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The NOvA Experiment
• Long-baseline accelerator experiment
• 810 km from Near (ND) to Far Detec-

tor (FD)
• 2 GeV Peak
· off-axis narrow-band ν (ν) beam

• World’s most powerful νµ(ν̄µ) beam at
700+ kW

• 10 years of data

· 26.6× 1020 POT-equiv. ν-beam
· 12.5× 1020 POT ν-beam
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NOvA Oscillation Capabilities
Probability of oscillation dependent upon the PMNS parameters, baseline,
and neutrino energy
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• Some open questions remains:

http://novaexperiment.fnal.gov

NOvA’s                       oscillation analysis
Liudmila Kolupaeva (for the NOvA collaboration)
The Joint Institute for Nuclear Research, Dubna
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It is a long-baseline experiment 
consisting of two functionally 
identical, finely granulated 
detectors which are separated by 
810 km of Earth crust and sited 
at 14.6 mrad off the beam axis.

The NOvA Experiment
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NOvA is an experiment devoted to 
studying neutrino oscillations in the 
NuMI neutrino beam from FNAL (USA).  

NOvA physics motivations for studying                            

✴ determine neutrino mass hierarchy 
✴ probe            violating phase 
✴ resolve the octant of          mixing angle.

⌫µ ! ⌫µ
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and ⌫µ ! ⌫e
<latexit sha1_base64="csLywqOPBMbxlKZd1O4EgxEMF1Y=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0JUU3LisYFuhCWEynbRDZyZhHkoJBTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjtcitew1vCrhI/JLUQYlW5H4F/RQbToTGDCnV871MhzmSmmJGJrXAKJIhPEID0rNUIE5UmE9/mMBjq/RhkkpbQsOp+nsiR1ypMY9tJ0d6qOa9QvzP6xmdXIQ5FZnRRODZosQwqFNYBAL7VBKs2dgShCW1t0I8RBJhbWMrQvDnX14kndOG7zX8m7N687KMowoOwRE4AT44B01wDVqgDTB4BM/gFbw5T86L8+58zForTjmzD/7A+fwBoPWXeQ==</latexit><latexit sha1_base64="csLywqOPBMbxlKZd1O4EgxEMF1Y=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0JUU3LisYFuhCWEynbRDZyZhHkoJBTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjtcitew1vCrhI/JLUQYlW5H4F/RQbToTGDCnV871MhzmSmmJGJrXAKJIhPEID0rNUIE5UmE9/mMBjq/RhkkpbQsOp+nsiR1ypMY9tJ0d6qOa9QvzP6xmdXIQ5FZnRRODZosQwqFNYBAL7VBKs2dgShCW1t0I8RBJhbWMrQvDnX14kndOG7zX8m7N687KMowoOwRE4AT44B01wDVqgDTB4BM/gFbw5T86L8+58zForTjmzD/7A+fwBoPWXeQ==</latexit><latexit sha1_base64="csLywqOPBMbxlKZd1O4EgxEMF1Y=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0JUU3LisYFuhCWEynbRDZyZhHkoJBTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjtcitew1vCrhI/JLUQYlW5H4F/RQbToTGDCnV871MhzmSmmJGJrXAKJIhPEID0rNUIE5UmE9/mMBjq/RhkkpbQsOp+nsiR1ypMY9tJ0d6qOa9QvzP6xmdXIQ5FZnRRODZosQwqFNYBAL7VBKs2dgShCW1t0I8RBJhbWMrQvDnX14kndOG7zX8m7N687KMowoOwRE4AT44B01wDVqgDTB4BM/gFbw5T86L8+58zForTjmzD/7A+fwBoPWXeQ==</latexit><latexit sha1_base64="csLywqOPBMbxlKZd1O4EgxEMF1Y=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0JUU3LisYFuhCWEynbRDZyZhHkoJBTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjtcitew1vCrhI/JLUQYlW5H4F/RQbToTGDCnV871MhzmSmmJGJrXAKJIhPEID0rNUIE5UmE9/mMBjq/RhkkpbQsOp+nsiR1ypMY9tJ0d6qOa9QvzP6xmdXIQ5FZnRRODZosQwqFNYBAL7VBKs2dgShCW1t0I8RBJhbWMrQvDnX14kndOG7zX8m7N687KMowoOwRE4AT44B01wDVqgDTB4BM/gFbw5T86L8+58zForTjmzD/7A+fwBoPWXeQ==</latexit>

are:

�CP
<latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit>

✓23
<latexit sha1_base64="u48tJ4E56cBcKtWjPy+l8448nHU=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9CQFLx4r2A9IQ9lsJ+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUIhKcoZX8Ho4AWT+vX077lapbc+egq8QrSJUUaPYrX71BwrMYFHLJjPE9N8UgZxoFlzAt9zIDKeNjNgTfUsViMEE+P3lKz60yoFGibSmkc/X3RM5iYyZxaDtjhiOz7M3E/zw/w+gmyIVKMwTFF4uiTFJM6Ox/OhAaOMqJJYxrYW+lfMQ042hTKtsQvOWXV0m7XvPcmvdwVW3cFnGUyCk5IxfEI9ekQe5Jk7QIJwl5Jq/kzUHnxXl3Phata04xc0L+wPn8AQxnkRI=</latexit><latexit sha1_base64="u48tJ4E56cBcKtWjPy+l8448nHU=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9CQFLx4r2A9IQ9lsJ+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUIhKcoZX8Ho4AWT+vX077lapbc+egq8QrSJUUaPYrX71BwrMYFHLJjPE9N8UgZxoFlzAt9zIDKeNjNgTfUsViMEE+P3lKz60yoFGibSmkc/X3RM5iYyZxaDtjhiOz7M3E/zw/w+gmyIVKMwTFF4uiTFJM6Ox/OhAaOMqJJYxrYW+lfMQ042hTKtsQvOWXV0m7XvPcmvdwVW3cFnGUyCk5IxfEI9ekQe5Jk7QIJwl5Jq/kzUHnxXl3Phata04xc0L+wPn8AQxnkRI=</latexit><latexit sha1_base64="u48tJ4E56cBcKtWjPy+l8448nHU=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9CQFLx4r2A9IQ9lsJ+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUIhKcoZX8Ho4AWT+vX077lapbc+egq8QrSJUUaPYrX71BwrMYFHLJjPE9N8UgZxoFlzAt9zIDKeNjNgTfUsViMEE+P3lKz60yoFGibSmkc/X3RM5iYyZxaDtjhiOz7M3E/zw/w+gmyIVKMwTFF4uiTFJM6Ox/OhAaOMqJJYxrYW+lfMQ042hTKtsQvOWXV0m7XvPcmvdwVW3cFnGUyCk5IxfEI9ekQe5Jk7QIJwl5Jq/kzUHnxXl3Phata04xc0L+wPn8AQxnkRI=</latexit><latexit sha1_base64="u48tJ4E56cBcKtWjPy+l8448nHU=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9CQFLx4r2A9IQ9lsJ+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUIhKcoZX8Ho4AWT+vX077lapbc+egq8QrSJUUaPYrX71BwrMYFHLJjPE9N8UgZxoFlzAt9zIDKeNjNgTfUsViMEE+P3lKz60yoFGibSmkc/X3RM5iYyZxaDtjhiOz7M3E/zw/w+gmyIVKMwTFF4uiTFJM6Ox/OhAaOMqJJYxrYW+lfMQ042hTKtsQvOWXV0m7XvPcmvdwVW3cFnGUyCk5IxfEI9ekQe5Jk7QIJwl5Jq/kzUHnxXl3Phata04xc0L+wPn8AQxnkRI=</latexit>
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= 0CPδ /2π= CPδ

