55mceThCI6hDB5cQRXuoAZ1YDCAZ3iFNydyXpx352PWmnPmER7CHzifP4ebjlE=</latexit>

a(t) skalirni faktor

<latexit sha1_base64="YCG4mrA2et3et2Bo8lV7JZCSAQg=">AAAB9XicbVDJSgNBEK1xjXGLevTSGIR4CTPidvAQ8eIxglkgGUNPp5M06ekZumuUMAT8DC8eFPHqv3jzb+wsB018UNTjvSq6+gWxFAZd99tZWFxaXlnNrGXXNza3tnM7u1UTJZrxCotkpOsBNVwKxSsoUPJ6rDkNA8lrQf965NceuDYiUnc4iLkf0q4SHcEoWumeFpBcEmy5R7Z5rVzeLbpjkHniTUkepii3cl/NdsSSkCtkkhrT8NwY/ZRqFEzyYbaZGB5T1qdd3rBU0ZAbPx1fPSSHVmmTTqRtKSRj9fdGSkNjBmFgJ0OKPTPrjcT/vEaCnQs/FSpOkCs2eaiTSIIRGUVA2kJzhnJgCWVa2FsJ61FNGdqgsjYEb/bL86R6XPTOiqe3J/nS1dMkjgzswwEUwINzKMENlKECDDQ8wyu8OY/Oi/PufExGF5xphHvwB87nD1pEkOE=</latexit>

a(t < t0) < 1

Homogeno in izotropno vesolje
na velikih skalah > Mpc

[FLRW 20-30s]

<latexit sha1_base64="BiNzK5ry1j+2ZJskPy6PnYByU1M=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUGIlzAjbhch4sVjBLNAMgw1nU7SpGehuyYQhoAf4sWDIl79E2/+jZ3loIkPqni8V0VXvyCRQqPjfFu5ldW19Y38ZmFre2d3z94/qOs4VYzXWCxj1QxAcykiXkOBkjcTxSEMJG8Eg7uJ3xhypUUcPeIo4V4IvUh0BQM0km/bUELfOaU3FHzHdNe3i07ZmYIuE3dOimSOqm9/tTsxS0MeIZOgdct1EvQyUCiY5ONCO9U8ATaAHm8ZGkHItZdNLx/TE6N0aDdWpiKkU/X3Rgah1qMwMJMhYF8vehPxP6+VYvfay0SUpMgjNnuom0qKMZ3EQDtCcYZyZAgwJcytlPVBAUMTVsGE4C5+eZnUz8ruZfni4bxYuX2axZEnR+SYlIhLrkiF3JMqqRFGhuSZvJI3K7NerHfrYzaas+YRHpI/sD5/AOKqkaQ=</latexit>

a(t0) = a0 = 1

danes

<latexit sha1_base64="MJ+bMYmKkp6JBwz7uIGSEOcM1cI=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8Ei1E1JxNuy4sZlBXuBNoTJdNIOnUzCzIlYQsEnceNCEbe+iDvfxmnahbb+MPDxnzOcc/4gEVyD43xbhZXVtfWN4mZpa3tnd8/eL7d0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Obab39wJTmsbyHccK8iAwkDzklYCzfLpMq4J4QGHznJAfXtytOzcmFl8GdQwXN1fDtr14/pmnEJF BBtO66TgJeRhRwKtik1Es1SwgdkQHrGpQkYtrL8t0n+Ng4fRzGyjwJOHd//8hIpPU4CkxnRGCoF2tT879aN4Xwysu4TFJgks4Ghak5NMbTIHCfK0ZBjA0QqrjZFdMhUYSCiatkQnAXT16G1mnNvaid351V6tdPsziK6BAdoSpy0SWqo1vUQE1E0SN6Rq/ozZpYL9a79TFrLVjzCA/QH1mfP2z6kyo=</latexit>

a(t ⌧ t0) ⌧ 1

zgodnje vesolje



Širjenje vesolja
Ukrivljenost vesolja [FLRW 20-30s]

ds2 = dt2 � a(t)2
�
dx2 + dy2 + dz2

�

= dt2 � a(t)2
✓

dr2

1� kr2
+ r2d⌦2

◆

<latexit sha1_base64="ND4Bfo2LcLLe7B7LDtb6k3mWRZA="></latexit>

Zaprto

Odprto

Ravno
<latexit sha1_base64="PAqHCiLrHI6m0V5HfbFq4YESehs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxonlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6xGV5rF8MOME/YgOJA85o8ZK96Mrt1euuFV3BvKXeDmpQI56r/zZ7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oQcWaVPwljZkobM1J8TGY20HkeB7YyoGepFbyr+53VSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsv/yXNk6p3Xj27O63UrvM4inAAh3AMHlxADW6hDg1gMIAneIFXRzjPzpvzPm8tOPnMPvyC8/ENxeWNeg==</latexit>

k = 0

<latexit sha1_base64="AAEwwNDgLyx27+Kzi43NxkFgH1s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHoBePEc0DkiXMTnqTIbOzy8ysEJZ8ghcPinj1i7z5N06SPWi0oKGo6qa7K0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W4+oNI/lgxkn6Ed0IHnIGTVWuh9dub1yxa26M5C/xMtJBXLUe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkyCp9EsbKljRkpv6cyGik9TgKbGdEzVAvelPxP6+TmvDSz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8+S9pnlS98+rZ3Wmldp3HUYQDOIRj8OACanALdWgAgwE8wQu8OsJ5dt6c93lrwcln9uEXnI9vxGCNeQ==</latexit>

k < 0

<latexit sha1_base64="lG+yLEzfR3O6pLeWiUuZx946MEw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr5MEvXiMaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSwfzDhBP6IDyUPOqLHS/ejK7ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV8/uTiu16zyOIhzAIRyDBxdQg1uoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDx2qNew==</latexit>

k > 0

Meritve



Hubblov diagram
Širjenje vesolja [Hubble ’29]

Hubblov parameter

<latexit sha1_base64="nZnhxEM6ck+6otce7GiOWoKFFXI=">AAACJ3icbZDJSgNBEIZ74hbjFvXopTEInsKMuF2UiJccI5hESEKo6fQkTXoWumvEMAz4MF58FS+CiujRN7GzENRY0PDx119U1+9GUmi07U8rMze/sLiUXc6trK6tb+Q3t2o6jBXjVRbKUN24oLkUAa+iQMlvIsXBdyWvu/3LYb9+y5UWYXCNg4i3fOgGwhMM0Ejt/HmZntGmp4AlTppAOsYm8jtMOimkU8R0amx2QqQwdNN2vmAX7VHRWXAmUCCTqrTzL2aaxT4PkEnQuuHYEbYSUCiY5GmuGWseAetDlzcMBuBz3UpGd6Z0zygd6oXKvADpSP05kYCv9cB3jdMH7Om/vaH4X68Ro3faSkQQxcgDNl7kxZJiSIeh0Y5QnKEcGACmhPkrZT0wWaCJNmdCcP6ePAu1g6JzXDy6OiyULu7HcWTJDtkl+8QhJ6REyqRCqoSRB/JEXsmb9Wg9W+/Wx9iasSYRbpNfZX19A+WCp6A=</latexit>

H =
1

a

da

dt
=

ȧ

a



Hubblov parameter
Hitrost zvezd (redshift) je sorazmerna razdalji

<latexit sha1_base64="pGtYdhO/d4r18Oz7tcWs3uEu8Aw=">AAAB83icbZBLSwMxFIXv1Fetr1GXboJFcCFlRnxthIqbLivYB3SGkslk2tBMZkgyhTIU/BVuXCji1j/jzn9j+lho64HAxzk35OYEKWdKO863VVhZXVvfKG6WtrZ3dvfs/YOmSjJJaIMkPJHtACvKmaANzTSn7VRSHAectoLB/SRvDalULBGPepRSP8Y9wSJGsDaWN0S3qNZ1kHeGwq5ddirOVGgZ3DmUYa561/7ywoRkMRWacKxUx3VS7edYakY4HZe8TNEUkwHu0Y5BgWOq/Hy68xidGCdEUSLNERpN3d83chwrNYoDMxlj3VeL2cT8L+tkOrrxcybSTFNBZg9FGUc6QZMCUMgkJZqPDGAimdkVkT6WmGhTU8mU4C5+eRma5xX3qnL5cFGu3j3N6ijCERzDKbhwDVWoQR0aQCCFZ3iFNyuzXqx362M2WrDmFR7CH1mfP31dkHE=</latexit>

v = H0 d

<latexit sha1_base64="DwIwWV7f6BqyKrrMg4p4lAbLNL4="></latexit>

H0 = [68� 74]
km

s

1

Mpc
= h⇥ 100

km

s

1

Mpc

Hubblova konstanta danes



Hubblov parameter

CMB

BAO+Lensing+BBN Sn1A + Cepheids

Time delays of quasars

BAO+Lensing+BBN

early universe

(indirect)

combined in 5.3 sigma

tension with Planck

Sn1A + Red giants

Carnegie-Chicago (Freedman et al. 2019)

69.8± 0.8

<latexit sha1_base64="Q7ChTSjVl47YbOYVXI7AB6Bznwo=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQtKmNdkV3bisYB/QhDKZTtqhM0mYmQgl9DfcuFDErT/jzr9x0lZQ0QMXzpxzL3PvCVNGpbKsD2NtfWNza7u0U97d2z84rBwdd2WSCUw6OGGJ6IdIEkZj0lFUMdJPBUE8ZKQXTq8Lv3dPhKRJfKdmKQk4Gsc0ohgpLflNz3Shn3Jome6wUrVMy2k4XlM/6w3H8dyC1OqWY0PbtBaoghXaw8q7P0pwxkmsMENSDmwrVUGOhKKYkXnZzyRJEZ6iMRloGiNOZJAvdp7Dc62MYJQIXbGCC/X7RI64lDMe6k6O1ET+9grxL2+QqcgNchqnmSIxXn4UZQyqBBYBwBEVBCs20wRhQfWuEE+QQFjpmMo6hK9L4f+kWzNtx/RunWrrahVHCZyCM3ABbHAJWuAGtEEHYJCCB/AEno3MeDRejNdl65qxmjkBP2C8fQKnnJAs</latexit>

z = 1100

<latexit sha1_base64="ZWYW10ku3VlvgIW4Xzy44d5gaok=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnoQil48VrDbQruUbJptY7PJkmSFuvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+ga9lqghtEsmlaodYU84EbRpmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlfynK89z3V654lbdGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFFkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5WXin1W9WvXyrlapX+dxFOEIjuEUPDiHOtxCA5pA4AGe4RXeHOm8OO/Ox7y14OQzh/AHzucPLM2OOw==</latexit>

late universe

(direct)



Rdeči premik
Valovna dolžina se raztegne (redshift), premik v rdeči IR del spektra

<latexit sha1_base64="UYEJb/zGEmU0tHmLUVwIw5pbCM4=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARK0JIxNumUHHjsoK9QBPKZDJph04uzEyEGgI+hBtfxY0LRdzqzrdx2lTQ1gMD3/z/mcv53ZhRIU3zSyvMzS8sLhWXSyura+sb+uZWU0QJx6SBIxbxtosEYTQkDUklI+2YExS4jLTcweXIb90SLmgU3shhTJwA9ULqU4ykkrq6gSryAFah7XOEUytLrcO7DFbzrc3URR7az34o6+pl0zDHBWfBmkAZTKre1T9tL8JJQEKJGRKiY5mxdFLEJcWMZCU7ESRGeIB6pKMwRAERTjqeK4N7SvGgH3G1QgnH6u8TKQqEGAau6gyQ7ItpbyT+53US6Z87KQ3jRJIQ5w/5CYMygqOQoEc5wZINFSDMqforxH2kIpEqypIKwZoeeRaaR4Z1apxcH5drF/d5HEWwA3ZBBVjgDNTAFaiDBsDgATyBF/CqPWrP2pv2nrcWtEmE2+BPaR/fqhafeA==</latexit>

a(t) =
1

1 + z
=

�0

�

Svetloba (npr. zvezd) se razteza in energija se manjša, valovna dolžina se veča



Prostor-čas in vsebina vesolja so povezani

John Wheeler: "Spacetime tells matter how to 
move; matter tells spacetime how to curve.”

<latexit sha1_base64="BaFoiVkhsI0tUVC0106uOKE+C6Y=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VQkJKIj26Eoou6kgp9QRPCZDpph04mYWYilNBvcOOvuHGhiFtX7vwbJ21BbT1wuYdz7mXmHj9mVCrL+jJyC4tLyyv51cLa+sbmlrm905RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7jO/NY9EZJGvK6GMXFD1OM0oBgpLXnmUdVLnTCBDk9G8BKWoRNT6BzDqnebtfqP65lFq2SNAeeJPSVFMEXNMz+dboSTkHCFGZKyY1uxclMkFMWMjApOIkmM8AD1SEdTjkIi3XR80ggeaKULg0jo4gqO1d8bKQqlHIa+ngyR6stZLxP/8zqJCspuSnmcKMLx5KEgYVBFMMsHdqkgWLGhJggLqv8KcR8JhJVOsaBDsGdPnifNk5J9Xjq7Oy1WrqZx5MEe2AeHwAYXoAJuQA00AAYP4Am8gFfj0Xg23oz3yWjOmO7sgj8wPr4BSfabYA==</latexit>

Gµ⌫ = 8⇡GN Tµ⌫

Einsteinova enačba

Vsebino vesolja opiše tenzor energije

Prostor-čas opisuje metrika (FLRW)
<latexit sha1_base64="K9bWSj5Jx2mx3XwPabVmTGQZPyw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx60GMEs8DMEHo6PUmTXoZehDDkM7x4UMSrX+PNv7GTzEETHxQ83quiql6SMaqN7397pZXVtfWN8mZla3tnd6+6f9DW0ipMWlgyqboJ0oRRQVqGGka6mSKIJ4x0ktHt1O88EaWpFI9mnJGYo4GgKcXIOCm86+URtzASdtKr1vy6PwNcJkFBaqBAs1f9ivoSW06EwQxpHQZ+ZuIcKUMxI5NKZDXJEB6hAQkdFYgTHeezkyfwxCl9mErlShg4U39P5IhrPeaJ6+TIDPWiNxX/80Jr0us4pyKzhgg8X5RaBo2E0/9hnyqCDRs7grCi7laIh0ghbFxKFRdCsPjyMmmf1YPL+sXDea1xU8RRBkfgGJyCAFyBBrgHTdACGEjwDF7Bm2e8F+/d+5i3lrxi5hD8gff5AyL0kS0=</latexit>

Gµ⌫

<latexit sha1_base64="r4kAkmtlgFV/x+pW3SZQbXuiLA0=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx68RghG8wMoafTkzTpZehFCEM+w4sHRbz6Nd78GzvJHDTxQcHjvSqq6iUZo9r4/rdXWlvf2Nwqb1d2dvf2D6qHRx0trcKkjSWTqpcgTRgVpG2oYaSXKYJ4wkg3Gd/P/O4TUZpK0TKTjMQcDQVNKUbGSWGrn0fcwkjYab9a8+v+HHCVBAWpgQLNfvUrGkhsOREGM6R1GPiZiXOkDMWMTCuR1SRDeIyGJHRUIE50nM9PnsIzpwxgKpUrYeBc/T2RI671hCeukyMz0sveTPzPC61Jb+OciswaIvBiUWoZNBLO/ocDqgg2bOIIwoq6WyEeIYWwcSlVXAjB8surpHNRD67rV4+XtcZdEUcZnIBTcA4CcAMa4AE0QRtgIMEzeAVvnvFevHfvY9Fa8oqZY/AH3ucPNyqROg==</latexit>

Tµ⌫



Einsteinova enačba

Vsebino vesolja opiše tenzor energije

Prostor-čas opisuje metrika (FLRW)
<latexit sha1_base64="K9bWSj5Jx2mx3XwPabVmTGQZPyw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx60GMEs8DMEHo6PUmTXoZehDDkM7x4UMSrX+PNv7GTzEETHxQ83quiql6SMaqN7397pZXVtfWN8mZla3tnd6+6f9DW0ipMWlgyqboJ0oRRQVqGGka6mSKIJ4x0ktHt1O88EaWpFI9mnJGYo4GgKcXIOCm86+URtzASdtKr1vy6PwNcJkFBaqBAs1f9ivoSW06EwQxpHQZ+ZuIcKUMxI5NKZDXJEB6hAQkdFYgTHeezkyfwxCl9mErlShg4U39P5IhrPeaJ6+TIDPWiNxX/80Jr0us4pyKzhgg8X5RaBo2E0/9hnyqCDRs7grCi7laIh0ghbFxKFRdCsPjyMmmf1YPL+sXDea1xU8RRBkfgGJyCAFyBBrgHTdACGEjwDF7Bm2e8F+/d+5i3lrxi5hD8gff5AyL0kS0=</latexit>

Gµ⌫

<latexit sha1_base64="r4kAkmtlgFV/x+pW3SZQbXuiLA0=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx68RghG8wMoafTkzTpZehFCEM+w4sHRbz6Nd78GzvJHDTxQcHjvSqq6iUZo9r4/rdXWlvf2Nwqb1d2dvf2D6qHRx0trcKkjSWTqpcgTRgVpG2oYaSXKYJ4wkg3Gd/P/O4TUZpK0TKTjMQcDQVNKUbGSWGrn0fcwkjYab9a8+v+HHCVBAWpgQLNfvUrGkhsOREGM6R1GPiZiXOkDMWMTCuR1SRDeIyGJHRUIE50nM9PnsIzpwxgKpUrYeBc/T2RI671hCeukyMz0sveTPzPC61Jb+OciswaIvBiUWoZNBLO/ocDqgg2bOIIwoq6WyEeIYWwcSlVXAjB8surpHNRD67rV4+XtcZdEUcZnIBTcA4CcAMa4AE0QRtgIMEzeAVvnvFevHfvY9Fa8oqZY/AH3ucPNyqROg==</latexit>

Tµ⌫

<latexit sha1_base64="iYXJ/i6EOvIqw/kPvscmi7YUWXY="></latexit>

Tµ⌫ =

0

BB@

⇢ 0 0 0
0 p 0 0
0 0 p 0
0 0 0 p

1

CCA

<latexit sha1_base64="GuES0VmFbWSn+FpYuWlh+Ud5Gqs=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRLxtay4cVnBPiAJZTKZtEMnM2HmRiih4E+4caGIW7/GnX/j9LHQ1gMXDufcy733RJngBlz32ymtrK6tb5Q3K1vbO7t71f2DtlG5pqxFlVC6GxHDBJesBRwE62aakTQSrBMNbyd+55Fpw5V8gFHGwpT0JU84JWAlP9ADhQMRKzC9as2tu1PgZeLNSQ3N0exVv4JY0TxlEqggxviem0FYEA2cCjauBLlhGaFD0me+pZKkzITF9OQxPrFKjBOlbUnAU/X3REFSY0ZpZDtTAgOz6E3E/zw/h+Q6LLjMcmCSzhYlucCg8OR/HHPNKIiRJYRqbm/FdEA0oWBTqtgQvMWXl0n7rO5d1i/uz2uNm6dZHGV0hI7RKfLQFWqgO9RELUSRQs/oFb054Lw4787HrLXkzCM8RH/gfP4AWz+RuA==</latexit>⇢ . . .