π= CPδ /2π= 3CPδ

2eV-310×2.55−=2
32mΔ

        IH

2eV-310×2.50+=2
32mΔ

        NH

=0.4623θ2sin
        LO =0.5923θ2sin

        UO

=0.08213θ22sin
NOvA FD

)ν POT (2010×9.48
)ν POT (2010×6.91

2018 best fit

⌫e + ⌫µ
<latexit sha1_base64="EWGqeGEySgLoYUEvLnY2UL/3ZS4=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCIIREq9VdwY3LCn1BE8JkOmmHTiZhHkIt/RI3LhRx66e482+ctBV8Hrjcwzn3MndOlDEqleu+W4Wl5ZXVteJ6aWNza7ts7+y2ZaoFJi2cslR0IyQJo5y0FFWMdDNBUBIx0olGV7nfuSVC0pQ31TgjQYIGnMYUI2Wk0C77XIcEHsO8+4kO7YrrXFZrp+dn8DfxHHeGCligEdpvfj/FOiFcYYak7HlupoIJEopiRqYlX0uSITxCA9IzlKOEyGAyO3wKD43Sh3EqTHEFZ+rXjQlKpBwnkZlMkBrKn14u/uX1tIovggnlmVaE4/lDsWZQpTBPAfapIFixsSEIC2puhXiIBMLKZFUyIXz+FP5P2ieO5zreTbVSby7iKIJ9cACOgAdqoA6uQQO0AAYa3INH8GTdWQ/Ws/UyHy1Yi5098A3W6wdvCpMD</latexit><latexit sha1_base64="EWGqeGEySgLoYUEvLnY2UL/3ZS4=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCIIREq9VdwY3LCn1BE8JkOmmHTiZhHkIt/RI3LhRx66e482+ctBV8Hrjcwzn3MndOlDEqleu+W4Wl5ZXVteJ6aWNza7ts7+y2ZaoFJi2cslR0IyQJo5y0FFWMdDNBUBIx0olGV7nfuSVC0pQ31TgjQYIGnMYUI2Wk0C77XIcEHsO8+4kO7YrrXFZrp+dn8DfxHHeGCligEdpvfj/FOiFcYYak7HlupoIJEopiRqYlX0uSITxCA9IzlKOEyGAyO3wKD43Sh3EqTHEFZ+rXjQlKpBwnkZlMkBrKn14u/uX1tIovggnlmVaE4/lDsWZQpTBPAfapIFixsSEIC2puhXiIBMLKZFUyIXz+FP5P2ieO5zreTbVSby7iKIJ9cACOgAdqoA6uQQO0AAYa3INH8GTdWQ/Ws/UyHy1Yi5098A3W6wdvCpMD</latexit><latexit sha1_base64="EWGqeGEySgLoYUEvLnY2UL/3ZS4=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCIIREq9VdwY3LCn1BE8JkOmmHTiZhHkIt/RI3LhRx66e482+ctBV8Hrjcwzn3MndOlDEqleu+W4Wl5ZXVteJ6aWNza7ts7+y2ZaoFJi2cslR0IyQJo5y0FFWMdDNBUBIx0olGV7nfuSVC0pQ31TgjQYIGnMYUI2Wk0C77XIcEHsO8+4kO7YrrXFZrp+dn8DfxHHeGCligEdpvfj/FOiFcYYak7HlupoIJEopiRqYlX0uSITxCA9IzlKOEyGAyO3wKD43Sh3EqTHEFZ+rXjQlKpBwnkZlMkBrKn14u/uX1tIovggnlmVaE4/lDsWZQpTBPAfapIFixsSEIC2puhXiIBMLKZFUyIXz+FP5P2ieO5zreTbVSby7iKIJ9cACOgAdqoA6uQQO0AAYa3INH8GTdWQ/Ws/UyHy1Yi5098A3W6wdvCpMD</latexit><latexit sha1_base64="EWGqeGEySgLoYUEvLnY2UL/3ZS4=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCIIREq9VdwY3LCn1BE8JkOmmHTiZhHkIt/RI3LhRx66e482+ctBV8Hrjcwzn3MndOlDEqleu+W4Wl5ZXVteJ6aWNza7ts7+y2ZaoFJi2cslR0IyQJo5y0FFWMdDNBUBIx0olGV7nfuSVC0pQ31TgjQYIGnMYUI2Wk0C77XIcEHsO8+4kO7YrrXFZrp+dn8DfxHHeGCligEdpvfj/FOiFcYYak7HlupoIJEopiRqYlX0uSITxCA9IzlKOEyGAyO3wKD43Sh3EqTHEFZ+rXjQlKpBwnkZlMkBrKn14u/uX1tIovggnlmVaE4/lDsWZQpTBPAfapIFixsSEIC2puhXiIBMLKZFUyIXz+FP5P2ieO5zreTbVSby7iKIJ9cACOgAdqoA6uQQO0AAYa3INH8GTdWQ/Ws/UyHy1Yi5098A3W6wdvCpMD</latexit>

Our current best fit is  
Normal Hierarchy,                                                      (UO), 

The                    at BF point is 146.6 for 175  degrees of 
freedom.  
Obtained results exclude values of                                                   
in IH at >3   . 
Data prefer the NH with 1.8      and UO of          with 2.4     
significance.

sin2 ✓23 = 0.58 ± 0.03
<latexit sha1_base64="Eu5yqmF/HF2py+v8sTXAhDP0+Y8=">AAACC3icbZDLSgMxFIYzXmu9jbp0E1oEV2WmVexGKbhxWcFeoDMOmTRtQzOZITkjlKF7N76KGxeKuPUF3Pk2ppeFth4I+fj/c0jOHyaCa3Ccb2tldW19YzO3ld/e2d3btw8OmzpOFWUNGotYtUOimeCSNYCDYO1EMRKFgrXC4fXEbz0wpXks72CUMD8ifcl7nBIwUmAXPM3lfRl7MGBAgqxcGeNL7JTOq9hLIgNOJbCL5poWXgZ3DkU0r3pgf3ndmKYRk0AF0brjOgn4GVHAqWDjvJdqlhA6JH3WMShJxLSfTXcZ4xOjdHEvVuZIwFP190RGIq1HUWg6IwIDvehNxP+8Tgq9qp9xmaTAJJ091EsFhhhPgsFdrhgFMTJAqOLmr5gOiCIUTHx5E4K7uPIyNMsl1ym5t2fF2tU8jhw6RgV0ilx0gWroBtVRA1H0iJ7RK3qznqwX6936mLWuWPOZI/SnrM8fWf6YAQ==</latexit><latexit sha1_base64="Eu5yqmF/HF2py+v8sTXAhDP0+Y8=">AAACC3icbZDLSgMxFIYzXmu9jbp0E1oEV2WmVexGKbhxWcFeoDMOmTRtQzOZITkjlKF7N76KGxeKuPUF3Pk2ppeFth4I+fj/c0jOHyaCa3Ccb2tldW19YzO3ld/e2d3btw8OmzpOFWUNGotYtUOimeCSNYCDYO1EMRKFgrXC4fXEbz0wpXks72CUMD8ifcl7nBIwUmAXPM3lfRl7MGBAgqxcGeNL7JTOq9hLIgNOJbCL5poWXgZ3DkU0r3pgf3ndmKYRk0AF0brjOgn4GVHAqWDjvJdqlhA6JH3WMShJxLSfTXcZ4xOjdHEvVuZIwFP190RGIq1HUWg6IwIDvehNxP+8Tgq9qp9xmaTAJJ091EsFhhhPgsFdrhgFMTJAqOLmr5gOiCIUTHx5E4K7uPIyNMsl1ym5t2fF2tU8jhw6RgV0ilx0gWroBtVRA1H0iJ7RK3qznqwX6936mLWuWPOZI/SnrM8fWf6YAQ==</latexit><latexit sha1_base64="Eu5yqmF/HF2py+v8sTXAhDP0+Y8=">AAACC3icbZDLSgMxFIYzXmu9jbp0E1oEV2WmVexGKbhxWcFeoDMOmTRtQzOZITkjlKF7N76KGxeKuPUF3Pk2ppeFth4I+fj/c0jOHyaCa3Ccb2tldW19YzO3ld/e2d3btw8OmzpOFWUNGotYtUOimeCSNYCDYO1EMRKFgrXC4fXEbz0wpXks72CUMD8ifcl7nBIwUmAXPM3lfRl7MGBAgqxcGeNL7JTOq9hLIgNOJbCL5poWXgZ3DkU0r3pgf3ndmKYRk0AF0brjOgn4GVHAqWDjvJdqlhA6JH3WMShJxLSfTXcZ4xOjdHEvVuZIwFP190RGIq1HUWg6IwIDvehNxP+8Tgq9qp9xmaTAJJ091EsFhhhPgsFdrhgFMTJAqOLmr5gOiCIUTHx5E4K7uPIyNMsl1ym5t2fF2tU8jhw6RgV0ilx0gWroBtVRA1H0iJ7RK3qznqwX6936mLWuWPOZI/SnrM8fWf6YAQ==</latexit><latexit sha1_base64="Eu5yqmF/HF2py+v8sTXAhDP0+Y8=">AAACC3icbZDLSgMxFIYzXmu9jbp0E1oEV2WmVexGKbhxWcFeoDMOmTRtQzOZITkjlKF7N76KGxeKuPUF3Pk2ppeFth4I+fj/c0jOHyaCa3Ccb2tldW19YzO3ld/e2d3btw8OmzpOFWUNGotYtUOimeCSNYCDYO1EMRKFgrXC4fXEbz0wpXks72CUMD8ifcl7nBIwUmAXPM3lfRl7MGBAgqxcGeNL7JTOq9hLIgNOJbCL5poWXgZ3DkU0r3pgf3ndmKYRk0AF0brjOgn4GVHAqWDjvJdqlhA6JH3WMShJxLSfTXcZ4xOjdHEvVuZIwFP190RGIq1HUWg6IwIDvehNxP+8Tgq9qp9xmaTAJJ091EsFhhhPgsFdrhgFMTJAqOLmr5gOiCIUTHx5E4K7uPIyNMsl1ym5t2fF2tU8jhw6RgV0ilx0gWroBtVRA1H0iJ7RK3qznqwX6936mLWuWPOZI/SnrM8fWf6YAQ==</latexit>

�m2
32 = +2.51+0.12

�0.08 ⇥ 10�3 eV 2,
<latexit sha1_base64="QPiBlPdQZR1PNI3/oq7MhMo/WvI="></latexit><latexit sha1_base64="QPiBlPdQZR1PNI3/oq7MhMo/WvI="></latexit><latexit sha1_base64="QPiBlPdQZR1PNI3/oq7MhMo/WvI="></latexit><latexit sha1_base64="QPiBlPdQZR1PNI3/oq7MhMo/WvI="></latexit>

�CP = 0.2+1.2
�0.6⇡.