<latexit sha1_base64="fozHqqkgN6tm4kzKHzo3nIz6ZXI=">AAAB73icbVDJSgNBEK1xjXGLevTSGARPYUbcjhEvHiOYBZIh9PT0JE16esbuGiEMAb/BiwdFvPo73vwbO8tBEx8UPN6roqpekEph0HW/naXlldW19cJGcXNre2e3tLffMEmmGa+zRCa6FVDDpVC8jgIlb6Wa0ziQvBkMbsZ+85FrIxJ1j8OU+zHtKREJRtFKrZR0ZJig6ZbKbsWdgCwSb0bKMEOtW/rqhAnLYq6QSWpM23NT9HOqUTDJR8VOZnhK2YD2eNtSRWNu/Hxy74gcWyUkUaJtKSQT9fdETmNjhnFgO2OKfTPvjcX/vHaG0ZWfC5VmyBWbLooySTAh4+dJKDRnKIeWUKaFvZWwPtWUoY2oaEPw5l9eJI3TindROb87K1evn6ZxFOAQjuAEPLiEKtxCDerAQMIzvMKb8+C8OO/Ox7R1yZlFeAB/4Hz+AA0ekGU=</latexit>p . . .

gostota energije

pritisk

Materija

Sevanje

Kozmološka konstanta

Tip snovi

+ eksotika

Prostor-čas in vsebina vesolja so povezani



⌦x =
⇢x
⇢crit

<latexit sha1_base64="VyyO/9/891q9GlZUndhMBHmczAw=">AAACFXicbVDJSgNBFOxxjXGLevTSGAQPEmYkoB6UgBdvRjALZMLQ03mTNPYsdL+RhGF+wou/4sWDIl4Fb/6NneXgVtB0UfUejyo/kUKjbX9ac/MLi0vLhZXi6tr6xmZpa7up41RxaPBYxqrtMw1SRNBAgRLaiQIW+hJa/u3F2G/dgdIijm5wlEA3ZP1IBIIzNJJXOnSvQugzb0jPqBsoxjNXDWJvmE//zEUYYsaVwDzPvVLZrtgT0L/EmZEymaHulT7cXszTECLkkmndcewEuxlTKLiEvOimGhLGb1kfOoZGLATdzSapcrpvlB4NYmVehHSift/IWKj1KPTNZMhwoH97Y/E/r5NicNLNRJSkCBGfHgpSSTGm44poTyjgKEeGsHFywSkfMNMNmiKLpgTnd+S/pHlUcaqV0+tquXY+q6NAdskeOSAOOSY1cknqpEE4uSeP5Jm8WA/Wk/VqvU1H56zZzg75Aev9Cz6zoC8=</latexit>

⌦tot = ⌦⇤ + ⌦m + ⌦� + . . .

<latexit sha1_base64="jHmT/qLjCt17a9WGYtJCxjqlU7U="></latexit>

⌦exp
tot ' 1

<latexit sha1_base64="SinVDScqOr4VYHoSgIYWdl1AicQ=">AAACEnicbVA9SwNBEN3z2/gVtbRZDII24U4CaiOCjZ0K5gNyMextJnFx9+7cnRPDcb/Bxr9iY6GIrZWd/8ZNcoUmPhh4+94MO/OCWAqDrvvtTE3PzM7NLywWlpZXVteK6xs1EyWaQ5VHMtKNgBmQIoQqCpTQiDUwFUioB7enA79+D9qIKLzCfgwtxXqh6ArO0Ert4p5/rqDH2qmP8IApRphl1/kDHuIso74RCu6o1y6W3LI7BJ0kXk5KJMdFu/jldyKeKAiRS2ZM03NjbKVMo+ASsoKfGIgZv2U9aFoaMgWmlQ5PyuiOVTq0G2lbIdKh+nsiZcqYvgpsp2J4Y8a9gfif10ywe9hKRRgnCCEffdRNJMWIDvKhHaGBo+xbwrgWdlfKb5hmHG2KBRuCN37yJKntl71K+eiyUjo5zuNYIFtkm+wSjxyQE3JGLkiVcPJInskreXOenBfn3fkYtU45+cwm+QPn8wcg458B</latexit>

⌦⇤

<latexit sha1_base64="tXAsz8Ik4TrUHML92mRzdaDqfb8=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNcyUSu1GCm5cCFawD+gMQyaTtqFJZkgyhTL0T9y4UMStf+LOvzF9CD4PBA7n3MO9OVHKqNKu+24VVlbX1jeKm6Wt7Z3dPXv/oK2STGLSwglLZDdCijAqSEtTzUg3lQTxiJFONLqc+Z0xkYom4k5PUhJwNBC0TzHSRgpt27/hZIDC3L82oRhNQ7vsOvV6xTurwd/Ec9w5ymCJZmi/+XGCM06Exgwp1fPcVAc5kppiRqYlP1MkRXiEBqRnqECcqCCfXz6FJ0aJYT+R5gkN5+rXRI64UhMemUmO9FD99GbiX14v0/3zIKcizTQReLGonzGoEzirAcZUEqzZxBCEJTW3QjxEEmFtyiqZEj5/Cv8n7YrjVZ36bbXcuFjWUQRH4BicAg/UQANcgSZoAQzG4B48gicrtx6sZ+tlMVqwlplD8A3W6wcBLZPv</latexit>

⌦DM

<latexit sha1_base64="3/+Nwytd8IiijKX4CXrKXacE0PM=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiB4GmZCJOYiAT14ESOYBSZD6On0JE16Gbp7hDDkM7x4UMSrX+PNv7GzCK4PCh7vVVFVL0oY1cbz3p3c0vLK6lp+vbCxubW9U9zda2mZKkyaWDKpOhHShFFBmoYaRjqJIohHjLSj0fnUb98RpakUt2ackJCjgaAxxchYKeheczJAveziatIrljy3Viv7J1X4m/iuN0MJLNDoFd+6fYlTToTBDGkd+F5iwgwpQzEjk0I31SRBeIQGJLBUIE50mM1OnsAjq/RhLJUtYeBM/TqRIa71mEe2kyMz1D+9qfiXF6QmPg0zKpLUEIHni+KUQSPh9H/Yp4pgw8aWIKyovRXiIVIIG5tSwYbw+Sn8n7TKrl9xazeVUv1sEUceHIBDcAx8UAV1cAkaoAkwkOAePIInxzgPzrPzMm/NOYuZffANzusHnPiRgA==</latexit>

⌦� = 5⇥ 10�5

<latexit sha1_base64="V/oL5lLcdhOIyAW2YO0x/7TkyYM=">AAACC3icbVA9SwNBEN2LXzF+RS1tlgTBxnAnCWqhBGzsjGA+IHeGuc0mWbJ7d+zuCeFIb+NfsbFQxNY/YOe/cZNcoYkPBh7vzTAzz484U9q2v63M0vLK6lp2PbexubW9k9/da6gwloTWSchD2fJBUc4CWtdMc9qKJAXhc9r0h1cTv/lApWJhcKdHEfUE9APWYwS0kTr5gnsjaB86idsHIWCML3AFu5oJqrBj3yfHlXEnX7RL9hR4kTgpKaIUtU7+y+2GJBY00ISDUm3HjrSXgNSMcDrOubGiEZAh9Gnb0ADMMi+Z/jLGh0bp4l4oTQUaT9XfEwkIpUbCN50C9EDNexPxP68d696Zl7AgijUNyGxRL+ZYh3gSDO4ySYnmI0OASGZuxWQAEog28eVMCM78y4ukcVJyyqXz23KxepnGkUUHqICOkINOURVdoxqqI4Ie0TN6RW/Wk/VivVsfs9aMlc7soz+wPn8Ar6SZiw==</latexit>

⌦GW . 10�11

<latexit sha1_base64="nqoHXi6sGt6eBycIn3VxrKQUmwE=">AAACBnicbVA9SwNBEN2LXzF+RS1FWAyCjeFWAmojAQvtjGA+IInH3maSLNm9O3b3hHCksvGv2FgoYutvsPPfuEmu0MQHA4/3ZpiZ50eCa+O6305mYXFpeSW7mltb39jcym/v1HQYKwZVFopQNXyqQfAAqoYbAY1IAZW+gLo/uBz79QdQmofBnRlG0Ja0F/AuZ9RYycvvt24k9KiXXNVHuCVAa80lJu59ckzIyMsX3KI7AZ4nJCUFlKLi5b9anZDFEgLDBNW6SdzItBOqDGcCRrlWrCGibEB70LQ0oBJ0O5m8McKHVungbqhsBQZP1N8TCZVaD6VvOyU1fT3rjcX/vGZsumfthAdRbCBg00XdWGAT4nEmuMMVMCOGllCmuL0Vsz5VlBmbXM6GQGZfnie1kyIpFc9vS4XyRRpHFu2hA3SECDpFZXSNKqiKGHpEz+gVvTlPzovz7nxMWzNOOrOL/sD5/AGg05fx</latexit>

⌦C⌫B ' 1.3⇥ 10�5

<latexit sha1_base64="KdVL7FYLxZS0MPr69dF1A34gLwQ=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIurDMaEXdSLEbd1awF+iMQyZN29AkMyYZoQzzDG58FTcuFHHryp1vY3pZaOsPgY//nMPJ+YOIUaVt+9vKzM0vLC5ll3Mrq2vrG/nNrboKY4lJDYcslM0AKcKoIDVNNSPNSBLEA0YaQb8yrDceiFQ0FLd6EBGPo66gHYqRNpafP3CvOekiP6m4IoaXKXQV5eQeOsVj6GqDCjr2XXJ4kvr5gl20R4Kz4EygACaq+vkvtx3imBOhMUNKtRw70l6CpKaYkTTnxopECPdRl7QMCmSWecnopBTuGacNO6E0T2g4cn9PJIgrNeCB6eRI99R0bWj+V2vFunPmJVREsSYCjxd1YgZ1CIf5wDaVBGs2MICwpOavEPeQRFibFHMmBGf65FmoHxWdUvH8plQoX0ziyIIdsAv2gQNOQRlcgSqoAQwewTN4BW/Wk/VivVsf49aMNZnZBn9kff4AQeqb8Q==</latexit>

Sevanje

Nevtrini

Gravitacijski valovi

Za ravno 
vesolje, k=0

Energija vesolja



Vroče vesolje
Zavrtimo čas nazaj, vesolje se krči in energija fotonov se veča

Fotoni so bili nekoč del plazme delcev, tesno sklopljeni z ostalimi

Kozmično mikrovalovno ozadje = Big bang



CMB - zgodovina
Kozmično mikrovalovno ozadje = Big bang

[Penzias, Wilson ’64]Nepojasjen šum na mikrovalovni dolžini (golobi?)

Stohastičen šum
1978

Prisoten na celem nebu,
100x močnejši od ozadja

V skladu z Big bangom

[Gamow; Dicke, Peebles, Wilkinson]

Penzias, Wilson

‘Rojstvo’ moderne kozmologije



CMB - sateliti

[1989-1993] [2001-2010] [2009-2013]



CMB - meritve
Meritve ustrezajo spektru popolnega črnega telesa

Svetloba ‘ujeta’ v plazmo

<latexit sha1_base64="5SRe0YNTHfyRTfPkDfTrfRTtwc4=">AAACD3icbZC7TsMwGIWdcivlFmBksahALJSE+1jEAluRepOatnJcp7Xq2JHtIFVRJB6AhVdhYQAhVlY23gb3MkDLL1n6dM5v2ef4EaNKO863lZmbX1hcyi7nVlbX1jfsza2qErHEpIIFE7LuI0UY5aSiqWakHkmCQp+Rmt+/Hvq1eyIVFbysBxFphqjLaUAx0kZq2/u30IukiLSAXiARTjwet07ShLSSHjR81C+nh27atvNOwRkNnAV3AnkwmVLb/vI6Asch4RozpFTDdSLdTJDUFDOS5rxYkQjhPuqShkGOQqKayShPCveM0oGBkOZwDUfq7xsJCpUahL7ZDJHuqWlvKP7nNWIdXDYTyqNYE47HDwUxgyb9sBzYoZJgzQYGEJbU/BXiHjK1aFNhzpTgTkeehepxwT0vnN2d5otXD+M6smAH7IID4IILUAQ3oAQqAINH8AxewZv1ZL1Y79bHeDVjTSrcBn/G+vwBhGKcvw==</latexit>

I / ⌫3

eh⌫/kT � 1

<latexit sha1_base64="ukORpJyweI1B5zDluCO+HshnU+8=">AAACCXicbZBLSwMxFIUz9VXrq+rSTbAIrspMsdaNUO1GEKFCX9AOQyZN29DMg+SOWIYBV278K25cKOLWf+DOf2P6WGjrgcDhOzck97ih4ApM89tILS2vrK6l1zMbm1vbO9ndvYYKIklZnQYikC2XKCa4z+rAQbBWKBnxXMGa7rAyzpt3TCoe+DUYhcz2SN/nPU4JaORkcc2JO8DuIa7cXCYJPseFfKlQxFOGrxMnmzPz5kR40Vgzk0MzVZ3sV6cb0MhjPlBBlGpbZgh2TCRwKliS6USKhYQOSZ+1tfWJx5QdTzZJ8JEmXdwLpD4+4An9fSMmnlIjz9WTHoGBms/G8L+sHUHvzI65H0bAfDp9qBcJDAEe14K7XDIKYqQNoZLrv2I6IJJQ0OVldAnW/MqLplHIW6f54u1JrnzxMK0jjQ7QITpGFiqhMrpCVVRHFD2iZ/SK3own48V4Nz6moyljVuE++iPj8wc2BJkp</latexit>

TCMB = 2.725 K

‘Orodje’ za kozmologijo



Big bang
CMB je dokaz, da je bilo vesolje nekoč v termičnem ravnovesju

Interakcijska stopnja
Velikost vesolja - Hubblov parameter

<latexit sha1_base64="hJ9Sx1nwoHHVkNAr5nppaZo46ws=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUbcjhEvOSZgFkiG0NOpSdr09AzdPUIYAt69eFDEq5/kzb+xsxw08UHB470qquoFieDauO63s7K6tr6xmdvKb+/s7u0XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTfzmIyrNY3lvRgn6Ee1LHnJGjZVqlW6h6JbcKcgy8eakCHNUu4WvTi9maYTSMEG1bntuYvyMKsOZwHG+k2pMKBvSPrYtlTRC7WfTQ8fk1Co9EsbKljRkqv6eyGik9SgKbGdEzUAvehPxP6+dmvDGz7hMUoOSzRaFqSAmJpOvSY8rZEaMLKFMcXsrYQOqKDM2m7wNwVt8eZk0zkveVemydlEs3z7N4sjBMZzAGXhwDWWoQBXqwADhGV7hzXlwXpx352PWuuLMIzyCP3A+fwDGbI1V</latexit>

H
<latexit sha1_base64="GclJBAB+KmviCcRf+qIYT7LcvHU=">AAAB7XicbVDJSgNBEO2JW4xb1KOXxiB4CjPidox40GMEs0AyhJpOT9Kml6G7RwhDwE/w4kERr/6PN//GznLQxAcFj/eqqKoXJZwZ6/vfXm5peWV1Lb9e2Njc2t4p7u7VjUo1oTWiuNLNCAzlTNKaZZbTZqIpiIjTRjS4HvuNR6oNU/LeDhMaCuhJFjMC1kn19g0IAZ1iyS/7E+BFEsxICc1Q7RS/2l1FUkGlJRyMaQV+YsMMtG WE01GhnRqaABlAj7YclSCoCbPJtSN85JQujpV2JS2eqL8nMhDGDEXkOgXYvpn3xuJ/Xiu18WWYMZmklkoyXRSnHFuFx6/jLtOUWD50BIhm7lZM+qCBWBdQwYUQzL+8SOon5eC8fHZ3WqpcPU3jyKMDdIiOUYAuUAXdoiqqIYIe0DN6RW+e8l68d+9j2przZhHuoz/wPn8Aft6Pfg==</latexit>

�

<latexit sha1_base64="nBRpBzB9v6JnGkpYg7cJu7GP9/0=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidpKIB3OMYBZMQqjpdJIm3T1Dd48QQsCP8OJBEa/+jTf/xs5y0MQHBY/3qqiqF8aCG+v7315qaXlldS29ntnY3Nreye7uVUyUaMrKNBKRroVomOCKlS23gtVizVCGglXD/s3Yrz4ybXik7u0gZk2JXcU7nKJ10kPjFqVEckWKrWzOz/sTkEUSzEgOZii1sl+NdkQTyZSlAo2pB35sm0PUllPBRplGYliMtI9dVndUoWSmOZxcPCJHTmmTTqRdKUsm6u+JIUpjBjJ0nRJtz8x7Y/E/r57YzmVzyFWcWKbodFEnEcRGZPw+aXPNqBUDR5Bq7m4ltIcaqXUhZVwIwfzLi6Rykg/O82d3p7nC9dM0jjQcwCEcQwAXUIAilKAMFBQ8wyu8ecZ78d69j2lryptFuA9/4H3+AEjQkGw=</latexit>

� > H
<latexit sha1_base64="wRdB0jjIthVL/biJMGO2O3+g0CM=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFcFVmxNey4sIuK9gHdIaSSTNtaJIZk4xQS8H/4caFIm79Ke78N6aPhbYeCHycc0NuTpRypo3nfTtLyyura+u5jfzm1vZOwd3dq+skU4TWSMIT1YywppxJWjPMcNpMFcUi4rQR9a/HeeOBKs0SeWcGKQ0F7koWM4KNtdpuIbjBQmAUaCboPaq03aJX8iZCi+DPoAgzVdvuV9BJSCaoNIRjrVu+l5pwiJVhhNNRPsg0TTHp4y5tWZRYUB0OJ4uP0JF1OihOlD3SoIn7+8YQC60HIrKTApuens/G5n9ZKzPxZThkMs0MlWT6UJxxZBI0bgF1mKLE8IEFTBSzuyLSwwoTY7vK2xL8+S8vQv2k5J+Xzm5Pi+Wrp2kdOTiAQzgGHy6gDBWoQg0IZPAMr/DmPDovzrvzMR1dcmYV7sMfOZ8/9H6TDA==</latexit>

� ' H
<latexit sha1_base64="/L4QYJKaMe7M0yhmSEXZVT5RbN0=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidvAQ8WCOEcyCSQg1nU7SpLtn6O4RQgj4EV48KOLVv/Hm39hZDpr4oODxXhVV9cJYcGN9/9tLLS2vrK6l1zMbm1vbO9ndvYqJEk1ZmUYi0rUQDRNcsbLlVrBarBnKULBq2L8Z+9VHpg2P1L0dxKwpsat4h1O0Tnpo3KKUSK5IsZXN+Xl/ArJIghnJwQylVvar0Y5oIpmyVKAx9cCPbXOI2nIq2CjTSAyLkfaxy+qOKpTMNIeTi0fkyClt0om0K2XJRP09MURpzECGrlOi7Zl5byz+59UT27lsDrmKE8sUnS7qJILYiIzfJ22uGbVi4AhSzd2thPZQI7UupIwLIZh/eZFUTvLBef7s7jRXuH6axpGGAziEYwjgAgpQhBKUgYKCZ3iFN894L9679zFtTXmzCPfhD7zPH0XEkGo=</latexit>

� < H

v ravnovesju na robu izven ravnovesja



Big bang
Te

m
pe

ra
tu

ra
 (

K
)

Čas (sek)



Big bang
RekombinacijaNukleosintezaNevtrini

Temna snov?