<latexit sha1_base64="NTkv403Atjny+bkOofxe09CoAtQ=">AAACDHicbVDLSgMxFM3UV62vqks3wSII4pApom6UQjcuK9gHdMYhk8m0oZkHSUYow3yAG3/FjQtF3PoB7vwb03YW2nogcDjnXG7u8RLOpELo2ygtLa+srpXXKxubW9s71d29joxTQWibxDwWPQ9LyllE24opTnuJoDj0OO16o+bE7z5QIVkc3alxQp0QDyIWMIKVltxqzfYpV9jNmq0cXkFk1u+zE8us5252iszz3E6YqVPIRFPARWIVpAYKtNzql+3HJA1ppAjHUvYtlCgnw0IxwmlesVNJE0xGeED7mkY4pNLJpsfk8EgrPgxioV+k4FT9PZHhUMpx6OlkiNVQznsT8T+vn6rg0slYlKSKRmS2KEg5VDGcNAN9JihRfKwJJoLpv0IyxAITpfur6BKs+ZMXSaduWsi0bs9qjeuijjI4AIfgGFjgAjTADWiBNiDgETyDV/BmPBkvxrvxMYuWjGJmH/yB8fkD4MiY7w==</latexit><latexit sha1_base64="NTkv403Atjny+bkOofxe09CoAtQ=">AAACDHicbVDLSgMxFM3UV62vqks3wSII4pApom6UQjcuK9gHdMYhk8m0oZkHSUYow3yAG3/FjQtF3PoB7vwb03YW2nogcDjnXG7u8RLOpELo2ygtLa+srpXXKxubW9s71d29joxTQWibxDwWPQ9LyllE24opTnuJoDj0OO16o+bE7z5QIVkc3alxQp0QDyIWMIKVltxqzfYpV9jNmq0cXkFk1u+zE8us5252iszz3E6YqVPIRFPARWIVpAYKtNzql+3HJA1ppAjHUvYtlCgnw0IxwmlesVNJE0xGeED7mkY4pNLJpsfk8EgrPgxioV+k4FT9PZHhUMpx6OlkiNVQznsT8T+vn6rg0slYlKSKRmS2KEg5VDGcNAN9JihRfKwJJoLpv0IyxAITpfur6BKs+ZMXSaduWsi0bs9qjeuijjI4AIfgGFjgAjTADWiBNiDgETyDV/BmPBkvxrvxMYuWjGJmH/yB8fkD4MiY7w==</latexit><latexit sha1_base64="NTkv403Atjny+bkOofxe09CoAtQ=">AAACDHicbVDLSgMxFM3UV62vqks3wSII4pApom6UQjcuK9gHdMYhk8m0oZkHSUYow3yAG3/FjQtF3PoB7vwb03YW2nogcDjnXG7u8RLOpELo2ygtLa+srpXXKxubW9s71d29joxTQWibxDwWPQ9LyllE24opTnuJoDj0OO16o+bE7z5QIVkc3alxQp0QDyIWMIKVltxqzfYpV9jNmq0cXkFk1u+zE8us5252iszz3E6YqVPIRFPARWIVpAYKtNzql+3HJA1ppAjHUvYtlCgnw0IxwmlesVNJE0xGeED7mkY4pNLJpsfk8EgrPgxioV+k4FT9PZHhUMpx6OlkiNVQznsT8T+vn6rg0slYlKSKRmS2KEg5VDGcNAN9JihRfKwJJoLpv0IyxAITpfur6BKs+ZMXSaduWsi0bs9qjeuijjI4AIfgGFjgAjTADWiBNiDgETyDV/BmPBkvxrvxMYuWjGJmH/yB8fkD4MiY7w==</latexit><latexit sha1_base64="NTkv403Atjny+bkOofxe09CoAtQ=">AAACDHicbVDLSgMxFM3UV62vqks3wSII4pApom6UQjcuK9gHdMYhk8m0oZkHSUYow3yAG3/FjQtF3PoB7vwb03YW2nogcDjnXG7u8RLOpELo2ygtLa+srpXXKxubW9s71d29joxTQWibxDwWPQ9LyllE24opTnuJoDj0OO16o+bE7z5QIVkc3alxQp0QDyIWMIKVltxqzfYpV9jNmq0cXkFk1u+zE8us5252iszz3E6YqVPIRFPARWIVpAYKtNzql+3HJA1ppAjHUvYtlCgnw0IxwmlesVNJE0xGeED7mkY4pNLJpsfk8EgrPgxioV+k4FT9PZHhUMpx6OlkiNVQznsT8T+vn6rg0slYlKSKRmS2KEg5VDGcNAN9JihRfKwJJoLpv0IyxAITpfur6BKs+ZMXSaduWsi0bs9qjeuijjI4AIfgGFjgAjTADWiBNiDgETyDV/BmPBkvxrvxMYuWjGJmH/yB8fkD4MiY7w==</latexit>