Fazni prehodi?



Rekombinacija

Elektroni izginejo in tik za tem vesolje 
postane prozorno, nastane CMB

Elektroni in protoni trkajo s fotoni

<latexit sha1_base64="YNUV97mDEvEHsKM1iLzhfBlyIWk=">AAAB6nicdVDLSgNBEJz1GeMr6tHLYBC8uOxKnreIF48RzQOSNcxOOsmQ2dllZlYIS8Af8OJBEa9+kTf/xkk2gooWNBRV3XR3+RFnSjvOh7W0vLK6tp7ZyG5ube/s5vb2myqMJYUGDXko2z5RwJmAhmaaQzuSQAKfQ8sfX8z81h1IxUJxoycReAEZCjZglGgjXcPtaS+Xd+yq41aLZZySSmFBSlXs2s4cebRAvZd77/ZDGgcgNOVEqY7rRNpLiNSMcphmu7GCiNAxGULHUEECUF4yP3WKj43Sx4NQmhIaz9XvEwkJlJoEvukMiB6p395M/MvrxHpQ8RImoliDoOmiQcyxDvHsb9xnEqjmE0MIlczciumISEK1SSdrQvj6FP9Pmme2W7KLV4V87fw+jSODDtEROkEuKqMaukR11EAUDdEDekLPFrcerRfrNW1dshYRHqAfsN4+AZrajnE=</latexit>

e�

<latexit sha1_base64="VJRYL7yXgxKZBlwdKaRAIMBXCoo=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBAEYdmVPG8RLx4jmgcka5idTJIhs7PLzKwQloA/4MWDIl79Im/+jZNsBBUtaCiquunu8iPOlHacD2tpeWV1bT2zkd3c2t7Zze3tN1UYS0IbJOShbPtYUc4EbWimOW1HkuLA57Tljy9mfuuOSsVCcaMnEfUCPBRswAjWRrqObk97ubxjVx23WiyjlFQKC1KqItd25sjDAvVe7r3bD0kcUKEJx0p1XCfSXoKlZoTTabYbKxphMsZD2jFU4IAqL5mfOkXHRumjQShNCY3m6veJBAdKTQLfdAZYj9Rvbyb+5XViPah4CRNRrKkg6aJBzJEO0exv1GeSEs0nhmAimbkVkRGWmGiTTtaE8PUp+p80z2y3ZBevCvna+X0aRwYO4QhOwIUy1OAS6tAAAkN4gCd4trj1aL1Yr2nrkrWI8AB+wHr7BKiUjno=</latexit>

p+

vodik

<latexit sha1_base64="hJG7JlVhRXSxCDBs2LT0cFDuFgE=">AAAB6nicbVDJSgNBEK1xjXGLevTSGAQvhhlxO0a8eIxoFkjG0NOpSZr09AzdPUIYAv6AFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dhYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf965Fff0SleSzvzSBBP6JdyUPOqLHSHT4ctwtFt+SOQeaJNyVFmKLSLny1OjFLI5SGCap103MT42dUGc 4EDvOtVGNCWZ92sWmppBFqPxufOiSHVumQMFa2pCFj9fdERiOtB1FgOyNqenrWG4n/ec3UhJd+xmWSGpRssihMBTExGf1NOlwhM2JgCWWK21sJ61FFmbHp5G0I3uzL86R2UvLOS2e3p8Xy1dMkjhzswwEcgQcXUIYbqEAVGHThGV7hzRHOi/PufExaF5xphHvwB87nDxAcjhE=</latexit>

e�

<latexit sha1_base64="pGl5j9CmSSWb9uINW9ulFx+ffCY=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjhEvHiOYBZIh1HR6kjbdPUN3jxBCwE/w4kERr/6PN//GznLQxAcFj/eqqKoXpYIb6/vf3tLyyuraem4jv7m1vbNb2NuvmSTTlFVpIhLdiNAwwRWrWm4Fa6SaoYwEq0f9m7Fff2Ta8ETd20HKQoldxWNO0Tqp1uqilNguFP2SPwFZJMGMFGGGSrvw1eokNJNMWSrQmGbgpzYcor acCjbKtzLDUqR97LKmowolM+Fwcu2IHDulQ+JEu1KWTNTfE0OUxgxk5Dol2p6Z98bif14zs/FVOOQqzSxTdLoozgSxCRm/TjpcM2rFwBGkmrtbCe2hRmpdQHkXQjD/8iKpnZaCi9L53VmxfP00jSMHh3AEJxDAJZThFipQBQoP8Ayv8OYl3ov37n1MW5e8WYQH8Afe5w+v3o+e</latexit>�

<latexit sha1_base64="hJG7JlVhRXSxCDBs2LT0cFDuFgE=">AAAB6nicbVDJSgNBEK1xjXGLevTSGAQvhhlxO0a8eIxoFkjG0NOpSZr09AzdPUIYAv6AFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dhYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf965Fff0SleSzvzSBBP6JdyUPOqLHSHT4ctwtFt+SOQeaJNyVFmKLSLny1OjFLI5SGCap103MT42dUGc4EDvOtVGNCWZ92sWmppBFqPxufOiSHVumQMFa2pCFj9fdERiOtB1FgOyNqenrWG4n/ec3UhJd+xmWSGpRssihMBTExGf1NOlwhM2JgCWWK21sJ61FFmbHp5G0I3uzL86R2UvLOS2e3p8Xy1dMkjhzswwEcgQcXUIYbqEAVGHThGV7hzRHOi/PufExaF5xphHvwB87nDxAcjhE=</latexit>

e�

<latexit sha1_base64="pGl5j9CmSSWb9uINW9ulFx+ffCY=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjhEvHiOYBZIh1HR6kjbdPUN3jxBCwE/w4kERr/6PN//GznLQxAcFj/eqqKoXpYIb6/vf3tLyyuraem4jv7m1vbNb2NuvmSTTlFVpIhLdiNAwwRWrWm4Fa6SaoYwEq0f9m7Fff2Ta8ETd20HKQoldxWNO0Tqp1uqilNguFP2SPwFZJMGMFGGGSrvw1eokNJNMWSrQmGbgpzYcoracCjbKtzLDUqR97LKmowolM+Fwcu2IHDulQ+JEu1KWTNTfE0OUxgxk5Dol2p6Z98bif14zs/FVOOQqzSxTdLoozgSxCRm/TjpcM2rFwBGkmrtbCe2hRmpdQHkXQjD/8iKpnZaCi9L53VmxfP00jSMHh3AEJxDAJZThFipQBQoP8Ayv8OYl3ov37n1MW5e8WYQH8Afe5w+v3o+e</latexit>�

<latexit sha1_base64="hJG7JlVhRXSxCDBs2LT0cFDuFgE=">AAAB6nicbVDJSgNBEK1xjXGLevTSGAQvhhlxO0a8eIxoFkjG0NOpSZr09AzdPUIYAv6AFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dhYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf965Fff0SleSzvzSBBP6JdyUPOqLHSHT4ctwtFt+SOQeaJNyVFmKLSLny1OjFLI5SGCap103MT42dUGc4EDvOtVGNCWZ92sWmppBFqPxufOiSHVumQMFa2pCFj9fdERiOtB1FgOyNqenrWG4n/ec3UhJd+xmWSGpRssihMBTExGf1NOlwhM2JgCWWK21sJ61FFmbHp5G0I3uzL86R2UvLOS2e3p8Xy1dMkjhzswwEcgQcXUIYbqEAVGHThGV7hzRHOi/PufExaF5xphHvwB87nDxAcjhE=</latexit>

e�

<latexit sha1_base64="X6ZIzvPLBntsmuJOHcbNJQ21s+Y="></latexit>

kBT� ' ERy = 13,6 eV

Nabita plazma se spoji v nevtralen vodik

Fotoni se ohladijo, vodik ostaja



CMB - meritve
Zelo natančne meritve izmerijo majhna odstopanja

Dekompozicija v sferične harmonike, multipoli

Euclid in prihajajoče misije

Planck



Nukleosinteza

Zgodnje vesolje

<latexit sha1_base64="VJRYL7yXgxKZBlwdKaRAIMBXCoo=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBAEYdmVPG8RLx4jmgcka5idTJIhs7PLzKwQloA/4MWDIl79Im/+jZNsBBUtaCiquunu8iPOlHacD2tpeWV1bT2zkd3c2t7Zze3tN1UYS0IbJOShbPtYUc4EbWimOW1HkuLA57Tljy9mfuuOSsVCcaMnEfUCPBRswAjWRrqObk97ubxjVx23WiyjlFQKC1KqItd25sjDAvVe7r3bD0kcUKEJx0p1XCfSXoKlZoTTabYbKxphMsZD2jFU4IAqL5mfOkXHRumjQShNCY3m6veJBAdKTQLfdAZYj9Rvbyb+5XViPah4CRNRrKkg6aJBzJEO0exv1GeSEs0nhmAimbkVkRGWmGiTTtaE8PUp+p80z2y3ZBevCvna+X0aRwYO4QhOwIUy1OAS6tAAAkN4gCd4trj1aL1Yr2nrkrWI8AB+wHr7BKiUjno=</latexit>

p+

D
<latexit sha1_base64="u31nMsz7EsZi29veSVZu+AW9gRg=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ikn7eKF48t2A9oQ9lst+3azSbsboQSCt69eFDEqz/Jm//GbVNBRR8MPN6bYWaeH3GmtON8WJm19Y3Nrex2bmd3b/8gf3jUVmEsCW2RkIey62NFORO0pZnmtBtJigOf044/vVr4nTsqFQvFjZ5F1AvwWLARI1gbqSkG+YJj1xy3VqqglFSLK1KuIdd2lijACo1B/r0/DEkcUKEJx0r1XCfSXoKlZoTTea4fKxphMsVj2jNU4IAqL1keOkdnRhmiUShNCY2W6veJBAdKzQLfdAZYT9RvbyH+5fViPap6CRNRrKkg6aJRzJEO0eJrNGSSEs1nhmAimbkVkQmWmGiTTc6E8PUp+p+0L2y3bJeaxUL98j6NIwsncArn4EIF6nANDWgBAQoP8ATP1q31aL1Yr2lrxlpFeAw/YL19AorRjds=</latexit>n

Mase nukleonov dajo številske gostote

<latexit sha1_base64="X7VwRV+4zqDp0uBvQeDHdyP2S74=">AAAB/XicbZBLSwMxFIUz9VXrqz52boJFcFVmxNey4saNUKEvaIeSSe+0oZkHyR2xDkV/ihsXirj1f7jz35g+Ftp6IPBxzg25OV4shUbb/rYyC4tLyyvZ1dza+sbmVn57p6ajRHGo8khGquExDVKEUEWBEhqxAhZ4Eupe/2qU1+9AaRGFFRzE4AasGwpfcIbGauf3KrTVRZMHtIVwj+kN1IbtfMEu2mPReXCmUCBTldv5r1Yn4kkAIXLJtG46doxuyhQKLmGYayUaYsb7rAtNgyELQLvpePshPTROh/qRMidEOnZ/30hZoPUg8MxkwLCnZ7OR+V/WTNC/cFMRxglCyCcP+YmkGNFRFbQjFHCUAwOMK2F2pbzHFONoCsuZEpzZL89D7bjonBVPb08KpcunSR1Zsk8OyBFxyDkpkWtSJlXCyQN5Jq/kzXq0Xqx362MymrGmFe6SP7I+fwBvQ5Wj</latexit>

T & MeV

<latexit sha1_base64="pOLXpN5TyPSrV81O/j7aAbcynOM=">AAACE3icbZDLSgMxFIYzXmu9VV26CRahCtaZ4m0jVN24rNAb9DJk0kwbmmSGJCOUYcBHcOOruHGhiFs37nwb08tCWw8k/Pz/OSTn80JGlbbtb2tufmFxaTm1kl5dW9/YzGxtV1UQSUwqOGCBrHtIEUYFqWiqGamHkiDuMVLz+jfDvHZPpKKBKOtBSFocdQX1KUbaWG7msOlLhGPhhom5RAIvIWnHOe4KeAS5Gx7gduG4717DcuJmsnbeHhWcFc5EZMGkSm7mq9kJcMSJ0JghpRqOHepWjKSmmJEk3YwUCRHuoy5pGCkQJ6oVj3ZK4L5xOtAPpDlCw5H7eyJGXKkB90wnR7qnprOh+V/WiLR/0YqpCCNNBB4/5EcM6gAOAcEOlQRrNjACYUnNXyHuIQNJG4xpA8GZXnlWVAt55yx/eneSLV49jHGkwC7YAznggHNQBLegBCoAg0fwDF7Bm/VkvVjv1se4dc6aINwBf8r6/AHgY51G</latexit>np

nn
= e(mn�mp)c

2/kBT

<latexit sha1_base64="VJRYL7yXgxKZBlwdKaRAIMBXCoo=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBAEYdmVPG8RLx4jmgcka5idTJIhs7PLzKwQloA/4MWDIl79Im/+jZNsBBUtaCiquunu8iPOlHacD2tpeWV1bT2zkd3c2t7Zze3tN1UYS0IbJOShbPtYUc4EbWimOW1HkuLA57Tljy9mfuuOSsVCcaMnEfUCPBRswAjWRrqObk97ubxjVx23WiyjlFQKC1KqItd25sjDAvVe7r3bD0kcUKEJx0p1XCfSXoKlZoTTabYbKxphMsZD2jFU4IAqL5mfOkXHRumjQShNCY3m6veJBAdKTQLfdAZYj9Rvbyb+5XViPah4CRNRrKkg6aJBzJEO0exv1GeSEs0nhmAimbkVkRGWmGiTTtaE8PUp+p80z2y3ZBevCvna+X0aRwYO4QhOwIUy1OAS6tAAAkN4gCd4trj1aL1Yr2nrkrWI8AB+wHr7BKiUjno=</latexit>

p+

Prosti nevtroni razpadejo

D



Nukleosinteza

Tvorijo se lažja jedra

<latexit sha1_base64="VJRYL7yXgxKZBlwdKaRAIMBXCoo=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBAEYdmVPG8RLx4jmgcka5idTJIhs7PLzKwQloA/4MWDIl79Im/+jZNsBBUtaCiquunu8iPOlHacD2tpeWV1bT2zkd3c2t7Zze3tN1UYS0IbJOShbPtYUc4EbWimOW1HkuLA57Tljy9mfuuOSsVCcaMnEfUCPBRswAjWRrqObk97ubxjVx23WiyjlFQKC1KqItd25sjDAvVe7r3bD0kcUKEJx0p1XCfSXoKlZoTTabYbKxphMsZD2jFU4IAqL5mfOkXHRumjQShNCY3m6veJBAdKTQLfdAZYj9Rvbyb+5XViPah4CRNRrKkg6aJBzJEO0exv1GeSEs0nhmAimbkVkRGWmGiTTtaE8PUp+p80z2y3ZBevCvna+X0aRwYO4QhOwIUy1OAS6tAAAkN4gCd4trj1aL1Yr2nrkrWI8AB+wHr7BKiUjno=</latexit>

p+

D

<latexit sha1_base64="u31nMsz7EsZi29veSVZu+AW9gRg=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ikn7eKF48t2A9oQ9lst+3azSbsboQSCt69eFDEqz/Jm//GbVNBRR8MPN6bYWaeH3GmtON8WJm19Y3Nrex2bmd3b/8gf3jUVmEsCW2RkIey62NFORO0pZnmtBtJigOf044/vVr4nTsqFQvFjZ5F1AvwWLARI1gbqSkG+YJj1xy3VqqglFSLK1KuIdd2lijACo1B/r0/DEkcUKEJx0r1XCfSXoKlZoTTea4fKxphMsVj2jNU4IAqL1keOkdnRhmiUShNCY2W6veJBAdKzQLfdAZYT9RvbyH+5fViPap6CRNRrKkg6aJRzJEO0eJrNGSSEs1nhmAimbkVkQmWmGiTTc6E8PUp+p+0L2y3bJeaxUL98j6NIwsncArn4EIF6nANDWgBAQoP8ATP1q31aL1Yr2lrxlpFeAw/YL19AorRjds=</latexit>n

<latexit sha1_base64="VJRYL7yXgxKZBlwdKaRAIMBXCoo=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBAEYdmVPG8RLx4jmgcka5idTJIhs7PLzKwQloA/4MWDIl79Im/+jZNsBBUtaCiquunu8iPOlHacD2tpeWV1bT2zkd3c2t7Zze3tN1UYS0IbJOShbPtYUc4EbWimOW1HkuLA57Tljy9mfuuOSsVCcaMnEfUCPBRswAjWRrqObk97ubxjVx23WiyjlFQKC1KqItd25sjDAvVe7r3bD0kcUKEJx0p1XCfSXoKlZoTTabYbKxphMsZD2jFU4IAqL5mfOkXHRumjQShNCY3m6veJBAdKTQLfdAZYj9Rvbyb+5XViPah4CRNRrKkg6aJBzJEO0exv1GeSEs0nhmAimbkVkRGWmGiTTtaE8PUp+p80z2y3ZBevCvna+X0aRwYO4QhOwIUy1OAS6tAAAkN4gCd4trj1aL1Yr2nrkrWI8AB+wHr7BKiUjno=</latexit>

p+

Devterij, Helij, Tricij*

Litij, Berilij*

Meritve potrjujejo to sliko



Nukleosinteza
Medgalaktični plini lahkih elementov

V skladu z CMB meritvami, Li problem

Odvisno od količine barionov

<latexit sha1_base64="4txyLolW1rh6TJRxGOP3Vne9NR4="></latexit>

⌘ =
nb � nb

n�
⇠ 10�10

snov > anti-snov ?

Težji elementi nastanejo v zvezdah



Nevtrini
Big bang napove kozmično ozadje fotonov CMB

<latexit sha1_base64="hJG7JlVhRXSxCDBs2LT0cFDuFgE=">AAAB6nicbVDJSgNBEK1xjXGLevTSGAQvhhlxO0a8eIxoFkjG0NOpSZr09AzdPUIYAv6AFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dhYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf965Fff0SleSzvzSBBP6JdyUPOqLHSHT4ctwtFt+SOQeaJNyVFmKLSLny1OjFLI5SGCap103MT42dUGc4EDvOtVGNCWZ92sWmppBFqPxufOiSHVumQMFa2pCFj9fdERiOtB1FgOyNqenrWG4n/ec3UhJd+xmWSGpRssihMBTExGf1NOlwhM2JgCWWK21sJ61FFmbHp5G0I3uzL86R2UvLOS2e3p8Xy1dMkjhzswwEcgQcXUIYbqEAVGHThGV7hzRHOi/PufExaF5xphHvwB87nDxAcjhE=</latexit>

e�

<latexit sha1_base64="pGl5j9CmSSWb9uINW9ulFx+ffCY=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjhEvHiOYBZIh1HR6kjbdPUN3jxBCwE/w4kERr/6PN//GznLQxAcFj/eqqKoXpYIb6/vf3tLyyuraem4jv7m1vbNb2NuvmSTTlFVpIhLdiNAwwRWrWm4Fa6SaoYwEq0f9m7Fff2Ta8ETd20HKQoldxWNO0Tqp1uqilNguFP2SPwFZJMGMFGGGSrvw1eokNJNMWSrQmGbgpzYcoracCjbKtzLDUqR97LKmowolM+Fwcu2IHDulQ+JEu1KWTNTfE0OUxgxk5Dol2p6Z98bif14zs/FVOOQqzSxTdLoozgSxCRm/TjpcM2rFwBGkmrtbCe2hRmpdQHkXQjD/8iKpnZaCi9L53VmxfP00jSMHh3AEJxDAJZThFipQBQoP8Ayv8OYl3ov37n1MW5e8WYQH8Afe5w+v3o+e</latexit>�

<latexit sha1_base64="hJG7JlVhRXSxCDBs2LT0cFDuFgE=">AAAB6nicbVDJSgNBEK1xjXGLevTSGAQvhhlxO0a8eIxoFkjG0NOpSZr09AzdPUIYAv6AFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dhYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf965Fff0SleSzvzSBBP6JdyUPOqLHSHT4ctwtFt+SOQeaJNyVFmKLSLny1OjFLI5SGCap103MT42dUGc4EDvOtVGNCWZ92sWmppBFqPxufOiSHVumQMFa2pCFj9fdERiOtB1FgOyNqenrWG4n/ec3UhJd+xmWSGpRssihMBTExGf1NOlwhM2JgCWWK21sJ61FFmbHp5G0I3uzL86R2UvLOS2e3p8Xy1dMkjhzswwEcgQcXUIYbqEAVGHThGV7hzRHOi/PufExaF5xphHvwB87nDxAcjhE=</latexit>

e�

<latexit sha1_base64="pGl5j9CmSSWb9uINW9ulFx+ffCY=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjhEvHiOYBZIh1HR6kjbdPUN3jxBCwE/w4kERr/6PN//GznLQxAcFj/eqqKoXpYIb6/vf3tLyyuraem4jv7m1vbNb2NuvmSTTlFVpIhLdiNAwwRWrWm4Fa6SaoYwEq0f9m7Fff2Ta8ETd20HKQoldxWNO0Tqp1uqilNguFP2SPwFZJMGMFGGGSrvw1eokNJNMWSrQmGbgpzYcoracCjbKtzLDUqR97LKmowolM+Fwcu2IHDulQ+JEu1KWTNTfE0OUxgxk5Dol2p6Z98bif14zs/FVOOQqzSxTdLoozgSxCRm/TjpcM2rFwBGkmrtbCe2hRmpdQHkXQjD/8iKpnZaCi9L53VmxfP00jSMHh3AEJxDAJZThFipQBQoP8Ayv8OYl3ov37n1MW5e8WYQH8Afe5w+v3o+e</latexit>�

<latexit sha1_base64="hJG7JlVhRXSxCDBs2LT0cFDuFgE=">AAAB6nicbVDJSgNBEK1xjXGLevTSGAQvhhlxO0a8eIxoFkjG0NOpSZr09AzdPUIYAv6AFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dhYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf965Fff0SleSzvzSBBP6JdyUPOqLHSHT4ctwtFt+SOQeaJNyVFmKLSLny1OjFLI5SGCap103MT42dUGc4EDvOtVGNCWZ92sWmppBFqPxufOiSHVumQMFa2pCFj9fdERiOtB1FgOyNqenrWG4n/ec3UhJd+xmWSGpRssihMBTExGf1NOlwhM2JgCWWK21sJ61FFmbHp5G0I3uzL86R2UvLOS2e3p8Xy1dMkjhzswwEcgQcXUIYbqEAVGHThGV7hzRHOi/PufExaF5xphHvwB87nDxAcjhE=</latexit>

e�

<latexit sha1_base64="DXZhBP0/+AIlicXxzHCJAbmGWjI=">AAAB+XicbZBLSwMxFIXv1Fetr1GXboJFcFVmxNdKKip22YJ9QDsMmTTThiYzQ5IplKHgD3HjQhG3/hN3/hvTx0KrBwIf59yQmxMknCntOF9Wbml5ZXUtv17Y2Nza3rF39xoqTiWhdRLzWLYCrChnEa1rpjltJZJiEXDaDAY3k7w5pFKxOHrQo4R6AvciFjKCtbF82+7cYyGwn9XubsfoClV8u+iUnKnQX3DnUIS5qr792enGJBU00oRjpdquk2gvw1Izwum40EkVTTAZ4B5tG4ywoMrLppuP0ZFxuiiMpTmRRlP3540MC6VGIjCTAuu+Wswm5n9ZO9XhpZexKEk1jcjsoTDlSMdoUgPqMkmJ5iMDmEhmdkWkjyUm2pRVMCW4i1/+C42TknteOqudFsvXj7M68nAAh3AMLlxAGSpQhToQGMITvMCrlVnP1pv1PhvNWfMK9+GXrI9vDNuTCg==</latexit>

�QED > H

<latexit sha1_base64="hJG7JlVhRXSxCDBs2LT0cFDuFgE=">AAAB6nicbVDJSgNBEK1xjXGLevTSGAQvhhlxO0a8eIxoFkjG0NOpSZr09AzdPUIYAv6AFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dhYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf965Fff0SleSzvzSBBP6JdyUPOqLHSHT4ctwtFt+SOQeaJNyVFmKLSLny1OjFLI5SGCap103MT42dUGc4EDvOtVGNCWZ92sWmppBFqPxufOiSHVumQMFa2pCFj9fdERiOtB1FgOyNqenrWG4n/ec3UhJd+xmWSGpRssihMBTExGf1NOlwhM2JgCWWK21sJ61FFmbHp5G0I3uzL86R2UvLOS2e3p8Xy1dMkjhzswwEcgQcXUIYbqEAVGHThGV7hzRHOi/PufExaF5xphHvwB87nDxAcjhE=</latexit>

e�

<latexit sha1_base64="pGl5j9CmSSWb9uINW9ulFx+ffCY=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjhEvHiOYBZIh1HR6kjbdPUN3jxBCwE/w4kERr/6PN//GznLQxAcFj/eqqKoXpYIb6/vf3tLyyuraem4jv7m1vbNb2NuvmSTTlFVpIhLdiNAwwRWrWm4Fa6SaoYwEq0f9m7Fff2Ta8ETd20HKQoldxWNO0Tqp1uqilNguFP2SPwFZJMGMFGGGSrvw1eokNJNMWSrQmGbgpzYcoracCjbKtzLDUqR97LKmowolM+Fwcu2IHDulQ+JEu1KWTNTfE0OUxgxk5Dol2p6Z98bif14zs/FVOOQqzSxTdLoozgSxCRm/TjpcM2rFwBGkmrtbCe2hRmpdQHkXQjD/8iKpnZaCi9L53VmxfP00jSMHh3AEJxDAJZThFipQBQoP8Ayv8OYl3ov37n1MW5e8WYQH8Afe5w+v3o+e</latexit>�

<latexit sha1_base64="hJG7JlVhRXSxCDBs2LT0cFDuFgE=">AAAB6nicbVDJSgNBEK1xjXGLevTSGAQvhhlxO0a8eIxoFkjG0NOpSZr09AzdPUIYAv6AFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dhYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf965Fff0SleSzvzSBBP6JdyUPOqLHSHT4ctwtFt+SOQeaJNyVFmKLSLny1OjFLI5SGCap103MT42dUGc4EDvOtVGNCWZ92sWmppBFqPxufOiSHVumQMFa2pCFj9fdERiOtB1FgOyNqenrWG4n/ec3UhJd+xmWSGpRssihMBTExGf1NOlwhM2JgCWWK21sJ61FFmbHp5G0I3uzL86R2UvLOS2e3p8Xy1dMkjhzswwEcgQcXUIYbqEAVGHThGV7hzRHOi/PufExaF5xphHvwB87nDxAcjhE=</latexit>

e�

<latexit sha1_base64="Ns+xs0Fy/dSyIU9YbVJBFBqyiH8=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoadTkzTp6Rm6e4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//ohK81jem0GCfkS7koecUWOlO3w4bheKbskdg8wTb0qKMEWlXfhqdWKWRigNE1Trpucmxs+oMpwJHOZbqcaEsj7tYtNSSSPUfjY+dUgOrdIhYaxsSUPG6u+JjEZaD6LAdkbU9PSsNxL/85qpCS/9jMskNSjZZFGYCmJiMvqbdLhCZsTAEsoUt7cS1qOKMmPTydsQvNmX50ntpOSdl85uT4vlq6dJHDnYhwM4Ag8uoAw3UIEqMOjCM7zCmyOcF+fd+Zi0LjjTCPfgD5zPHw0Ujg8=</latexit>

e+
<latexit sha1_base64="Ns+xs0Fy/dSyIU9YbVJBFBqyiH8=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoadTkzTp6Rm6e4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//ohK81jem0GCfkS7koecUWOlO3w4bheKbskdg8wTb0qKMEWlXfhqdWKWRigNE1Trpucmxs+oMpwJHOZbqcaEsj7tYtNSSSPUfjY+dUgOrdIhYaxsSUPG6u+JjEZaD6LAdkbU9PSsNxL/85qpCS/9jMskNSjZZFGYCmJiMvqbdLhCZsTAEsoUt7cS1qOKMmPTydsQvNmX50ntpOSdl85uT4vlq6dJHDnYhwM4Ag8uoAw3UIEqMOjCM7zCmyOcF+fd+Zi0LjjTCPfgD5zPHw0Ujg8=</latexit>

e+

Pri dovolj visokih temperaturah je tudi šibka interakcija v ravnovesju

<latexit sha1_base64="mFz6zh7FN4NqzMX4aK+J76ZBCTo=">AAAB/3icbZBLSwMxFIUz9VXra1Rw4yZYBFdlRnytpCJilxXsAzqlZNK0DU1mhuSOWMYB/StuXCji1r/hzn9j+lho64HAxzk35Ob4keAaHOfbyszNLywuZZdzK6tr6xv25lZVh7GirEJDEaq6TzQTPGAV4CBYPVKMSF+wmt+/HOa1O6Y0D4NbGESsKUk34B1OCRirZe9410RK0ko8YPeQXNXSFJ/jUsvOOwVnJDwL7gTyaKJyy/7y2iGNJQuACqJ1w3UiaCZEAaeCpTkv1iwitE+6rGEwIJLpZjLaP8X7xmnjTqjMCQCP3N83EiK1HkjfTEoCPT2dDc3/skYMnbNmwoMoBhbQ8UOdWGAI8bAM3OaKURADA4QqbnbFtEcUoWAqy5kS3Okvz0L1sOCeFI5vjvLFi8dxHVm0i/bQAXLRKSqiEiqjCqLoAT2jV/RmPVkv1rv1MR7NWJMKt9EfWZ8/btCWIQ==</latexit>

�EW > H
<latexit sha1_base64="NGNIEZGju2pP6HIlMT/zVv77B60=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidox48ZiAWSAZQk+nJmnT0zN09whhCHj34kERr36SN//GznLQxAcFj/eqqKoXJIJr47rfTm5ldW19I79Z2Nre2d0r7h80dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfjNR1Sax/LejBL0I9qXPOSMGivVZLdYcsvuFGSZeHNSgjmq3eJXpxezNEJpmKBatz03MX5GleFM4LjQSTUmlA1pH9uWShqh9rPpoWNyYpUeCWNlSxoyVX9PZDTSehQFtjOiZqAXvYn4n9dOTXjtZ1wmqUHJZovCVBATk8nXpMcVMiNGllCmuL2VsAFVlBmbTcGG4C2+vEwaZ2XvsnxROy9Vbp5mceThCI7hFDy4ggrcQRXqwADhGV7hzXlwXpx352PWmnPmER7CHzifPwATjXs=</latexit>n

<latexit sha1_base64="w4MVWOZF60cWQLi5RPQuwMHXY0E=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoadTkzTp6Rm6e4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//ohK81jem0GCfkS7koecUWOlu+ThuF0ouiV3DDJPvCkpwhSVduGr1YlZGqE0TFCtm56bGD+jynAmcJhvpRoTyvq0i01LJY1Q+9n41CE5tEqHhLGyJQ0Zq78nMhppPYgC2xlR09Oz3kj8z2umJrz0My6T1KBkk0VhKoiJyehv0uEKmREDSyhT3N5KWI8qyoxNJ29D8GZfnie1k5J3Xjq7PS2Wr54mceRgHw7gCDy4gDLcQAWqwKALz/AKb45wXpx352PSuuBMI9yDP3A+fwAd1o4a</latexit>

p+
<latexit sha1_base64="Ns+xs0Fy/dSyIU9YbVJBFBqyiH8=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoadTkzTp6Rm6e4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//ohK81jem0GCfkS7koecUWOlO3w4bheKbskdg8wTb0qKMEWlXfhqdWKWRigNE1Trpucmxs+oMpwJHOZbqcaEsj7tYtNSSSPUfjY+dUgOrdIhYaxsSUPG6u+JjEZaD6LAdkbU9PSsNxL/85qpCS/9jMskNSjZZFGYCmJiMvqbdLhCZsTAEsoUt7cS1qOKMmPTydsQvNmX50ntpOSdl85uT4vlq6dJHDnYhwM4Ag8uoAw3UIEqMOjCM7zCmyOcF+fd+Zi0LjjTCPfgD5zPHw0Ujg8=</latexit>

e+

<latexit sha1_base64="9JFuPLtQvnS1f2ND5SCytBWGi/s=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8cIbhJIljA76U2GzM4uM7NCWAL+gRcPinj1g7z5N04eB00saCiquunuClPBtXHdb6ewsrq2vlHcLG1t7+zulfcPGjrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHtxO/+YhK80Q+mFGKQUz7kkecUWMlvyOzLnbLFbfqTkGWiTcnFZij3i1/dXoJy2KUhgmqddtzUxPkVBnOBI5LnUxjStmQ9rFtqaQx6iCfHjsmJ1bpkShRtqQhU/X3RE5jrUdxaDtjagZ60ZuI/3ntzETXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+ZRsCN7iy8ukcVb1LqsX9+eV2s3TLI4iHMExnIIHV1CDO6iDDww4PMMrvDnSeXHenY9Za8GZR3gIf+B8/gD9pI84</latexit>⌫e

<latexit sha1_base64="ztCoB2NdZH3IQm+g4gNncM/aAnM=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoafTkzTp6Rm6a4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSKFQdf9dhYWl5ZXVnNr+fWNza3tws5uzcSpZrzKYhnrRkANl0LxKgqUvJFoTqNA8nrQvx759UeujYjVPQ4S7ke0q0QoGEUr3dUfjtuFoltyxyDzxJuSIkxRaRe+Wp2YpRFXyCQ1pum5CfoZ1SiY5MN8KzU8oaxPu7xpqaIRN342PnVIDq3SIWGsbSkkY/X3REYjYwZRYDsjij0z643E/7xmiuGlnwmVpMgVmywKU0kwJqO/SUdozlAOLKFMC3srYT2qKUObTt6G4M2+PE9qJyXvvHR2e1osXz1N4sjBPhzAEXhwAWW4gQpUgUEXnuEV3hzpvDjvzsekdcGZRrgHf+B8/gD3sY4B</latexit>

W+
<latexit sha1_base64="s/DuWFklSiMni+uGsqXcfegqowg=">AAAB/3icbVDLSgMxFL3js9bXqODGTbAIrsqM+NoIFTcuK/QFnTJk0rQNTTJDkhFKLeivuHGhiFt/w51/YzrtQlsP3MvhnHvJzYkSzrTxvG9nYXFpeWU1t5Zf39jc2nZ3dms6ThWhVRLzWDUirClnklYNM5w2EkWxiDitR/2bsV+/p0qzWFbMIKEtgbuSdRjBxkqhu18Jgy4WAqMrVAlp1gOZhm7BK3oZ0Dzxp6QAU5RD9ytoxyQVVBrCsdZN30tMa4iVYYTTUT5INU0w6eMubVoqsaC6NczuH6Ejq7RRJ1a2pEGZ+ntjiIXWAxHZSYFNT896Y/E/r5mazmVryGSSGirJ5KFOypGJ0TgM1GaKEsMHlmCimL0VkR5WmBgbWd6G4M9+eZ7UTor+efHs7rRQun6cxJGDAziEY/DhAkpwC2WoAoEHeIZXeHOenBfn3fmYjC440wj34A+czx/j1JUm</latexit>

T� = Te = T⌫

Vesolje je plazma z nevtrini



Nevtrini

Big bang napove kozmično ozadje nevtrinov C   B

<latexit sha1_base64="NGNIEZGju2pP6HIlMT/zVv77B60=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidox48ZiAWSAZQk+nJmnT0zN09whhCHj34kERr36SN//GznLQxAcFj/eqqKoXJIJr47rfTm5ldW19I79Z2Nre2d0r7h80dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfjNR1Sax/LejBL0I9qXPOSMGivVZLdYcsvuFGSZeHNSgjmq3eJXpxezNEJpmKBatz03MX5GleFM4LjQSTUmlA1pH9uWShqh9rPpoWNyYpUeCWNlSxoyVX9PZDTSehQFtjOiZqAXvYn4n9dOTXjtZ1wmqUHJZovCVBATk8nXpMcVMiNGllCmuL2VsAFVlBmbTcGG4C2+vEwaZ2XvsnxROy9Vbp5mceThCI7hFDy4ggrcQRXqwADhGV7hzXlwXpx352PWmnPmER7CHzifPwATjXs=</latexit>n

<latexit sha1_base64="w4MVWOZF60cWQLi5RPQuwMHXY0E=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoadTkzTp6Rm6e4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//ohK81jem0GCfkS7koecUWOlu+ThuF0ouiV3DDJPvCkpwhSVduGr1YlZGqE0TFCtm56bGD+jynAmcJhvpRoTyvq0i01LJY1Q+9n41CE5tEqHhLGyJQ0Zq78nMhppPYgC2xlR09Oz3kj8z2umJrz0My6T1KBkk0VhKoiJyehv0uEKmREDSyhT3N5KWI8qyoxNJ29D8GZfnie1k5J3Xjq7PS2Wr54mceRgHw7gCDy4gDLcQAWqwKALz/AKb45wXpx352PSuuBMI9yDP3A+fwAd1o4a</latexit>

p+
<latexit sha1_base64="Ns+xs0Fy/dSyIU9YbVJBFBqyiH8=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoadTkzTp6Rm6e4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//ohK81jem0GCfkS7koecUWOlO3w4bheKbskdg8wTb0qKMEWlXfhqdWKWRigNE1Trpucmxs+oMpwJHOZbqcaEsj7tYtNSSSPUfjY+dUgOrdIhYaxsSUPG6u+JjEZaD6LAdkbU9PSsNxL/85qpCS/9jMskNSjZZFGYCmJiMvqbdLhCZsTAEsoUt7cS1qOKMmPTydsQvNmX50ntpOSdl85uT4vlq6dJHDnYhwM4Ag8uoAw3UIEqMOjCM7zCmyOcF+fd+Zi0LjjTCPfgD5zPHw0Ujg8=</latexit>

e+

<latexit sha1_base64="9JFuPLtQvnS1f2ND5SCytBWGi/s=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8cIbhJIljA76U2GzM4uM7NCWAL+gRcPinj1g7z5N04eB00saCiquunuClPBtXHdb6ewsrq2vlHcLG1t7+zulfcPGjrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHtxO/+YhK80Q+mFGKQUz7kkecUWMlvyOzLnbLFbfqTkGWiTcnFZij3i1/dXoJy2KUhgmqddtzUxPkVBnOBI5LnUxjStmQ9rFtqaQx6iCfHjsmJ1bpkShRtqQhU/X3RE5jrUdxaDtjagZ60ZuI/3ntzETXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+ZRsCN7iy8ukcVb1LqsX9+eV2s3TLI4iHMExnIIHV1CDO6iDDww4PMMrvDnSeXHenY9Za8GZR3gIf+B8/gD9pI84</latexit>⌫e