�2 lnL
<latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit><latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit><latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="wC0aTPSs7MmB3MxQ/Ut/xdFp5i4=">AAAB8XicbVBNSwMxFHxbv2qtuurRS7AIXiy7vehR8OLBQwX7Ad2lZNNsG5pNliQrLEv9K148KOKf8ea/Mdv2oK0DgWHmPd5kopQzbTzv26lsbG5t71R3a3v1/YND96je1TJThHaI5FL1I6wpZ4J2DDOc9lNFcRJx2oumt6Xfe6JKMykeTZ7SMMFjwWJGsLHS0D25bKEAcYGCBJsJwby4nw3dhtf05kDrxF+SBizRHrpfwUiSLKHCEI61HvheasICK8MIp7NakGmaYjLFYzqwVOCE6rCYh5+hc6uMUCyVfcKgufp7o8CJ1nkS2ckyol71SvE/b5CZ+DosmEgzQwVZHIozjoxEZRNoxBQlhueWYKKYzYrIBCtMjO2rZkvwV7+8Trqtpu81/QcPqnAKZ3ABPlzBDdxBGzpAIIcXeIN359l5dT4WdVWcZW/H8AfO5w/X4JJx</latexit><latexit sha1_base64="wC0aTPSs7MmB3MxQ/Ut/xdFp5i4=">AAAB8XicbVBNSwMxFHxbv2qtuurRS7AIXiy7vehR8OLBQwX7Ad2lZNNsG5pNliQrLEv9K148KOKf8ea/Mdv2oK0DgWHmPd5kopQzbTzv26lsbG5t71R3a3v1/YND96je1TJThHaI5FL1I6wpZ4J2DDOc9lNFcRJx2oumt6Xfe6JKMykeTZ7SMMFjwWJGsLHS0D25bKEAcYGCBJsJwby4nw3dhtf05kDrxF+SBizRHrpfwUiSLKHCEI61HvheasICK8MIp7NakGmaYjLFYzqwVOCE6rCYh5+hc6uMUCyVfcKgufp7o8CJ1nkS2ckyol71SvE/b5CZ+DosmEgzQwVZHIozjoxEZRNoxBQlhueWYKKYzYrIBCtMjO2rZkvwV7+8Trqtpu81/QcPqnAKZ3ABPlzBDdxBGzpAIIcXeIN359l5dT4WdVWcZW/H8AfO5w/X4JJx</latexit><latexit sha1_base64="1ralF8zeZqa4e9+c0gzFmTl6Ccs=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4sSTd6EoKbly4qGAf0IQymU7aoZNJmJkIIdRfceNCEbd+iDv/xkmbhbYeGDiccy/3zAkSzpR2nG9rbX1jc2u7slPd3ds/OLSPjrsqTiWhHRLzWPYDrChngnY005z2E0lxFHDaC6Y3hd97pFKxWDzoLKF+hMeChYxgbaShXbtoIg9xgbwI6wnBPL+bDe2603DmQKvELUkdSrSH9pc3ikkaUaEJx0oNXCfRfo6lZoTTWdVLFU0wmeIxHRgqcESVn8/Dz9CZUUYojKV5QqO5+nsjx5FSWRSYySKiWvYK8T9vkOrwys+ZSFJNBVkcClOOdIyKJtCISUo0zwzBRDKTFZEJlpho01fVlOAuf3mVdJsN12m49069dV3WUYETOIVzcOESWnALbegAgQye4RXerCfrxXq3Phaja1a5U4M/sD5/ADH9k9A=</latexit><latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit><latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit><latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit><latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit><latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="wC0aTPSs7MmB3MxQ/Ut/xdFp5i4=">AAAB8XicbVBNSwMxFHxbv2qtuurRS7AIXiy7vehR8OLBQwX7Ad2lZNNsG5pNliQrLEv9K148KOKf8ea/Mdv2oK0DgWHmPd5kopQzbTzv26lsbG5t71R3a3v1/YND96je1TJThHaI5FL1I6wpZ4J2DDOc9lNFcRJx2oumt6Xfe6JKMykeTZ7SMMFjwWJGsLHS0D25bKEAcYGCBJsJwby4nw3dhtf05kDrxF+SBizRHrpfwUiSLKHCEI61HvheasICK8MIp7NakGmaYjLFYzqwVOCE6rCYh5+hc6uMUCyVfcKgufp7o8CJ1nkS2ckyol71SvE/b5CZ+DosmEgzQwVZHIozjoxEZRNoxBQlhueWYKKYzYrIBCtMjO2rZkvwV7+8Trqtpu81/QcPqnAKZ3ABPlzBDdxBGzpAIIcXeIN359l5dT4WdVWcZW/H8AfO5w/X4JJx</latexit><latexit sha1_base64="wC0aTPSs7MmB3MxQ/Ut/xdFp5i4=">AAAB8XicbVBNSwMxFHxbv2qtuurRS7AIXiy7vehR8OLBQwX7Ad2lZNNsG5pNliQrLEv9K148KOKf8ea/Mdv2oK0DgWHmPd5kopQzbTzv26lsbG5t71R3a3v1/YND96je1TJThHaI5FL1I6wpZ4J2DDOc9lNFcRJx2oumt6Xfe6JKMykeTZ7SMMFjwWJGsLHS0D25bKEAcYGCBJsJwby4nw3dhtf05kDrxF+SBizRHrpfwUiSLKHCEI61HvheasICK8MIp7NakGmaYjLFYzqwVOCE6rCYh5+hc6uMUCyVfcKgufp7o8CJ1nkS2ckyol71SvE/b5CZ+DosmEgzQwVZHIozjoxEZRNoxBQlhueWYKKYzYrIBCtMjO2rZkvwV7+8Trqtpu81/QcPqnAKZ3ABPlzBDdxBGzpAIIcXeIN359l5dT4WdVWcZW/H8AfO5w/X4JJx</latexit><latexit sha1_base64="1ralF8zeZqa4e9+c0gzFmTl6Ccs=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4sSTd6EoKbly4qGAf0IQymU7aoZNJmJkIIdRfceNCEbd+iDv/xkmbhbYeGDiccy/3zAkSzpR2nG9rbX1jc2u7slPd3ds/OLSPjrsqTiWhHRLzWPYDrChngnY005z2E0lxFHDaC6Y3hd97pFKxWDzoLKF+hMeChYxgbaShXbtoIg9xgbwI6wnBPL+bDe2603DmQKvELUkdSrSH9pc3ikkaUaEJx0oNXCfRfo6lZoTTWdVLFU0wmeIxHRgqcESVn8/Dz9CZUUYojKV5QqO5+nsjx5FSWRSYySKiWvYK8T9vkOrwys+ZSFJNBVkcClOOdIyKJtCISUo0zwzBRDKTFZEJlpho01fVlOAuf3mVdJsN12m49069dV3WUYETOIVzcOESWnALbegAgQye4RXerCfrxXq3Phaja1a5U4M/sD5/ADH9k9A=</latexit><latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit><latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit><latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit><latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit><latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit><latexit sha1_base64="Fk5ZzGa6+ByBYYVytPj/PDPBtaQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpgq6k4MaFiwr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y0WWjrgYHDOfdyz5wg5kxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uI5WKReJBpzH1QzwWbMQI1kYa2NXzBvIQF8gLsZ4QzLO72cCuOXVnDrRK3ILUoEBrYH95w4gkIRWacKxU33Vi7WdYakY4nVW8RNEYkyke076hAodU+dk8/AydGmWIRpE0T2g0V39vZDhUKg0DM5lHVMteLv7n9RM9uvIzJuJEU0EWh0YJRzpCeRNoyCQlmqeGYCKZyYrIBEtMtOmrYkpwl7+8SjqNuuvU3fuLWvO6qKMMx3ACZ+DCJTThFlrQBgIpPMMrvFlP1ov1bn0sRktWsVOFP7A+fwAzPZPU</latexit>

�CP = [0.27⇡, 0.64⇡]
<latexit sha1_base64="41O6BtjcEO48bccePtj4OD1kpqI=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhISrFulEI3LivYCzQhTCaTduhkEmYmQgnduvFV3LhQxK1v4M63cdpmoa0/DHz85xzOnD9IGZXKtr+N0tr6xuZWebuys7u3f2AeHnVlkglMOjhhiegHSBJGOekoqhjpp4KgOGCkF4xbs3rvgQhJE36vJinxYjTkNKIYKW35JnRDwhTy81Z7Cq/hwLZqDTelF9C2LusaPN+s2pY9F1wFp4AqKNT2zS83THAWE64wQ1IOHDtVXo6EopiRacXNJEkRHqMhGWjkKCbSy+eXTOGZdkIYJUI/ruDc/T2Ro1jKSRzozhipkVyuzcz/aoNMRVdeTnmaKcLxYlGUMagSOIsFhlQQrNhEA8KC6r9CPEICYaXDq+gQnOWTV6Fbsxzbcu7q1eZNEUcZnIBTcA4c0ABNcAvaoAMweATP4BW8GU/Gi/FufCxaS0Yxcwz+yPj8AZyTl7E=</latexit><latexit sha1_base64="41O6BtjcEO48bccePtj4OD1kpqI=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhISrFulEI3LivYCzQhTCaTduhkEmYmQgnduvFV3LhQxK1v4M63cdpmoa0/DHz85xzOnD9IGZXKtr+N0tr6xuZWebuys7u3f2AeHnVlkglMOjhhiegHSBJGOekoqhjpp4KgOGCkF4xbs3rvgQhJE36vJinxYjTkNKIYKW35JnRDwhTy81Z7Cq/hwLZqDTelF9C2LusaPN+s2pY9F1wFp4AqKNT2zS83THAWE64wQ1IOHDtVXo6EopiRacXNJEkRHqMhGWjkKCbSy+eXTOGZdkIYJUI/ruDc/T2Ro1jKSRzozhipkVyuzcz/aoNMRVdeTnmaKcLxYlGUMagSOIsFhlQQrNhEA8KC6r9CPEICYaXDq+gQnOWTV6Fbsxzbcu7q1eZNEUcZnIBTcA4c0ABNcAvaoAMweATP4BW8GU/Gi/FufCxaS0Yxcwz+yPj8AZyTl7E=</latexit><latexit sha1_base64="41O6BtjcEO48bccePtj4OD1kpqI=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhISrFulEI3LivYCzQhTCaTduhkEmYmQgnduvFV3LhQxK1v4M63cdpmoa0/DHz85xzOnD9IGZXKtr+N0tr6xuZWebuys7u3f2AeHnVlkglMOjhhiegHSBJGOekoqhjpp4KgOGCkF4xbs3rvgQhJE36vJinxYjTkNKIYKW35JnRDwhTy81Z7Cq/hwLZqDTelF9C2LusaPN+s2pY9F1wFp4AqKNT2zS83THAWE64wQ1IOHDtVXo6EopiRacXNJEkRHqMhGWjkKCbSy+eXTOGZdkIYJUI/ruDc/T2Ro1jKSRzozhipkVyuzcz/aoNMRVdeTnmaKcLxYlGUMagSOIsFhlQQrNhEA8KC6r9CPEICYaXDq+gQnOWTV6Fbsxzbcu7q1eZNEUcZnIBTcA4c0ABNcAvaoAMweATP4BW8GU/Gi/FufCxaS0Yxcwz+yPj8AZyTl7E=</latexit><latexit sha1_base64="41O6BtjcEO48bccePtj4OD1kpqI=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhISrFulEI3LivYCzQhTCaTduhkEmYmQgnduvFV3LhQxK1v4M63cdpmoa0/DHz85xzOnD9IGZXKtr+N0tr6xuZWebuys7u3f2AeHnVlkglMOjhhiegHSBJGOekoqhjpp4KgOGCkF4xbs3rvgQhJE36vJinxYjTkNKIYKW35JnRDwhTy81Z7Cq/hwLZqDTelF9C2LusaPN+s2pY9F1wFp4AqKNT2zS83THAWE64wQ1IOHDtVXo6EopiRacXNJEkRHqMhGWjkKCbSy+eXTOGZdkIYJUI/ruDc/T2Ro1jKSRzozhipkVyuzcz/aoNMRVdeTnmaKcLxYlGUMagSOIsFhlQQrNhEA8KC6r9CPEICYaXDq+gQnOWTV6Fbsxzbcu7q1eZNEUcZnIBTcA4c0ABNcAvaoAMweATP4BW8GU/Gi/FufCxaS0Yxcwz+yPj8AZyTl7E=</latexit>

�
<latexit sha1_base64="rBsKkhZHNiVSp8f4KeCXNpHOA7w=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWcLsZDYZM49lZlZYlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e6W19Y3NrfJ2ZWd3b/+genjUNirVhLaI4kp3I2woZ5K2LLOcdhNNsYg47UST25nfeaLaMCUfbJbQUOCRZDEj2Dqp3TdsJPCgWvPr/hxolQQFqUGB5qD61R8qkgoqLeHYmF7gJzbMsbaMcDqt9FNDE0wmeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjMlE5DoFtmOz7M3E/7xeauPrMGcySS2VZLEoTjmyCs1eR0OmKbE8cwQTzdytiIyxxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MHmyuPHw==</latexit><latexit sha1_base64="rBsKkhZHNiVSp8f4KeCXNpHOA7w=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWcLsZDYZM49lZlZYlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e6W19Y3NrfJ2ZWd3b/+genjUNirVhLaI4kp3I2woZ5K2LLOcdhNNsYg47UST25nfeaLaMCUfbJbQUOCRZDEj2Dqp3TdsJPCgWvPr/hxolQQFqUGB5qD61R8qkgoqLeHYmF7gJzbMsbaMcDqt9FNDE0wmeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjMlE5DoFtmOz7M3E/7xeauPrMGcySS2VZLEoTjmyCs1eR0OmKbE8cwQTzdytiIyxxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MHmyuPHw==</latexit><latexit sha1_base64="rBsKkhZHNiVSp8f4KeCXNpHOA7w=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWcLsZDYZM49lZlZYlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e6W19Y3NrfJ2ZWd3b/+genjUNirVhLaI4kp3I2woZ5K2LLOcdhNNsYg47UST25nfeaLaMCUfbJbQUOCRZDEj2Dqp3TdsJPCgWvPr/hxolQQFqUGB5qD61R8qkgoqLeHYmF7gJzbMsbaMcDqt9FNDE0wmeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjMlE5DoFtmOz7M3E/7xeauPrMGcySS2VZLEoTjmyCs1eR0OmKbE8cwQTzdytiIyxxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MHmyuPHw==</latexit><latexit sha1_base64="rBsKkhZHNiVSp8f4KeCXNpHOA7w=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWcLsZDYZM49lZlZYlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e6W19Y3NrfJ2ZWd3b/+genjUNirVhLaI4kp3I2woZ5K2LLOcdhNNsYg47UST25nfeaLaMCUfbJbQUOCRZDEj2Dqp3TdsJPCgWvPr/hxolQQFqUGB5qD61R8qkgoqLeHYmF7gJzbMsbaMcDqt9FNDE0wmeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjMlE5DoFtmOz7M3E/7xeauPrMGcySS2VZLEoTjmyCs1eR0OmKbE8cwQTzdytiIyxxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MHmyuPHw==</latexit>