<latexit sha1_base64="ztCoB2NdZH3IQm+g4gNncM/aAnM=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoafTkzTp6Rm6a4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSKFQdf9dhYWl5ZXVnNr+fWNza3tws5uzcSpZrzKYhnrRkANl0LxKgqUvJFoTqNA8nrQvx759UeujYjVPQ4S7ke0q0QoGEUr3dUfjtuFoltyxyDzxJuSIkxRaRe+Wp2YpRFXyCQ1pum5CfoZ1SiY5MN8KzU8oaxPu7xpqaIRN342PnVIDq3SIWGsbSkkY/X3REYjYwZRYDsjij0z643E/7xmiuGlnwmVpMgVmywKU0kwJqO/SUdozlAOLKFMC3srYT2qKUObTt6G4M2+PE9qJyXvvHR2e1osXz1N4sjBPhzAEXhwAWW4gQpUgUEXnuEV3hzpvDjvzsekdcGZRrgHf+B8/gD3sY4B</latexit>

W+

Pri ohlajanju se nevtrini odklopijo, vesolje postane prozorno zanje

<latexit sha1_base64="8knp5KrcNRnykcpkzzVPZeorI1U=">AAACBHicbZBLSwMxFIUz9V1fVZdugkVwVWbE17IioksFawudYciktxqazIzJHbEMBd34V9y4UMStP8Kd/8b0sdDqgcDHOTck90SpFAZd98spTExOTc/MzhXnFxaXlksrq5cmyTSHGk9kohsRMyBFDDUUKKGRamAqklCPOkf9vH4L2ogkvsBuCoFiV7FoC87QWmFp3T9hSrEw9xHuMD+u93rUN0LBDT0NS2W34g5E/4I3gjIZ6SwsffqthGcKYuSSGdP03BSDnGkUXEKv6GcGUsY77AqaFmOmwAT5YIke3bROi7YTbU+MdOD+vJEzZUxXRXZSMbw241nf/C9rZtg+CHIRpxlCzIcPtTNJMaH9RmhLaOAouxYY18L+lfJrphlH21vRluCNr/wXLrcr3l5l93ynXD28H9YxS9bJBtkiHtknVXJKzkiNcPJAnsgLeXUenWfnzXkfjhacUYVr5Jecj2+9GJiQ</latexit>

�EW ' H
<latexit sha1_base64="0oVkMFF0GggaTpuiRWCjFP7vsf8=">AAACEnicbZBLSwMxFIUzvq2vqks3wSLopsyIVZcVN24EhT6ETi2Z9NaGZjJjckcsw4D/wI1/xY0LRdy6cue/MX0sfB0IHL5zQ3JPEEth0HU/nYnJqemZ2bn53MLi0vJKfnWtZqJEc6jySEb6ImAGpFBQRYESLmINLAwk1IPe8SCv34A2IlIV7MfQDNmVEh3BGVrUyu9UWr5KLlMf4RbTNvAso74RIVxTr1iiI0xPoZa18gW36A5F/xpvbApkrLNW/sNvRzwJQSGXzJiG58bYTJlGwSVkOT8xEDPeY1fQsFaxEEwzHa6U0S1L2rQTaXsU0iH9fiNloTH9MLCTIcOu+Z0N4H9ZI8HOYTMVKk4QFB891EkkxYgO+qFtoYGj7FvDuBb2r5R3mWYcbYs5W4L3e+W/prZb9PaLpfO9QvnoblTHHNkgm2SbeOSAlMkJOSNVwsk9eSTP5MV5cJ6cV+dtNDrhjCtcJz/kvH8B9I+eCw==</latexit>

T dec
⌫ ' 1.5 MeV

<latexit sha1_base64="AYQ9kEJ4DcR/3iqhY56xY5VqWl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8RLx4jmgckS5idzCZDZmeXmV4hLAF/wIsHRbz6Rd78GyePgyYWNBRV3XR3BYkUBl3328mtrK6tb+Q3C1vbO7t7xf2DholTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geDPxm49cGxGrBxwl3I9oX4lQMIpWuu+otFssuWV3CrJMvDkpwRy1bvGr04tZGnGFTFJj2p6boJ9RjYJJPi50UsMTyoa0z9uWKhpx42fTU8fkxCo9EsbalkIyVX9PZDQyZhQFtjOiODCL3kT8z2unGF75mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFGwI3uLLy6RxVvYuypW781L1+mkWRx6O4BhOwYNLqMIt1KAODPrwDK/w5kjnxXl3PmatOWce4SH8gfP5A4fWjmA=</latexit>⌫

Danes 
(entropija)

<latexit sha1_base64="s/DuWFklSiMni+uGsqXcfegqowg=">AAAB/3icbVDLSgMxFL3js9bXqODGTbAIrsqM+NoIFTcuK/QFnTJk0rQNTTJDkhFKLeivuHGhiFt/w51/YzrtQlsP3MvhnHvJzYkSzrTxvG9nYXFpeWU1t5Zf39jc2nZ3dms6ThWhVRLzWDUirClnklYNM5w2EkWxiDitR/2bsV+/p0qzWFbMIKEtgbuSdRjBxkqhu18Jgy4WAqMrVAlp1gOZhm7BK3oZ0Dzxp6QAU5RD9ytoxyQVVBrCsdZN30tMa4iVYYTTUT5INU0w6eMubVoqsaC6NczuH6Ejq7RRJ1a2pEGZ+ntjiIXWAxHZSYFNT896Y/E/r5mazmVryGSSGirJ5KFOypGJ0TgM1GaKEsMHlmCimL0VkR5WmBgbWd6G4M9+eZ7UTor+efHs7rRQun6cxJGDAziEY/DhAkpwC2WoAoEHeIZXeHOenBfn3fmYjC440wj34A+czx/j1JUm</latexit>

T� = Te = T⌫

<latexit sha1_base64="Ns+xs0Fy/dSyIU9YbVJBFBqyiH8=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoadTkzTp6Rm6e4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//ohK81jem0GCfkS7koecUWOlO3w4bheKbskdg8wTb0qKMEWlXfhqdWKWRigNE1Trpucmxs+oMpwJHOZbqcaEsj7tYtNSSSPUfjY+dUgOrdIhYaxsSUPG6u+JjEZaD6LAdkbU9PSsNxL/85qpCS/9jMskNSjZZFGYCmJiMvqbdLhCZsTAEsoUt7cS1qOKMmPTydsQvNmX50ntpOSdl85uT4vlq6dJHDnYhwM4Ag8uoAw3UIEqMOjCM7zCmyOcF+fd+Zi0LjjTCPfgD5zPHw0Ujg8=</latexit>

e+ <latexit sha1_base64="hJG7JlVhRXSxCDBs2LT0cFDuFgE=">AAAB6nicbVDJSgNBEK1xjXGLevTSGAQvhhlxO0a8eIxoFkjG0NOpSZr09AzdPUIYAv6AFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dhYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf965Fff0SleSzvzSBBP6JdyUPOqLHSHT4ctwtFt+SOQeaJNyVFmKLSLny1OjFLI5SGCap103MT42dUGc4EDvOtVGNCWZ92sWmppBFqPxufOiSHVumQMFa2pCFj9fdERiOtB1FgOyNqenrWG4n/ec3UhJd+xmWSGpRssihMBTExGf1NOlwhM2JgCWWK21sJ61FFmbHp5G0I3uzL86R2UvLOS2e3p8Xy1dMkjhzswwEcgQcXUIYbqEAVGHThGV7hzRHOi/PufExaF5xphHvwB87nDxAcjhE=</latexit>

e�

<latexit sha1_base64="AYQ9kEJ4DcR/3iqhY56xY5VqWl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8RLx4jmgckS5idzCZDZmeXmV4hLAF/wIsHRbz6Rd78GyePgyYWNBRV3XR3BYkUBl3328mtrK6tb+Q3C1vbO7t7xf2DholTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geDPxm49cGxGrBxwl3I9oX4lQMIpWuu+otFssuWV3CrJMvDkpwRy1bvGr04tZGnGFTFJj2p6boJ9RjYJJPi50UsMTyoa0z9uWKhpx42fTU8fkxCo9EsbalkIyVX9PZDQyZhQFtjOiODCL3kT8z2unGF75mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFGwI3uLLy6RxVvYuypW781L1+mkWRx6O4BhOwYNLqMIt1KAODPrwDK/w5kjnxXl3PmatOWce4SH8gfP5A4fWjmA=</latexit>⌫ <latexit sha1_base64="AYQ9kEJ4DcR/3iqhY56xY5VqWl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8RLx4jmgckS5idzCZDZmeXmV4hLAF/wIsHRbz6Rd78GyePgyYWNBRV3XR3BYkUBl3328mtrK6tb+Q3C1vbO7t7xf2DholTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geDPxm49cGxGrBxwl3I9oX4lQMIpWuu+otFssuWV3CrJMvDkpwRy1bvGr04tZGnGFTFJj2p6boJ9RjYJJPi50UsMTyoa0z9uWKhpx42fTU8fkxCo9EsbalkIyVX9PZDQyZhQFtjOiODCL3kT8z2unGF75mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFGwI3uLLy6RxVvYuypW781L1+mkWRx6O4BhOwYNLqMIt1KAODPrwDK/w5kjnxXl3PmatOWce4SH8gfP5A4fWjmA=</latexit>⌫ <latexit sha1_base64="AYQ9kEJ4DcR/3iqhY56xY5VqWl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8RLx4jmgckS5idzCZDZmeXmV4hLAF/wIsHRbz6Rd78GyePgyYWNBRV3XR3BYkUBl3328mtrK6tb+Q3C1vbO7t7xf2DholTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geDPxm49cGxGrBxwl3I9oX4lQMIpWuu+otFssuWV3CrJMvDkpwRy1bvGr04tZGnGFTFJj2p6boJ9RjYJJPi50UsMTyoa0z9uWKhpx42fTU8fkxCo9EsbalkIyVX9PZDQyZhQFtjOiODCL3kT8z2unGF75mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFGwI3uLLy6RxVvYuypW781L1+mkWRx6O4BhOwYNLqMIt1KAODPrwDK/w5kjnxXl3PmatOWce4SH8gfP5A4fWjmA=</latexit>⌫

<latexit sha1_base64="pGl5j9CmSSWb9uINW9ulFx+ffCY=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjhEvHiOYBZIh1HR6kjbdPUN3jxBCwE/w4kERr/6PN//GznLQxAcFj/eqqKoXpYIb6/vf3tLyyuraem4jv7m1vbNb2NuvmSTTlFVpIhLdiNAwwRWrWm4Fa6SaoYwEq0f9m7Fff2Ta8ETd20HKQoldxWNO0Tqp1uqilNguFP2SPwFZJMGMFGGGSrvw1eokNJNMWSrQmGbgpzYcoracCjbKtzLDUqR97LKmowolM+Fwcu2IHDulQ+JEu1KWTNTfE0OUxgxk5Dol2p6Z98bif14zs/FVOOQqzSxTdLoozgSxCRm/TjpcM2rFwBGkmrtbCe2hRmpdQHkXQjD/8iKpnZaCi9L53VmxfP00jSMHh3AEJxDAJZThFipQBQoP8Ayv8OYl3ov37n1MW5e8WYQH8Afe5w+v3o+e</latexit>� <latexit sha1_base64="pGl5j9CmSSWb9uINW9ulFx+ffCY=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjhEvHiOYBZIh1HR6kjbdPUN3jxBCwE/w4kERr/6PN//GznLQxAcFj/eqqKoXpYIb6/vf3tLyyuraem4jv7m1vbNb2NuvmSTTlFVpIhLdiNAwwRWrWm4Fa6SaoYwEq0f9m7Fff2Ta8ETd20HKQoldxWNO0Tqp1uqilNguFP2SPwFZJMGMFGGGSrvw1eokNJNMWSrQmGbgpzYcoracCjbKtzLDUqR97LKmowolM+Fwcu2IHDulQ+JEu1KWTNTfE0OUxgxk5Dol2p6Z98bif14zs/FVOOQqzSxTdLoozgSxCRm/TjpcM2rFwBGkmrtbCe2hRmpdQHkXQjD/8iKpnZaCi9L53VmxfP00jSMHh3AEJxDAJZThFipQBQoP8Ayv8OYl3ov37n1MW5e8WYQH8Afe5w+v3o+e</latexit>�

<latexit sha1_base64="TXyvtGGjzIclDztJwibXMWVoJ4Q=">AAAB+XicbZBLSwMxFIXv1Fetr1GXboJFcFVmxNdKKm5cVugL2mHIpJk2NMkMSaZQhoI/xI0LRdz6T9z5b0wfC60eCHycc0NuTpRypo3nfTmFldW19Y3iZmlre2d3z90/aOokU4Q2SMIT1Y6wppxJ2jDMcNpOFcUi4rQVDe+meWtElWaJrJtxSgOB+5LFjGBjrdB162G3j4XA6AZZlFnolr2KNxP6C/4CyrBQLXQ/u72EZIJKQzjWuuN7qQlyrAwjnE5K3UzTFJMh7tOORYkF1UE+23yCTqzTQ3Gi7JEGzdyfN3IstB6LyE4KbAZ6OZua/2WdzMTXQc5kmhkqyfyhOOPIJGhaA+oxRYnhYwuYKGZ3RWSAFSbGllWyJfjLX/4LzbOKf1m5eDgvV28f53UU4QiO4RR8uIIq3EMNGkBgBE/wAq9O7jw7b877fLTgLCo8hF9yPr4BfmqTVg==</latexit>

T� > T⌫

<latexit sha1_base64="xzxWFpltUwJ45SFhI4CFDDzbVko=">AAACE3icbZDLSgMxGIUzXmu9jbp0EyyCiJQZrZeNUHHjskJv0BlKJs20oUlmTDJCGQZ8BDe+ihsXirh14863Mb0stPWHwOGcE5L/C2JGlXacb2tufmFxaTm3kl9dW9/YtLe26ypKJCY1HLFINgOkCKOC1DTVjDRjSRAPGGkE/eth3rgnUtFIVPUgJj5HXUFDipE2Vts+rLY9kcBL6Kk7qVsnfuqFEuG0lKWum2XQO4Km0UWco7ZdcIrOaOCscCeiACZTadtfXifCCSdCY4aUarlOrP0USU0xI1neSxSJEe6jLmkZKRAnyk9HO2Vw3zgdGEbSHKHhyP19I0VcqQEPTJMj3VPT2dD8L2slOrzwUyriRBOBxw+FCYM6gkNAsEMlwZoNjEBYUvNXiHvIMNEGY95AcKdXnhX146J7Vjy9LRXKVw9jHDmwC/bAAXDBOSiDG1ABNYDBI3gGr+DNerJerHfrY1ydsyYId8CfsT5/AGe4nag=</latexit>

T⌫ = 3

r
4

11
T�

<latexit sha1_base64="URbU3+VuraWfWing2OUIkfRPY7g=">AAACCXicbZBLSwMxFIUzPmt9VV26CRbBVZkRnwtBcSO4qWCr0Cklk962wSQzJnfEMhRcufGvuHGhiFv/gTv/jelj4etA4OOcG5J7okQKi77/6Y2NT0xOTedm8rNz8wuLhaXlqo1Tw6HCYxmby4hZkEJDBQVKuEwMMBVJuIiujvv5xQ0YK2J9jt0E6oq1tWgJztBZjQI9b4Q6pQc0KO1v01MaWqHgmoYIt5gpqPYahaJf8geifyEYQZGMVG4UPsJmzFMFGrlk1tYCP8F6xgwKLqGXD1MLCeNXrA01h5opsPVssEmPrjunSVuxcUcjHbjfb2RMWdtVkZtUDDv2d9Y3/8tqKbb26pnQSYqg+fChViopxrRfC20KAxxl1wHjRri/Ut5hhnF05eVdCcHvlf9CdbMU7JS2z7aKh0d3wzpyZJWskQ0SkF1ySE5ImVQIJ/fkkTyTF+/Be/Jevbfh6Jg3qnCF/JD3/gUDhZkX</latexit>

T⌫ = 1.95K ' meV = izziv (Majorana)



Temna snov



Astrofizika
Rotacijske krivulje galaksij

M33 galaxy

Zwicky et al ’30s, Rubin et al ’70s



Astrofizika
Rotacijske krivulje galaksij

M33 galaxy

<latexit sha1_base64="VtSUwyGM14Kp/Epl0zHsUwmLflM=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhEiQvAYwSySDENPpydp0t0zdPcIYQj4D148KOLVz/Hm39hZDpr4oODxXhVV9cKEM21c99vJLS2vrK7l1wsbm1vbO8XdvYaOU0VoncQ8Vq0Qa8qZpHXDDKetRFEsQk6b4eBm7DcfqdIslvdmmFBf4J5kESPYWOmhGhB0hapBLyiW3LI7AVok3oyUYIZaUPzqdGOSCioN4Vjrtucmxs+wMoxwOip0Uk0TTAa4R9uWSiyo9rPJwSN0ZJUuimJlSxo0UX9PZFhoPRSh7RTY9PW8Nxb/89qpiS79jMkkNVSS6aIo5cjEaPw96jJFieFDSzBRzN6KSB8rTIzNqGBD8OZfXiSNk7J3Xj67Oy1Vrp+mceThAA7hGDy4gArcQg3qQEDAM7zCm6OcF+fd+Zi25pxZhPvwB87nD26tj+4=</latexit>

Fc = Fg

<latexit sha1_base64="jqVxTR/L2lr674WauE7S+d5IsdE="></latexit>

/mv2c
R

=
GN /mM

R2
) vc =

r
GNM

R
' konst.

<latexit sha1_base64="BnzGqqtYC/MD9+hYJCqs9liIVSo=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsyIr41QceOmUMU+oFNKJk3b0MxkSO6IZRgQ3Pgrblwo4tZvcOffmD4W2nrgwuGce0nO8SPBNTjOt5WZm19YXMou51ZW19Y37M2tqpaxoqxCpZCq7hPNBA9ZBTgIVo8UI4EvWM3vXw792h1TmsvwFgYRawakG/IOpwSM1LJ3S/gcl1qJB+wekh4RMk2xFykZgcQ3LTvvFJwR8CxxJySPJii37C+vLWkcsBCoIFo3XCeCZkIUcCpYmvNizSJC+6TLGoaGJGC6mYxipHjfKG3ckcpMCHik/r5ISKD1IPDNZkCgp6e9ofif14ihc9ZMeBjFwEI6fqgTC2wiDjvBba4YBTEwhFDFzV8x7RFFKJjmcqYEdzryLKkeFtyTwvH1Ub548TCuI4t20B46QC46RUV0hcqogih6RM/oFb1ZT9aL9W59jFcz1qTCbfQH1ucPtf6ZEw==</latexit>

M = Mhalo / R
<latexit sha1_base64="m39UQANg/qRP3A9TK0OFsitDH4k="></latexit>

Mhalo =

Z
d3x ⇢DM = 4⇡

Z R

0
dr r2⇢DM (r)

sij 
temne snovi vidna snov



Lastnosti
Nerelativistična

FornaxNGC147

MdSPh & 107M�

<latexit sha1_base64="7Y5lkcU7qWRcDykclBALicwxPj0=">AAACD3icbVC7SgNBFJ31GeMramkzGBSrsCuBaCMBGxshonlAdg2zs5NkyOzOMnNXDMv+gY2/YmOhiK2tnX/j5FFo4oGBwznncucePxZcg21/WwuLS8srq7m1/PrG5tZ2YWe3oWWiKKtTKaRq+UQzwSNWBw6CtWLFSOgL1vQHFyO/ec+U5jK6hWHMvJD0It7llICROoWjq07qAnuANLip9bMMuz0w6RA79l0Fj0wZSMg6haJdssfA88SZkiKaotYpfLmBpEnIIqCCaN127Bi8lCjgVLAs7yaaxYQOSI+1DY1IyLSXju/J8KFRAtyVyrwI8Fj9PZGSUOth6JtkSKCvZ72R+J/XTqB76qU8ihNgEZ0s6iYCg8SjcnDAFaMghoYQqrj5K6Z9oggFU2HelODMnjxPGiclp1w6uy4Xq+fTOnJoHx2gY+SgCqqiS1RDdUTRI3pGr+jNerJerHfrYxJdsKYze+gPrM8fjFCcWQ==</latexit>

vDM '

s
GNMdSph

RdSph
⇠ 10�5

<latexit sha1_base64="Bvx4HvspCNS9YgQpx1668BBzy5A="></latexit>

RdSph ⇠ kpc

<latexit sha1_base64="op2KGOLOy3lc3laNC2frIiePzGs=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIpqBspuHFZH31AE8JkMm2HTh7M3IglZOvGX3HjQhG3/oE7/8Zpm4W2HrhwOOde7r3HTwRXYFnfRmlpeWV1rbxe2djc2t4xd/faKk4lZS0ai1h2faKY4BFrAQfBuolkJPQF6/ijy4nfuWdS8Ti6g3HC3JAMIt7nlICWPBPfeJkD7AGy4DYZ5jl2FA/xTMGjhOaeWbVq1hR4kdgFqaICTc/8coKYpiGLgAqiVM+2EnAzIoFTwfKKkyqWEDoiA9bTNCIhU242/STHR1oJcD+WuiLAU/X3REZCpcahrztDAkM1703E/7xeCv0zN+NRkgKL6GxRPxUYYjyJBQdcMgpirAmhkutbMR0SSSjo8Co6BHv+5UXSPqnZ9dr5db3auCjiKKMDdIiOkY1OUQNdoSZqIYoe0TN6RW/Gk/FivBsfs9aSUczsoz8wPn8AJZiaoA==</latexit>

Spodnja meja na maso
Fermioni

Bozoni

<latexit sha1_base64="mpX0Gj8Kc1w7D1o0tNoQtsWjW78=">AAACDnicbVC7SgNBFJ31bXxFLW0Gg2C17Ep8dQFFbAQFE4UkhtnJ3WTIzO4yc1cMy36Bjb9iY6GIrbWdf+PkUfg6MHA451zu3BMkUhj0vE9nYnJqemZ2br6wsLi0vFJcXauZONUcqjyWsb4OmAEpIqiiQAnXiQamAglXQe9o4F/dgjYiji6xn0BTsU4kQsEZWqlV3FKtBsIdZsdn+c0JbXTQZhX13DId6bQHtbxVLHmuNwT9S/wxKZExzlvFj0Y75qmCCLlkxtR9L8FmxjQKLiEvNFIDCeM91oG6pRFTYJrZ8JycblmlTcNY2xchHarfJzKmjOmrwCYVw6757Q3E/7x6iuFBMxNRkiJEfLQoTCXFmA66oW2hgaPsW8K4FvavlHeZZhxtgwVbgv/75L+ktuP6e+7uRblUORzXMUc2yCbZJj7ZJxVySs5JlXByTx7JM3lxHpwn59V5G0UnnPHMOvkB5/0LGFWbew==</latexit>

mF
DM & 0.4 keV Pauli

<latexit sha1_base64="uJfbJGgQc/uGFMdjtsmWuUID2/A=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoYdgNPjtRCxtBwcRAEsPs5CYZMrO7zNwVw7LfYOOv2FgoYmtl5984eRS+DgwczjmXO/f4kRQGXffTyUxMTk3PZGdzc/MLi0v55ZWKCWPNocxDGeqqzwxIEUAZBUqoRhqY8iVc+72TgX99C9qIMLjCfgQNxTqBaAvO0ErN/JZq1hHuMDk9T2+Oab2DNquo594k26VSSkcmhUrazBfcojsE/Uu8MSmQMS6a+Y96K+SxggC5ZMbUPDfCRsI0Ci4hzdVjAxHjPdaBmqUBU2AayfCklG5YpUXbobYvQDpUv08kTBnTV75NKoZd89sbiP95tRjbB41EBFGMEPDRonYsKYZ00A9tCQ0cZd8SxrWwf6W8yzTjaFvM2RK83yf/JZVS0dsr7l7uFI4Ox3VkyRpZJ5vEI/vkiJyRC1ImnNyTR/JMXpwH58l5dd5G0YwznlklP+C8fwHS8pzq</latexit>

mB
DM & 10�22 eV De Broglie



Lastnosti
Elektromagnetni naboj: temna snov ne sveti, ne sije

Interakcija DM-DM

temna snov

temna snov

plin

<latexit sha1_base64="ITkCQg+Vyop0+DifbBT2xqHINjo="></latexit>

�DM-DM

mDM
< 0.8

barn

GeV

Nukleoni
<latexit sha1_base64="uXt20J348gzF7f2gyNLjoe3nkX0="></latexit>

�n�n

mn
⇠ nekaj barnov

GeV

omejitve iz CMB!
mDM < GeV

QDM < 4⇥ 10�7
⇣mDM

GeV

⌘0.35

<latexit sha1_base64="CGFzAvdn2jqnd4v35FqV6k2eLc8="></latexit>

mDM > GeV

QDM < 3.5⇥ 10�7
⇣mDM

GeV

⌘0.58

<latexit sha1_base64="FHJkNNp5F44tzNLEVjKOWzGq4Dk="></latexit>

<latexit sha1_base64="MysrZu/6tpgWlXJeluiJy1pQTvQ=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiDES5gR14MQ8OIxAbNAMoSeTk3SpGexu0cIQ37CiwdFvPo73vwbO8kcNPFBweO9KqrqebHgStv2t5VbWV1b38hvFra2d3b3ivsHTRUlkmGDRSKSbY8qFDzEhuZaYDuWSANPYMsb3U391hNKxaPwQY9jdAM6CLnPGdVGatfLeEpuidMrluyKPQNZJk5GSpCh1it+dfsRSwIMNRNUqY5jx9pNqdScCZwUuonCmLIRHWDH0JAGqNx0du+EnBilT/xImgo1mam/J1IaKDUOPNMZUD1Ui95U/M/rJNq/dlMexonGkM0X+YkgOiLT50mfS2RajA2hTHJzK2FDKinTJqKCCcFZfHmZNM8qzmXlon5eqt5kceThCI6hDA5cQRXuoQYNYCDgGV7hzXq0Xqx362PemrOymUP4A+vzB9CJjoA=</latexit>

Q(e) = 1



Kandidati
WIMPi

SUSY - MSSM & razširitve

Singleti, dodatni multipleti (Inertni Higgsov dublet)

Razširjene/skrite interakcije (Levo-Desno, Dvojni sektorji, 
temna QCD, ...)

Desno-ročni/sterilni nevtrini

Axioni

Primordialne črne luknje

Dodatni kandidati…

Ekstra dimenzije, Kaluza-Klein stolpi



Kandidati



WIMP

V zgodnjem vesolju je bila 
temna snov v ravnovesju

X = DM

<latexit sha1_base64="hrJK/a/ovgjVqhoodUA9fwcdVVo=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkIAT14ESKYByRLmJ3MJkNmH870BsOS7/DiQRGvfow3/8ZJsgdNLGgoqrrp7vJiKTTa9reVW1ldW9/Ibxa2tnd294r7Bw0dJYrxOotkpFoe1VyKkNdRoOStWHEaeJI3veH11G+OuNIiCh9wHHM3oP1Q+IJRNJLbIlekg/wJ05u7SbdYssv2DGSZOBkpQYZat/jV6UUsCXiITFKt244do5tShYJJPil0Es1jyoa0z9uGhjTg2k1nR0/IiVF6xI+UqRDJTP09kdJA63Hgmc6A4kAvelPxP6+doH/ppiKME+Qhmy/yE0kwItMESE8ozlCODaFMCXMrYQOqKEOTU8GE4Cy+vEwaZ2XnvFy5Py9VK1kceTiCYzgFBy6gCrdQgzoweIRneIU3a2S9WO/Wx7w1Z2Uzh/AH1ucP1YaRfg==</latexit>

X

<latexit sha1_base64="5sBr5DYdP3cOXTAN6SZThHP15Pc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rqXVdrzetKvZbHUYQzOIdL8OAG6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8ftuSM3w==</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

1 5 10 50 100
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Več 
interakcije, 
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manj temne 
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Odklop, 
freeze-out



WIMP

WIMP ‘miracle’

X = DM

<latexit sha1_base64="hrJK/a/ovgjVqhoodUA9fwcdVVo=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkIAT14ESKYByRLmJ3MJkNmH870BsOS7/DiQRGvfow3/8ZJsgdNLGgoqrrp7vJiKTTa9reVW1ldW9/Ibxa2tnd294r7Bw0dJYrxOotkpFoe1VyKkNdRoOStWHEaeJI3veH11G+OuNIiCh9wHHM3oP1Q+IJRNJLbIlekg/wJ05u7SbdYssv2DGSZOBkpQYZat/jV6UUsCXiITFKt244do5tShYJJPil0Es1jyoa0z9uGhjTg2k1nR0/IiVF6xI+UqRDJTP09kdJA63Hgmc6A4kAvelPxP6+doH/ppiKME+Qhmy/yE0kwItMESE8ozlCODaFMCXMrYQOqKEOTU8GE4Cy+vEwaZ2XnvFy5Py9VK1kceTiCYzgFBy6gCrdQgzoweIRneIU3a2S9WO/Wx7w1Z2Uzh/AH1ucP1YaRfg==</latexit>

X

<latexit sha1_base64="5sBr5DYdP3cOXTAN6SZThHP15Pc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rqXVdrzetKvZbHUYQzOIdL8OAG6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8ftuSM3w==</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

⌦DM ' 0.3h�2
⇣xf

10

⌘⇣ g⇤
100

⌘1/2 10�39 cm2

h�vi

<latexit sha1_base64="xS8DKO9gxQQicYyHYtEXxLvfXVg="></latexit>

Brez nastavljanja parametrov
<latexit sha1_base64="uTEdKCRBrsvxC+9JmRgl6SYOL3c=">AAACHHicbVDLSgNBEJz1GeMr6tHLYBC8GHZ95xbw4jGCSYRsDLOTThycmV1mesWw5EO8+CtePCjixYPg3ziJQXwVNBRV3XR3RYkUFn3/3ZuYnJqemc3N5ecXFpeWCyurdRunhkONxzI25xGzIIWGGgqUcJ4YYCqS0Iiujod+4xqMFbE+w34CLcV6WnQFZ+ikdmE3lEz3JNDQip5i9JqG5ktQNPAvsu3d8oCGCDeYUa4GFzvtQtEv+SPQvyQYkyIZo9ouvIadmKcKNHLJrG0GfoKtjBkUXMIgH6YWEsavWA+ajmqmwLay0XMDuumUDu3GxpVGOlK/T2RMWdtXketUDC/tb28o/uc1U+wetTKhkxRB889F3VRSjOkwKdoRBjjKviOMG+FupfySGcbR5Zl3IQS/X/5L6jul4KC0f7pXrJTHceTIOtkgWyQgh6RCTkiV1Agnt+SePJIn78578J69l8/WCW88s0Z+wHv7ALjToH8=</latexit>

h�vi ⇠ 10�39 cm2

Ista številka kot za tipični 
šibki proces/sipanje

<latexit sha1_base64="NGNIEZGju2pP6HIlMT/zVv77B60=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidox48ZiAWSAZQk+nJmnT0zN09whhCHj34kERr36SN//GznLQxAcFj/eqqKoXJIJr47rfTm5ldW19I79Z2Nre2d0r7h80dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfjNR1Sax/LejBL0I9qXPOSMGivVZLdYcsvuFGSZeHNSgjmq3eJXpxezNEJpmKBatz03MX5GleFM4LjQSTUmlA1pH9uWShqh9rPpoWNyYpUeCWNlSxoyVX9PZDTSehQFtjOiZqAXvYn4n9dOTXjtZ1wmqUHJZovCVBATk8nXpMcVMiNGllCmuL2VsAFVlBmbTcGG4C2+vEwaZ2XvsnxROy9Vbp5mceThCI7hFDy4ggrcQRXqwADhGV7hzXlwXpx352PWmnPmER7CHzifPwATjXs=</latexit>n

<latexit sha1_base64="w4MVWOZF60cWQLi5RPQuwMHXY0E=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoadTkzTp6Rm6e4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//ohK81jem0GCfkS7koecUWOlu+ThuF0ouiV3DDJPvCkpwhSVduGr1YlZGqE0TFCtm56bGD+jynAmcJhvpRoTyvq0i01LJY1Q+9n41CE5tEqHhLGyJQ0Zq78nMhppPYgC2xlR09Oz3kj8z2umJrz0My6T1KBkk0VhKoiJyehv0uEKmREDSyhT3N5KWI8qyoxNJ29D8GZfnie1k5J3Xjq7PS2Wr54mceRgHw7gCDy4gDLcQAWqwKALz/AKb45wXpx352PSuuBMI9yDP3A+fwAd1o4a</latexit>

p+
<latexit sha1_base64="Ns+xs0Fy/dSyIU9YbVJBFBqyiH8=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoadTkzTp6Rm6e4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//ohK81jem0GCfkS7koecUWOlO3w4bheKbskdg8wTb0qKMEWlXfhqdWKWRigNE1Trpucmxs+oMpwJHOZbqcaEsj7tYtNSSSPUfjY+dUgOrdIhYaxsSUPG6u+JjEZaD6LAdkbU9PSsNxL/85qpCS/9jMskNSjZZFGYCmJiMvqbdLhCZsTAEsoUt7cS1qOKMmPTydsQvNmX50ntpOSdl85uT4vlq6dJHDnYhwM4Ag8uoAw3UIEqMOjCM7zCmyOcF+fd+Zi0LjjTCPfgD5zPHw0Ujg8=</latexit>

e+

<latexit sha1_base64="9JFuPLtQvnS1f2ND5SCytBWGi/s=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8cIbhJIljA76U2GzM4uM7NCWAL+gRcPinj1g7z5N04eB00saCiquunuClPBtXHdb6ewsrq2vlHcLG1t7+zulfcPGjrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHtxO/+YhK80Q+mFGKQUz7kkecUWMlvyOzLnbLFbfqTkGWiTcnFZij3i1/dXoJy2KUhgmqddtzUxPkVBnOBI5LnUxjStmQ9rFtqaQx6iCfHjsmJ1bpkShRtqQhU/X3RE5jrUdxaDtjagZ60ZuI/3ntzETXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+ZRsCN7iy8ukcVb1LqsX9+eV2s3TLI4iHMExnIIHV1CDO6iDDww4PMMrvDnSeXHenY9Za8GZR3gIf+B8/gD9pI84</latexit>⌫e

<latexit sha1_base64="ztCoB2NdZH3IQm+g4gNncM/aAnM=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoafTkzTp6Rm6a4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSKFQdf9dhYWl5ZXVnNr+fWNza3tws5uzcSpZrzKYhnrRkANl0LxKgqUvJFoTqNA8nrQvx759UeujYjVPQ4S7ke0q0QoGEUr3dUfjtuFoltyxyDzxJuSIkxRaRe+Wp2YpRFXyCQ1pum5CfoZ1SiY5MN8KzU8oaxPu7xpqaIRN342PnVIDq3SIWGsbSkkY/X3REYjYwZRYDsjij0z643E/7xmiuGlnwmVpMgVmywKU0kwJqO/SUdozlAOLKFMC3srYT2qKUObTt6G4M2+PE9qJyXvvHR2e1osXz1N4sjBPhzAEXhwAWW4gQpUgUEXnuEV3hzpvDjvzsekdcGZRrgHf+B8/gD3sY4B</latexit>

W+
<latexit sha1_base64="uTEdKCRBrsvxC+9JmRgl6SYOL3c=">AAACHHicbVDLSgNBEJz1GeMr6tHLYBC8GHZ95xbw4jGCSYRsDLOTThycmV1mesWw5EO8+CtePCjixYPg3ziJQXwVNBRV3XR3RYkUFn3/3ZuYnJqemc3N5ecXFpeWCyurdRunhkONxzI25xGzIIWGGgqUcJ4YYCqS0Iiujod+4xqMFbE+w34CLcV6WnQFZ+ikdmE3lEz3JNDQip5i9JqG5ktQNPAvsu3d8oCGCDeYUa4GFzvtQtEv+SPQvyQYkyIZo9ouvIadmKcKNHLJrG0GfoKtjBkUXMIgH6YWEsavWA+ajmqmwLay0XMDuumUDu3GxpVGOlK/T2RMWdtXketUDC/tb28o/uc1U+wetTKhkxRB889F3VRSjOkwKdoRBjjKviOMG+FupfySGcbR5Zl3IQS/X/5L6jul4KC0f7pXrJTHceTIOtkgWyQgh6RCTkiV1Agnt+SePJIn78578J69l8/WCW88s0Z+wHv7ALjToH8=</latexit>

h�vi ⇠ 10�39 cm2



Sterilni nevtrini
Masivni nevtrini in 
gugalnični mehanizem
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<latexit sha1_base64="AYQ9kEJ4DcR/3iqhY56xY5VqWl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8RLx4jmgckS5idzCZDZmeXmV4hLAF/wIsHRbz6Rd78GyePgyYWNBRV3XR3BYkUBl3328mtrK6tb+Q3C1vbO7t7xf2DholTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geDPxm49cGxGrBxwl3I9oX4lQMIpWuu+otFssuWV3CrJMvDkpwRy1bvGr04tZGnGFTFJj2p6boJ9RjYJJPi50UsMTyoa0z9uWKhpx42fTU8fkxCo9EsbalkIyVX9PZDQyZhQFtjOiODCL3kT8z2unGF75mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFGwI3uLLy6RxVvYuypW781L1+mkWRx6O4BhOwYNLqMIt1KAODPrwDK/w5kjnxXl3PmatOWce4SH8gfP5A4fWjmA=</latexit>⌫
<latexit sha1_base64="rYs7wzvs5ip6ihWKFhgLSk9Nhcw=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8cIbhJIljA76U2GzM4uM7NCWAL+gRcPinj1g7z5N04eB00saCiquunuClPBtXHdb6ewsrq2vlHcLG1t7+zulfcPGjrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHtxO/+YhK80Q+mFGKQUz7kkecUWMlvyOzru6WK27VnYIsE29OKjBHvVv+6vQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXZMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYmug5zLNDMo2WxRlAliEjL5nPS4QmbEyBLKFLe3EjagijJj8ynZELzFl5dJ46zqXVYv7s8rtZunWRxFOIJjOAUPrqAGd1AHHxhweIZXeHOk8+K8Ox+z1oIzj/AQ/sD5/AES649G</latexit>⌫s