�
<latexit sha1_base64="rBsKkhZHNiVSp8f4KeCXNpHOA7w=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWcLsZDYZM49lZlZYlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e6W19Y3NrfJ2ZWd3b/+genjUNirVhLaI4kp3I2woZ5K2LLOcdhNNsYg47UST25nfeaLaMCUfbJbQUOCRZDEj2Dqp3TdsJPCgWvPr/hxolQQFqUGB5qD61R8qkgoqLeHYmF7gJzbMsbaMcDqt9FNDE0wmeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjMlE5DoFtmOz7M3E/7xeauPrMGcySS2VZLEoTjmyCs1eR0OmKbE8cwQTzdytiIyxxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MHmyuPHw==</latexit><latexit sha1_base64="rBsKkhZHNiVSp8f4KeCXNpHOA7w=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWcLsZDYZM49lZlZYlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e6W19Y3NrfJ2ZWd3b/+genjUNirVhLaI4kp3I2woZ5K2LLOcdhNNsYg47UST25nfeaLaMCUfbJbQUOCRZDEj2Dqp3TdsJPCgWvPr/hxolQQFqUGB5qD61R8qkgoqLeHYmF7gJzbMsbaMcDqt9FNDE0wmeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjMlE5DoFtmOz7M3E/7xeauPrMGcySS2VZLEoTjmyCs1eR0OmKbE8cwQTzdytiIyxxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MHmyuPHw==</latexit><latexit sha1_base64="rBsKkhZHNiVSp8f4KeCXNpHOA7w=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWcLsZDYZM49lZlZYlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e6W19Y3NrfJ2ZWd3b/+genjUNirVhLaI4kp3I2woZ5K2LLOcdhNNsYg47UST25nfeaLaMCUfbJbQUOCRZDEj2Dqp3TdsJPCgWvPr/hxolQQFqUGB5qD61R8qkgoqLeHYmF7gJzbMsbaMcDqt9FNDE0wmeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjMlE5DoFtmOz7M3E/7xeauPrMGcySS2VZLEoTjmyCs1eR0OmKbE8cwQTzdytiIyxxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MHmyuPHw==</latexit><latexit sha1_base64="rBsKkhZHNiVSp8f4KeCXNpHOA7w=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWcLsZDYZM49lZlZYlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e6W19Y3NrfJ2ZWd3b/+genjUNirVhLaI4kp3I2woZ5K2LLOcdhNNsYg47UST25nfeaLaMCUfbJbQUOCRZDEj2Dqp3TdsJPCgWvPr/hxolQQFqUGB5qD61R8qkgoqLeHYmF7gJzbMsbaMcDqt9FNDE0wmeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjMlE5DoFtmOz7M3E/7xeauPrMGcySS2VZLEoTjmyCs1eR0OmKbE8cwQTzdytiIyxxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MHmyuPHw==</latexit>

✓23
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NOvA uses an extrapolation procedure from Near Detector (ND) to Far Detector (FD) which helps to 
reduce systematic uncertainties.
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Near-to-Far extrapolation 
procedure significantly  
reduces cross-section and 
flux uncertainties. The 
overall uncertainty (on the 
right) is reduced from 15% 
to 8.5% for         and from 
12.5% to 5.5% for       .

The picture above shows how ND selected events are used for making predictions in the FD. 
Systematic uncertainties are assessed by varying all MC based steps.

The plot on the right shows the systematic uncertainties in                    
neutrino and antineutrino joint fit. All joint fit systematics (50 
items) are marginalized into 8 main categories in this plot. The 
total systematic uncertainty is a sum in quadrature of all 
components. 
Current measurements are still limited by statistics.