<latexit sha1_base64="pGl5j9CmSSWb9uINW9ulFx+ffCY=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjhEvHiOYBZIh1HR6kjbdPUN3jxBCwE/w4kERr/6PN//GznLQxAcFj/eqqKoXpYIb6/vf3tLyyuraem4jv7m1vbNb2NuvmSTTlFVpIhLdiNAwwRWrWm4Fa6SaoYwEq0f9m7Fff2Ta8ETd20HKQoldxWNO0Tqp1uqilNguFP2SPwFZJMGMFGGGSrvw1eokNJNMWSrQmGbgpzYcoracCjbKtzLDUqR97LKmowolM+Fwcu2IHDulQ+JEu1KWTNTfE0OUxgxk5Dol2p6Z98bif14zs/FVOOQqzSxTdLoozgSxCRm/TjpcM2rFwBGkmrtbCe2hRmpdQHkXQjD/8iKpnZaCi9L53VmxfP00jSMHh3AEJxDAJZThFipQBQoP8Ayv8OYl3ov37n1MW5e8WYQH8Afe5w+v3o+e</latexit>�

<latexit sha1_base64="AYQ9kEJ4DcR/3iqhY56xY5VqWl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8RLx4jmgckS5idzCZDZmeXmV4hLAF/wIsHRbz6Rd78GyePgyYWNBRV3XR3BYkUBl3328mtrK6tb+Q3C1vbO7t7xf2DholTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geDPxm49cGxGrBxwl3I9oX4lQMIpWuu+otFssuWV3CrJMvDkpwRy1bvGr04tZGnGFTFJj2p6boJ9RjYJJPi50UsMTyoa0z9uWKhpx42fTU8fkxCo9EsbalkIyVX9PZDQyZhQFtjOiODCL3kT8z2unGF75mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFGwI3uLLy6RxVvYuypW781L1+mkWRx6O4BhOwYNLqMIt1KAODPrwDK/w5kjnxXl3PmatOWce4SH8gfP5A4fWjmA=</latexit>⌫
<latexit sha1_base64="rYs7wzvs5ip6ihWKFhgLSk9Nhcw=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8cIbhJIljA76U2GzM4uM7NCWAL+gRcPinj1g7z5N04eB00saCiquunuClPBtXHdb6ewsrq2vlHcLG1t7+zulfcPGjrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHtxO/+YhK80Q+mFGKQUz7kkecUWMlvyOzru6WK27VnYIsE29OKjBHvVv+6vQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXZMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYmug5zLNDMo2WxRlAliEjL5nPS4QmbEyBLKFLe3EjagijJj8ynZELzFl5dJ46zqXVYv7s8rtZunWRxFOIJjOAUPrqAGd1AHHxhweIZXeHOk8+K8Ox+z1oIzj/AQ/sD5/AES649G</latexit>⌫s mešanje

<latexit sha1_base64="tBuQRhGndAeAjpiB9OaPj1+tpro=">AAACFXicbVC7SgQxFM34dn2tWtoEF8FClhnxVSo2lgquCjvLkMnecYNJZja5IyzDgN9g46/YWChiK9j5N2Yfha8D4RzOuSG5J86ksOj7n97Y+MTk1PTMbGVufmFxqbq8cmHT3HBo8FSm5ipmFqTQ0ECBEq4yA0zFEi7jm+N+fnkLxopUn2Mvg5Zi11okgjN0VlTdCrEDyGhohYKuo67BIkwM44WKQp2XjgrHkS3LMqrW/Lo/AP0rgpGokRFOo+pH2E55rkAjl8zaZuBn2CqYQcEllJUwt5AxfsOuoemkZgpsqxhsVdIN57Rpkhp3NNKB+/1GwZS1PRW7ScWwY39nffO/rJljctAqhM5yBM2HDyW5pJjSfkW0LQxwlD0nGDfC/ZXyDnOVoCuy4koIfq/8V1xs14O9+u7ZTu3w6G5YxwxZI+tkkwRknxySE3JKGoSTe/JInsmL9+A9ea/e23B0zBtVuEp+wHv/AusloP8=</latexit>

✓ '
r

m⌫

m⌫s



mN1=0.4 keV

tN2,3>1.5 sec
disfavored by BBN
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Direktna detekcija
Zgodnje 
vesolje, 
plazma

X = DM

<latexit sha1_base64="hrJK/a/ovgjVqhoodUA9fwcdVVo=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkIAT14ESKYByRLmJ3MJkNmH870BsOS7/DiQRGvfow3/8ZJsgdNLGgoqrrp7vJiKTTa9reVW1ldW9/Ibxa2tnd294r7Bw0dJYrxOotkpFoe1VyKkNdRoOStWHEaeJI3veH11G+OuNIiCh9wHHM3oP1Q+IJRNJLbIlekg/wJ05u7SbdYssv2DGSZOBkpQYZat/jV6UUsCXiITFKt244do5tShYJJPil0Es1jyoa0z9uGhjTg2k1nR0/IiVF6xI+UqRDJTP09kdJA63Hgmc6A4kAvelPxP6+doH/ppiKME+Qhmy/yE0kwItMESE8ozlCODaFMCXMrYQOqKEOTU8GE4Cy+vEwaZ2XnvFy5Py9VK1kceTiCYzgFBy6gCrdQgzoweIRneIU3a2S9WO/Wx7w1Z2Uzh/AH1ucP1YaRfg==</latexit>

X

<latexit sha1_base64="5sBr5DYdP3cOXTAN6SZThHP15Pc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rqXVdrzetKvZbHUYQzOIdL8OAG6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8ftuSM3w==</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

X = DM

<latexit sha1_base64="hrJK/a/ovgjVqhoodUA9fwcdVVo=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkIAT14ESKYByRLmJ3MJkNmH870BsOS7/DiQRGvfow3/8ZJsgdNLGgoqrrp7vJiKTTa9reVW1ldW9/Ibxa2tnd294r7Bw0dJYrxOotkpFoe1VyKkNdRoOStWHEaeJI3veH11G+OuNIiCh9wHHM3oP1Q+IJRNJLbIlekg/wJ05u7SbdYssv2DGSZOBkpQYZat/jV6UUsCXiITFKt244do5tShYJJPil0Es1jyoa0z9uGhjTg2k1nR0/IiVF6xI+UqRDJTP09kdJA63Hgmc6A4kAvelPxP6+doH/ppiKME+Qhmy/yE0kwItMESE8ozlCODaFMCXMrYQOqKEOTU8GE4Cy+vEwaZ2XnvFy5Py9VK1kceTiCYzgFBy6gCrdQgzoweIRneIU3a2S9WO/Wx7w1Z2Uzh/AH1ucP1YaRfg==</latexit>

X

<latexit sha1_base64="5sBr5DYdP3cOXTAN6SZThHP15Pc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rqXVdrzetKvZbHUYQzOIdL8OAG6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8ftuSM3w==</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

Lab.,
tarča



Indirektni signali
Zgodnje 
vesolje, 
plazma

X = DM

<latexit sha1_base64="hrJK/a/ovgjVqhoodUA9fwcdVVo=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkIAT14ESKYByRLmJ3MJkNmH870BsOS7/DiQRGvfow3/8ZJsgdNLGgoqrrp7vJiKTTa9reVW1ldW9/Ibxa2tnd294r7Bw0dJYrxOotkpFoe1VyKkNdRoOStWHEaeJI3veH11G+OuNIiCh9wHHM3oP1Q+IJRNJLbIlekg/wJ05u7SbdYssv2DGSZOBkpQYZat/jV6UUsCXiITFKt244do5tShYJJPil0Es1jyoa0z9uGhjTg2k1nR0/IiVF6xI+UqRDJTP09kdJA63Hgmc6A4kAvelPxP6+doH/ppiKME+Qhmy/yE0kwItMESE8ozlCODaFMCXMrYQOqKEOTU8GE4Cy+vEwaZ2XnvFy5Py9VK1kceTiCYzgFBy6gCrdQgzoweIRneIU3a2S9WO/Wx7w1Z2Uzh/AH1ucP1YaRfg==</latexit>

X

<latexit sha1_base64="5sBr5DYdP3cOXTAN6SZThHP15Pc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rqXVdrzetKvZbHUYQzOIdL8OAG6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8ftuSM3w==</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

X = DM

<latexit sha1_base64="hrJK/a/ovgjVqhoodUA9fwcdVVo=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkIAT14ESKYByRLmJ3MJkNmH870BsOS7/DiQRGvfow3/8ZJsgdNLGgoqrrp7vJiKTTa9reVW1ldW9/Ibxa2tnd294r7Bw0dJYrxOotkpFoe1VyKkNdRoOStWHEaeJI3veH11G+OuNIiCh9wHHM3oP1Q+IJRNJLbIlekg/wJ05u7SbdYssv2DGSZOBkpQYZat/jV6UUsCXiITFKt244do5tShYJJPil0Es1jyoa0z9uGhjTg2k1nR0/IiVF6xI+UqRDJTP09kdJA63Hgmc6A4kAvelPxP6+doH/ppiKME+Qhmy/yE0kwItMESE8ozlCODaFMCXMrYQOqKEOTU8GE4Cy+vEwaZ2XnvFy5Py9VK1kceTiCYzgFBy6gCrdQgzoweIRneIU3a2S9WO/Wx7w1Z2Uzh/AH1ucP1YaRfg==</latexit>

X

<latexit sha1_base64="5sBr5DYdP3cOXTAN6SZThHP15Pc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rqXVdrzetKvZbHUYQzOIdL8OAG6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8ftuSM3w==</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

Zvezde

<latexit sha1_base64="AYQ9kEJ4DcR/3iqhY56xY5VqWl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8RLx4jmgckS5idzCZDZmeXmV4hLAF/wIsHRbz6Rd78GyePgyYWNBRV3XR3BYkUBl3328mtrK6tb+Q3C1vbO7t7xf2DholTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geDPxm49cGxGrBxwl3I9oX4lQMIpWuu+otFssuWV3CrJMvDkpwRy1bvGr04tZGnGFTFJj2p6boJ9RjYJJPi50UsMTyoa0z9uWKhpx42fTU8fkxCo9EsbalkIyVX9PZDQyZhQFtjOiODCL3kT8z2unGF75mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFGwI3uLLy6RxVvYuypW781L1+mkWRx6O4BhOwYNLqMIt1KAODPrwDK/w5kjnxXl3PmatOWce4SH8gfP5A4fWjmA=</latexit>⌫
<latexit sha1_base64="nkJYvM8sDBM3yc485wVnUxfmFtA=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4kCGp7dRlxY3LCvYB7VAyadqGJpkhyQhlKPgFblwo4tYfcuffONNWUNEDFw7n3Mu99wSR4MYi9OHkVlbX1jfym4Wt7Z3dveL+QcuEsaasSUMR6k5ADBNcsablVrBOpBmRgWDtYHKV+e07pg0P1a2dRsyXZKT4kFNiMyk6g6pfLCHXq+CKV4bIReeohmsZwbjsVSF20RwlsESjX3zvDUIaS6YsFcSYLkaR9ROiLaeCzQq92LCI0AkZsW5KFZHM+Mn81hk8SZUBHIY6LWXhXP0+kRBpzFQGaackdmx+e5n4l9eN7fDCT7iKYssUXSwaxgLaEGaPwwHXjFoxTQmhmqe3QjommlCbxlNIQ/j6FP5PWmUXe271plKqX94v4siDI3AMTgEGNVAH16ABmoCCMXgAT+DZkc6j8+K8LlpzzjLCQ/ADztsn3r+OjQ==</latexit>p, n

<latexit sha1_base64="KYvvgeLzFLhAvP1Rzvc+HCXLlyc=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ17NRdxY3LCrYV2qFk0kwbm2SGJCOUUvAT3LhQxK3/486/MX0IKnrgwuGce7n3nijlTBuEPpzc0vLK6lp+vbCxubW9U9zda+okU4Q2SMITdRNhTTmTtGGY4fQmVRSLiNNWNLyY+q07qjRL5LUZpTQUuC9ZzAg2Vmp2+lgI3C2WkBv4XrV6ApGL/DM/CCzxUQWVPei5aIYSWKDeLb53egnJBJWGcKx120OpCcdYGUY4nRQ6maYpJkPcp21LJRZUh+PZtRN4ZJUejBNlSxo4U79PjLHQeiQi2ymwGejf3lT8y2tnJq6GYybTzFBJ5ovijEOTwOnrsMcUJYaPLMFEMXsrJAOsMDE2oIIN4etT+D9pll2v4p5e+aXa+f08jjw4AIfgGHggADVwCeqgAQi4BQ/gCTw7ifPovDiv89acs4hwH/yA8/YJHQ+P6Q==</latexit>�

<latexit sha1_base64="1aL7mduRi/5l7S5jx+uKvEUahd8=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GiZt7dRdxY3LCk5baMeSSTNtaCYzJBmhDAX/wI0LRdz6Qe78G9OHoKIHLhzOuZd77wkSzpR2nA8rt7K6tr6R3yxsbe/s7hX3D1oqTiWhHol5LDsBVpQzQT3NNKedRFIcBZy2g/HlzG/fUalYLG70JKF+hIeChYxgbSSP3vaSqF8sOXa5WkNuGTp2FTmV87ohCLlupQaR7cxRAks0+8X33iAmaUSFJhwr1UVOov0MS80Ip9NCL1U0wWSMh7RrqMARVX42P3YKT4wygGEsTQkN5+r3iQxHSk2iwHRGWI/Ub28m/uV1Ux3W/YyJJNVUkMWiMOVQx3D2ORwwSYnmE0MwkczcCskIS0y0yadgQvj6FP5PWmUb1eyz62qpcXG/iCMPjsAxOAUIuKABrkATeIAABh7AE3i2hPVovVivi9actYzwEPyA9fYJWtqPeQ==</latexit>

e±

FermiAnihilacija

Razpad

(7.5 keV črta)

<latexit sha1_base64="ljjgWhEXy3AsNMyj6qKD4J/msus=">AAACGXicbZDLSgMxFIYzXmu9jbp0EyyCqzJTvC0rblxWsBfojCWTZtrQTBKSTKEMBZ/Cja/ixoUiLnXl25hOu9DWHwI//znhnPNFklFtPO/bWVpeWV1bL2wUN7e2d3bdvf2GFqnCpI4FE6oVIU0Y5aRuqGGkJRVBScRIMxpcT+rNIVGaCn5nRpKECepxGlOMjI06rhfIPoWBVEIaAfl9BQaGJkTDgCHeYwQGmvYSBIcwUHnQcUte2csFF40/MyUwU63jfgZdgdOEcIMZ0rrte9KEGVKGYkbGxSDVRCI8QD3StpYjOz3M8svG8NgmXRgLZR83ME9//8hQovUoiWxngkxfz9cm4X+1dmriyzCjXKaGcDwdFKcMWggTTLBLFcGGjaxBWFG7K8R9pBA2FmbRQvDnT140jUrZPy+f3Z6WqlcPUxwFcAiOwAnwwQWoghtQA3WAwSN4Bq/gzXlyXpx352PauuTMEB6AP3K+fgDF56CU</latexit>

� / n2 ⇥ h�vi

<latexit sha1_base64="wAPPx5koW369ohGGhSXj937MNeM=">AAACD3icbZBLSwMxFIUz9V1foy7dBIviqsyIr2VFF24EBWuFTimZNNOGZjIhuSOWYcAf4Ma/4saFIm7duvPfmD4W2nohcDjnhuR8oRLcgOd9O4Wp6ZnZufmF4uLS8sqqu7Z+Y5JUU1aliUj0bUgME1yyKnAQ7FZpRuJQsFrYPe3ntTumDU/kNfQUa8SkLXnEKQFrNd2dQHU4DpROFCQ4iDShmcyzAEjaDIDdQ3Z2kee46Za8sjcYPCn8kSih0Vw23a+gldA0ZhKoIMbUfU9BIyMaOBUsLwapYYrQLmmzupWSxMw0skGfHG9bp4WjRNsjAQ/c3zcyEhvTi0O7GRPomPGsb/6X1VOIjhsZlyoFJunwoSgV2Fbvw8EtrhkF0bOCUM3tXzHtEMsELMKiheCPV54UN3tl/7B8cLVfqpw8DHHMo020hXaRj45QBZ2jS1RFFD2iZ/SK3pwn58V5dz6GqwVnhHAD/Rnn8wcC952y</latexit>

� / n

⌧DM



Temna snov in LHC
Zgodnje 
vesolje, 
plazma

X = DM

<latexit sha1_base64="hrJK/a/ovgjVqhoodUA9fwcdVVo=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkIAT14ESKYByRLmJ3MJkNmH870BsOS7/DiQRGvfow3/8ZJsgdNLGgoqrrp7vJiKTTa9reVW1ldW9/Ibxa2tnd294r7Bw0dJYrxOotkpFoe1VyKkNdRoOStWHEaeJI3veH11G+OuNIiCh9wHHM3oP1Q+IJRNJLbIlekg/wJ05u7SbdYssv2DGSZOBkpQYZat/jV6UUsCXiITFKt244do5tShYJJPil0Es1jyoa0z9uGhjTg2k1nR0/IiVF6xI+UqRDJTP09kdJA63Hgmc6A4kAvelPxP6+doH/ppiKME+Qhmy/yE0kwItMESE8ozlCODaFMCXMrYQOqKEOTU8GE4Cy+vEwaZ2XnvFy5Py9VK1kceTiCYzgFBy6gCrdQgzoweIRneIU3a2S9WO/Wx7w1Z2Uzh/AH1ucP1YaRfg==</latexit>

X

<latexit sha1_base64="5sBr5DYdP3cOXTAN6SZThHP15Pc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rqXVdrzetKvZbHUYQzOIdL8OAG6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8ftuSM3w==</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

X = DM

<latexit sha1_base64="hrJK/a/ovgjVqhoodUA9fwcdVVo=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkIAT14ESKYByRLmJ3MJkNmH870BsOS7/DiQRGvfow3/8ZJsgdNLGgoqrrp7vJiKTTa9reVW1ldW9/Ibxa2tnd294r7Bw0dJYrxOotkpFoe1VyKkNdRoOStWHEaeJI3veH11G+OuNIiCh9wHHM3oP1Q+IJRNJLbIlekg/wJ05u7SbdYssv2DGSZOBkpQYZat/jV6UUsCXiITFKt244do5tShYJJPil0Es1jyoa0z9uGhjTg2k1nR0/IiVF6xI+UqRDJTP09kdJA63Hgmc6A4kAvelPxP6+doH/ppiKME+Qhmy/yE0kwItMESE8ozlCODaFMCXMrYQOqKEOTU8GE4Cy+vEwaZ2XnvFy5Py9VK1kceTiCYzgFBy6gCrdQgzoweIRneIU3a2S9WO/Wx7w1Z2Uzh/AH1ucP1YaRfg==</latexit>

X

<latexit sha1_base64="5sBr5DYdP3cOXTAN6SZThHP15Pc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rqXVdrzetKvZbHUYQzOIdL8OAG6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8ftuSM3w==</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

SM

<latexit sha1_base64="vVrvvM1gcjItilv3OnV4PPD0IZU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoLkFvHgRIpqHJEuYnUySITO7y0yvGJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRldTv/nItRFReI/jmPuKDkLRF4yilR46yJ8wvbuZdIslt+zOQJaJl5ESZKh1i1+dXsQSxUNkkhrT9twY/ZRqFEzySaGTGB5TNqID3rY0pIobP50dPCEnVumRfqRthUhm6u+JlCpjxiqwnYri0Cx6U/E/r51g/9JPRRgnyEM2X9RPJMGITL8nPaE5Qzm2hDIt7K2EDammDG1GBRuCt/jyMmmclb3zcuX2vFStZHHk4QiO4RQ8uIAqXEMN6sBAwTO8wpujnRfn3fmYt+acbOYQ/sD5/AEMn5CQ</latexit>

Trkalniki

Veliko iskanj na LHC: “DM working group”
SUSY, X-dim, generični skalarji, sterilni nevtrini, …

<latexit sha1_base64="AHdQgzpwwaRKuol8DHr9V2lj7G8=">AAAB6HicdVBNSwMxEM36WetX1aOXYBE8LUlttx4rXjy2YD+gXUo2TdvYbHZJskJZCt69eFDEqz/Jm//GbFtBRR8MPN6bYWZeEAuuDUIfzsrq2vrGZm4rv72zu7dfODhs6ShRlDVpJCLVCYhmgkvWNNwI1okVI2EgWDuYXGV++44pzSN5Y6Yx80MyknzIKTFWasT9QhG5XhmXvRJELjpHVVzNCMYlrwKxi+YogiXq/cJ7bxDRJGTSUEG07mIUGz8lynAq2CzfSzSLCZ2QEetaKknItJ/OD53BU6sM4DBStqSBc/X7REpCradhYDtDYsb6t5eJf3ndxAwv/JTLODFM0sWiYSKgiWD2NRxwxagRU0sIVdzeCumYKEKNzSZvQ/j6FP5PWiUXe26lUS7WLu8XceTAMTgBZwCDKqiBa1AHTUABAw/gCTw7t86j8+K8LlpXnGWER+AHnLdPVE6NtQ==</latexit>p

<latexit sha1_base64="AHdQgzpwwaRKuol8DHr9V2lj7G8=">AAAB6HicdVBNSwMxEM36WetX1aOXYBE8LUlttx4rXjy2YD+gXUo2TdvYbHZJskJZCt69eFDEqz/Jm//GbFtBRR8MPN6bYWZeEAuuDUIfzsrq2vrGZm4rv72zu7dfODhs6ShRlDVpJCLVCYhmgkvWNNwI1okVI2EgWDuYXGV++44pzSN5Y6Yx80MyknzIKTFWasT9QhG5XhmXvRJELjpHVVzNCMYlrwKxi+YogiXq/cJ7bxDRJGTSUEG07mIUGz8lynAq2CzfSzSLCZ2QEetaKknItJ/OD53BU6sM4DBStqSBc/X7REpCradhYDtDYsb6t5eJf3ndxAwv/JTLODFM0sWiYSKgiWD2NRxwxagRU0sIVdzeCumYKEKNzSZvQ/j6FP5PWiUXe26lUS7WLu8XceTAMTgBZwCDKqiBa1AHTUABAw/gCTw7t86j8+K8LlpXnGWER+AHnLdPVE6NtQ==</latexit>p

All limits at 90% CL
Axial-vector, Dirac, gq = 0.25, gDM = 1
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ostalim iskanjem



Aksioni
Teoretična motivacija: CP simetrija močne interakcije

QED EW QCD

nEDM

<latexit sha1_base64="ZgUNrg0mj7Fr1ajHvKtna7zri/M="></latexit>

LQCD 3 ✓GG̃

<latexit sha1_base64="nYgoxqv09NH+nzMC4SZh0stJ8ac=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKIr4WLihuXFewDmlgm02k7dJIJMzdCCQXd+CtuXCji1o9w5984abvQ1gMXDufcy733BLHgGhzn28otLC4tr+RXC2vrG5tb9vZOXctEUVajUkjVDIhmgkesBhwEa8aKkTAQrBEMrjK/cc+U5jK6hWHM/JD0It7llICR2nbRk8bOprEHfQYEX2DXuUsPXWfUtktO2RkDzxN3Skpoimrb/vI6kiYhi4AKonXLdWLwU6KAU8FGBS/RLCZ0QHqsZWhEQqb9dPzECO8bpYO7UpmKAI/V3xMpCbUehoHpDAn09ayXif95rQS6537KozgBFtHJom4iMEicJYI7XDEKYmgIoYqbWzHtE0UomNwKJgR39uV5Uj8qu6flk5vjUuXyYRJHHhXRHjpALjpDFXSNqqiGKHpEz+gVvVlP1ov1bn1MWnPWNMJd9AfW5w/XOZdV</latexit>

✓ < 10�10

<latexit sha1_base64="hJG7JlVhRXSxCDBs2LT0cFDuFgE=">AAAB6nicbVDJSgNBEK1xjXGLevTSGAQvhhlxO0a8eIxoFkjG0NOpSZr09AzdPUIYAv6AFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dhYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf965Fff0SleSzvzSBBP6JdyUPOqLHSHT4ctwtFt+SOQeaJNyVFmKLSLny1OjFLI5SGCap103MT42dUGc4EDvOtVGNCWZ92sWmppBFqPxufOiSHVumQMFa2pCFj9fdERiOtB1FgOyNqenrWG4n/ec3UhJd+xmWSGpRssihMBTExGf1NOlwhM2JgCWWK21sJ61FFmbHp5G0I3uzL86R2UvLOS2e3p8Xy1dMkjhzswwEcgQcXUIYbqEAVGHThGV7hzRHOi/PufExaF5xphHvwB87nDxAcjhE=</latexit>

e�

<latexit sha1_base64="pGl5j9CmSSWb9uINW9ulFx+ffCY=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjhEvHiOYBZIh1HR6kjbdPUN3jxBCwE/w4kERr/6PN//GznLQxAcFj/eqqKoXpYIb6/vf3tLyyuraem4jv7m1vbNb2NuvmSTTlFVpIhLdiNAwwRWrWm4Fa6SaoYwEq0f9m7Fff2Ta8ETd20HKQoldxWNO0Tqp1uqilNguFP2SPwFZJMGMFGGGSrvw1eokNJNMWSrQmGbgpzYcoracCjbKtzLDUqR97LKmowolM+Fwcu2IHDulQ+JEu1KWTNTfE0OUxgxk5Dol2p6Z98bif14zs/FVOOQqzSxTdLoozgSxCRm/TjpcM2rFwBGkmrtbCe2hRmpdQHkXQjD/8iKpnZaCi9L53VmxfP00jSMHh3AEJxDAJZThFipQBQoP8Ayv8OYl3ov37n1MW5e8WYQH8Afe5w+v3o+e</latexit>�

<latexit sha1_base64="hJG7JlVhRXSxCDBs2LT0cFDuFgE=">AAAB6nicbVDJSgNBEK1xjXGLevTSGAQvhhlxO0a8eIxoFkjG0NOpSZr09AzdPUIYAv6AFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dhYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf965Fff0SleSzvzSBBP6JdyUPOqLHSHT4ctwtFt+SOQeaJNyVFmKLSLny1OjFLI5SGCap103MT42dUGc4EDvOtVGNCWZ92sWmppBFqPxufOiSHVumQMFa2pCFj9fdERiOtB1FgOyNqenrWG4n/ec3UhJd+xmWSGpRssihMBTExGf1NOlwhM2JgCWWK21sJ61FFmbHp5G0I3uzL86R2UvLOS2e3p8Xy1dMkjhzswwEcgQcXUIYbqEAVGHThGV7hzRHOi/PufExaF5xphHvwB87nDxAcjhE=</latexit>

e�

<latexit sha1_base64="Ns+xs0Fy/dSyIU9YbVJBFBqyiH8=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoadTkzTp6Rm6e4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//ohK81jem0GCfkS7koecUWOlO3w4bheKbskdg8wTb0qKMEWlXfhqdWKWRigNE1Trpucmxs+oMpwJHOZbqcaEsj7tYtNSSSPUfjY+dUgOrdIhYaxsSUPG6u+JjEZaD6LAdkbU9PSsNxL/85qpCS/9jMskNSjZZFGYCmJiMvqbdLhCZsTAEsoUt7cS1qOKMmPTydsQvNmX50ntpOSdl85uT4vlq6dJHDnYhwM4Ag8uoAw3UIEqMOjCM7zCmyOcF+fd+Zi0LjjTCPfgD5zPHw0Ujg8=</latexit>

e+
<latexit sha1_base64="Ns+xs0Fy/dSyIU9YbVJBFBqyiH8=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoadTkzTp6Rm6e4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//ohK81jem0GCfkS7koecUWOlO3w4bheKbskdg8wTb0qKMEWlXfhqdWKWRigNE1Trpucmxs+oMpwJHOZbqcaEsj7tYtNSSSPUfjY+dUgOrdIhYaxsSUPG6u+JjEZaD6LAdkbU9PSsNxL/85qpCS/9jMskNSjZZFGYCmJiMvqbdLhCZsTAEsoUt7cS1qOKMmPTydsQvNmX50ntpOSdl85uT4vlq6dJHDnYhwM4Ag8uoAw3UIEqMOjCM7zCmyOcF+fd+Zi0LjjTCPfgD5zPHw0Ujg8=</latexit>

e+
<latexit sha1_base64="NGNIEZGju2pP6HIlMT/zVv77B60=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidox48ZiAWSAZQk+nJmnT0zN09whhCHj34kERr36SN//GznLQxAcFj/eqqKoXJIJr47rfTm5ldW19I79Z2Nre2d0r7h80dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfjNR1Sax/LejBL0I9qXPOSMGivVZLdYcsvuFGSZeHNSgjmq3eJXpxezNEJpmKBatz03MX5GleFM4LjQSTUmlA1pH9uWShqh9rPpoWNyYpUeCWNlSxoyVX9PZDTSehQFtjOiZqAXvYn4n9dOTXjtZ1wmqUHJZovCVBATk8nXpMcVMiNGllCmuL2VsAFVlBmbTcGG4C2+vEwaZ2XvsnxROy9Vbp5mceThCI7hFDy4ggrcQRXqwADhGV7hzXlwXpx352PWmnPmER7CHzifPwATjXs=</latexit>n

<latexit sha1_base64="w4MVWOZF60cWQLi5RPQuwMHXY0E=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoadTkzTp6Rm6e4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//ohK81jem0GCfkS7koecUWOlu+ThuF0ouiV3DDJPvCkpwhSVduGr1YlZGqE0TFCtm56bGD+jynAmcJhvpRoTyvq0i01LJY1Q+9n41CE5tEqHhLGyJQ0Zq78nMhppPYgC2xlR09Oz3kj8z2umJrz0My6T1KBkk0VhKoiJyehv0uEKmREDSyhT3N5KWI8qyoxNJ29D8GZfnie1k5J3Xjq7PS2Wr54mceRgHw7gCDy4gDLcQAWqwKALz/AKb45wXpx352PSuuBMI9yDP3A+fwAd1o4a</latexit>

p+
<latexit sha1_base64="Ns+xs0Fy/dSyIU9YbVJBFBqyiH8=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoadTkzTp6Rm6e4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//ohK81jem0GCfkS7koecUWOlO3w4bheKbskdg8wTb0qKMEWlXfhqdWKWRigNE1Trpucmxs+oMpwJHOZbqcaEsj7tYtNSSSPUfjY+dUgOrdIhYaxsSUPG6u+JjEZaD6LAdkbU9PSsNxL/85qpCS/9jMskNSjZZFGYCmJiMvqbdLhCZsTAEsoUt7cS1qOKMmPTydsQvNmX50ntpOSdl85uT4vlq6dJHDnYhwM4Ag8uoAw3UIEqMOjCM7zCmyOcF+fd+Zi0LjjTCPfgD5zPHw0Ujg8=</latexit>

e+

<latexit sha1_base64="9JFuPLtQvnS1f2ND5SCytBWGi/s=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8cIbhJIljA76U2GzM4uM7NCWAL+gRcPinj1g7z5N04eB00saCiquunuClPBtXHdb6ewsrq2vlHcLG1t7+zulfcPGjrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHtxO/+YhK80Q+mFGKQUz7kkecUWMlvyOzLnbLFbfqTkGWiTcnFZij3i1/dXoJy2KUhgmqddtzUxPkVBnOBI5LnUxjStmQ9rFtqaQx6iCfHjsmJ1bpkShRtqQhU/X3RE5jrUdxaDtjagZ60ZuI/3ntzETXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+ZRsCN7iy8ukcVb1LqsX9+eV2s3TLI4iHMExnIIHV1CDO6iDDww4PMMrvDnSeXHenY9Za8GZR3gIf+B8/gD9pI84</latexit>⌫e

<latexit sha1_base64="ztCoB2NdZH3IQm+g4gNncM/aAnM=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidox48RjRLJCMoafTkzTp6Rm6a4QwBPwBLx4U8eoXefNv7CwHTXxQ8Hiviqp6QSKFQdf9dhYWl5ZXVnNr+fWNza3tws5uzcSpZrzKYhnrRkANl0LxKgqUvJFoTqNA8nrQvx759UeujYjVPQ4S7ke0q0QoGEUr3dUfjtuFoltyxyDzxJuSIkxRaRe+Wp2YpRFXyCQ1pum5CfoZ1SiY5MN8KzU8oaxPu7xpqaIRN342PnVIDq3SIWGsbSkkY/X3REYjYwZRYDsjij0z643E/7xmiuGlnwmVpMgVmywKU0kwJqO/SUdozlAOLKFMC3srYT2qKUObTt6G4M2+PE9qJyXvvHR2e1osXz1N4sjBPhzAEXhwAWW4gQpUgUEXnuEV3hzpvDjvzsekdcGZRrgHf+B8/gD3sY4B</latexit>

W+

Dinamična razlaga: aksion

<latexit sha1_base64="TFDcG3sHXl3QDE/pFa+OVk3EmFU="></latexit>

LPQ 3
�
✓ � a

�
GG̃

Številna iskanja

Kandidat za temno snov, klasično polje

<latexit sha1_base64="jvHHLHhIuLDGNn6EIXmwj0sB/3Y=">AAACEXicbVA9SwNBEN3z2/gVtbRZDEIKCXfiVxkRxMIiglEhdxx7m4lZsrd37M6J4Qj4C2z8KzYWitja2flv3HwUGn0w8Hhvhpl5USqFQdf9ciYmp6ZnZufmCwuLS8srxdW1S5NkmkOdJzLR1xEzIIWCOgqUcJ1qYHEk4SrqHPf9q1vQRiTqArspBDG7UaIlOEMrhcWyHzNscybpWegj3GFeO+9RXwnKqL9NT6iPQjaBnoTFkltxB6B/iTciJTJCLSx++s2EZzEo5JIZ0/DcFIOcaRRcQq/gZwZSxjvsBhqWKhaDCfLBRz26ZZUmbSXalkI6UH9O5Cw2phtHtrN/vxn3+uJ/XiPD1mGQC5VmCIoPF7UySTGh/XhoU2jgKLuWMK6FvZXyNtOMow2xYEPwxl/+Sy53Kt5+Ze98t1Q9uh/GMUc2yCYpE48ckCo5JTVSJ5w8kCfyQl6dR+fZeXPeh60TzijCdfILzsc3ImCcVQ==</latexit>

LPQ 3 aF F̃



Fazni prehodi



Celotno vesolje je lahko metastabilno

Lažni vakuum

j

VHjL

j-

V-

j+

V+

<latexit sha1_base64="xKqGOqZQPJAIcOX0yCyHMt5o7mg=">AAACAnicbZBLSwMxFIUz9VXra9SVuAkWwYWWGfG1bHGhy4r2AZ1aMultG5rMjElGKEPRhX/FjQtF3Por3PlvTB8LbT0Q+DjnhuQeP+JMacf5tlIzs3PzC+nFzNLyyuqavb5RVmEsKZRoyENZ9YkCzgIoaaY5VCMJRPgcKn73fJBX7kEqFgY3uhdBXZB2wFqMEm2shr3lXRAhCPYUE3CHC9jbx3CbHFz3G3bWyTlD4Wlwx5BFYxUb9pfXDGksINCUE6VqrhPpekKkZpRDP+PFCiJCu6QNNYMBEaDqyXCFPt41ThO3QmlOoPHQ/X0jIUKpnvDNpCC6oyazgflfVot166yesCCKNQR09FAr5liHeNAHbjIJVPOeAUIlM3/FtEMkodq0ljEluJMrT0P5MOee5I6vjrL5wuOojjTaRjtoD7noFOXRJSqiEqLoAT2jV/RmPVkv1rv1MRpNWeMKN9EfWZ8/LjiWbA==</latexit>

� ' Ae�S

Kvantne fluktuacije

Termične fluktuacije

<latexit sha1_base64="1ARqcQOwptH0B5Gagum444WPWdg=">AAACAHicbZBLSwMxFIXv1Fetr1EXLtwEi+CilBmpj41Q0YXLCn1BZyiZTNqGZh5NMkIZCuJfceNCEbf+DHf+G9PHQlsPBA7fuSG5x4s5k8qyvo3M0vLK6lp2PbexubW9Y+7u1WWUCEJrJOKRaHpYUs5CWlNMcdqMBcWBx2nD69+M88YDFZJFYVUNY+oGuBuyDiNYadQ2D6roClnIKaACcgaDBPvoVpNS28xbRWsitGjsmcnDTJW2+eX4EUkCGirCsZQt24qVm2KhGOF0lHMSSWNM+rhLW9qGOKDSTScLjNCxJj7qREKfUKEJ/X0jxYGUw8DTkwFWPTmfjeF/WStRnUs3ZWGcKBqS6UOdhCMVoXEbyGeCEsWH2mAimP4rIj0sMFG6s5wuwZ5fedHUT4v2efHsvpQvXz9O68jCIRzBCdhwAWW4gwrUgMAInuEV3own48V4Nz6moxljVuE+/JHx+QPFj5O8</latexit>

T = 0 , D = 4

<latexit sha1_base64="/ZUjMxlMIIh1qS2LTTfsu10+6VM=">AAACAHicbZBLSwMxFIXv+Kz1NerChZtgEVyUMuN7o1R04bJCX9AZSiaTtqGZR5OMUIaC+FfcuFDErT/Dnf/G9LHQ1gOBj3NuSO7xYs6ksqxvY25+YXFpObOSXV1b39g0t7arMkoEoRUS8UjUPSwpZyGtKKY4rceC4sDjtOZ1b4Z57YEKyaKwrPoxdQPcDlmLEay01TR3y+gKWcjJozxyer0E++gWXaLjppmzCtZIaBbsCeRgolLT/HL8iCQBDRXhWMqGbcXKTbFQjHA6yDqJpDEmXdymDY0hDqh009ECA3SgHR+1IqFPqNDI/X0jxYGU/cDTkwFWHTmdDc3/skaiWhduysI4UTQk44daCUcqQsM2kM8EJYr3NWAimP4rIh0sMFG6s6wuwZ5eeRaqRwX7rHB6f5IrXj+O68jAHuzDIdhwDkW4gxJUgMAAnuEV3own48V4Nz7Go3PGpMId+CPj8wfFo5O8</latexit>

T > 0 , D = 3



Gravitacijski valovi

Zvočni valovi

Turbulenca

Trki mehurčkov



Trenutni ‘točkasti izvori’ LIGO/VIRGO dogodki

združevanje črnih lukenj z O(10) sončevih mas, nevtronske zvezde

iz LIGO spletne strani

Gravitacijski valovi



phase transitions

from http://gwplotter.com
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