Systematics
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<latexit sha1_base64="oeJdKbgVoEXT9okiCMYYj2cAoNU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6EkKXjxWsLWQhLLZTtqlm92wuxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPz4owzbTzv26msrW9sblW3azu7e/sH9cOjrpa5otihkkvVi4lGzgR2DDMce5lCksYcH+Px7cx/fEKlmRQPZpJhlJKhYAmjxFgpCGOiilDk0z726w2v6c3hrhK/JA0o0e7Xv8KBpHmKwlBOtA58LzNRQZRhlOO0FuYaM0LHZIiBpYKkqKNifvLUPbPKwE2ksiWMO1d/TxQk1XqSxrYzJWakl72Z+J8X5Ca5jgomstygoItFSc5dI93Z/+6AKaSGTywhVDF7q0tHRBFqbEo1G4K//PIq6V40fa/p3182WjdlHFU4gVM4Bx+uoAV30IYOUJDwDK/w5hjnxXl3PhatFaecOYY/cD5/AJtdkXA=</latexit><latexit sha1_base64="oeJdKbgVoEXT9okiCMYYj2cAoNU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6EkKXjxWsLWQhLLZTtqlm92wuxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPz4owzbTzv26msrW9sblW3azu7e/sH9cOjrpa5otihkkvVi4lGzgR2DDMce5lCksYcH+Px7cx/fEKlmRQPZpJhlJKhYAmjxFgpCGOiilDk0z726w2v6c3hrhK/JA0o0e7Xv8KBpHmKwlBOtA58LzNRQZRhlOO0FuYaM0LHZIiBpYKkqKNifvLUPbPKwE2ksiWMO1d/TxQk1XqSxrYzJWakl72Z+J8X5Ca5jgomstygoItFSc5dI93Z/+6AKaSGTywhVDF7q0tHRBFqbEo1G4K//PIq6V40fa/p3182WjdlHFU4gVM4Bx+uoAV30IYOUJDwDK/w5hjnxXl3PhatFaecOYY/cD5/AJtdkXA=</latexit><latexit sha1_base64="oeJdKbgVoEXT9okiCMYYj2cAoNU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6EkKXjxWsLWQhLLZTtqlm92wuxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPz4owzbTzv26msrW9sblW3azu7e/sH9cOjrpa5otihkkvVi4lGzgR2DDMce5lCksYcH+Px7cx/fEKlmRQPZpJhlJKhYAmjxFgpCGOiilDk0z726w2v6c3hrhK/JA0o0e7Xv8KBpHmKwlBOtA58LzNRQZRhlOO0FuYaM0LHZIiBpYKkqKNifvLUPbPKwE2ksiWMO1d/TxQk1XqSxrYzJWakl72Z+J8X5Ca5jgomstygoItFSc5dI93Z/+6AKaSGTywhVDF7q0tHRBFqbEo1G4K//PIq6V40fa/p3182WjdlHFU4gVM4Bx+uoAV30IYOUJDwDK/w5hjnxXl3PhatFaecOYY/cD5/AJtdkXA=</latexit><latexit sha1_base64="oeJdKbgVoEXT9okiCMYYj2cAoNU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6EkKXjxWsLWQhLLZTtqlm92wuxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPz4owzbTzv26msrW9sblW3azu7e/sH9cOjrpa5otihkkvVi4lGzgR2DDMce5lCksYcH+Px7cx/fEKlmRQPZpJhlJKhYAmjxFgpCGOiilDk0z726w2v6c3hrhK/JA0o0e7Xv8KBpHmKwlBOtA58LzNRQZRhlOO0FuYaM0LHZIiBpYKkqKNifvLUPbPKwE2ksiWMO1d/TxQk1XqSxrYzJWakl72Z+J8X5Ca5jgomstygoItFSc5dI93Z/+6AKaSGTywhVDF7q0tHRBFqbEo1G4K//PIq6V40fa/p3182WjdlHFU4gVM4Bx+uoAV30IYOUJDwDK/w5hjnxXl3PhatFaecOYY/cD5/AJtdkXA=</latexit>

⌫e + ⌫µ
<latexit sha1_base64="vWeRxJcba++v76XyxFSx7hP6yms=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCIJREBF1JwY3LCvYBTQiT6aQdOjMJ8xBq6Je4caGIWz/FnX/jpM1CWw9c7uGce5k7J84YVdrzvp3K2vrG5lZ1u7azu7dfdw8Ouyo1EpMOTlkq+zFShFFBOppqRvqZJIjHjPTiyW3h9x6JVDQVD3qakZCjkaAJxUhbKXLrgTARgeew6AE3kdvwmt4ccJX4JWmAEu3I/QqGKTacCI0ZUmrge5kOcyQ1xYzMaoFRJEN4gkZkYKlAnKgwnx8+g6dWGcIklbaEhnP190aOuFJTHttJjvRYLXuF+J83MDq5DnMqMqOJwIuHEsOgTmGRAhxSSbBmU0sQltTeCvEYSYS1zapmQ/CXv7xKuhdN32v695eN1k0ZRxUcgxNwBnxwBVrgDrRBB2BgwDN4BW/Ok/PivDsfi9GKU+4cgT9wPn8A1KOShw==</latexit><latexit sha1_base64="vWeRxJcba++v76XyxFSx7hP6yms=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCIJREBF1JwY3LCvYBTQiT6aQdOjMJ8xBq6Je4caGIWz/FnX/jpM1CWw9c7uGce5k7J84YVdrzvp3K2vrG5lZ1u7azu7dfdw8Ouyo1EpMOTlkq+zFShFFBOppqRvqZJIjHjPTiyW3h9x6JVDQVD3qakZCjkaAJxUhbKXLrgTARgeew6AE3kdvwmt4ccJX4JWmAEu3I/QqGKTacCI0ZUmrge5kOcyQ1xYzMaoFRJEN4gkZkYKlAnKgwnx8+g6dWGcIklbaEhnP190aOuFJTHttJjvRYLXuF+J83MDq5DnMqMqOJwIuHEsOgTmGRAhxSSbBmU0sQltTeCvEYSYS1zapmQ/CXv7xKuhdN32v695eN1k0ZRxUcgxNwBnxwBVrgDrRBB2BgwDN4BW/Ok/PivDsfi9GKU+4cgT9wPn8A1KOShw==</latexit><latexit sha1_base64="vWeRxJcba++v76XyxFSx7hP6yms=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCIJREBF1JwY3LCvYBTQiT6aQdOjMJ8xBq6Je4caGIWz/FnX/jpM1CWw9c7uGce5k7J84YVdrzvp3K2vrG5lZ1u7azu7dfdw8Ouyo1EpMOTlkq+zFShFFBOppqRvqZJIjHjPTiyW3h9x6JVDQVD3qakZCjkaAJxUhbKXLrgTARgeew6AE3kdvwmt4ccJX4JWmAEu3I/QqGKTacCI0ZUmrge5kOcyQ1xYzMaoFRJEN4gkZkYKlAnKgwnx8+g6dWGcIklbaEhnP190aOuFJTHttJjvRYLXuF+J83MDq5DnMqMqOJwIuHEsOgTmGRAhxSSbBmU0sQltTeCvEYSYS1zapmQ/CXv7xKuhdN32v695eN1k0ZRxUcgxNwBnxwBVrgDrRBB2BgwDN4BW/Ok/PivDsfi9GKU+4cgT9wPn8A1KOShw==</latexit><latexit sha1_base64="vWeRxJcba++v76XyxFSx7hP6yms=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCIJREBF1JwY3LCvYBTQiT6aQdOjMJ8xBq6Je4caGIWz/FnX/jpM1CWw9c7uGce5k7J84YVdrzvp3K2vrG5lZ1u7azu7dfdw8Ouyo1EpMOTlkq+zFShFFBOppqRvqZJIjHjPTiyW3h9x6JVDQVD3qakZCjkaAJxUhbKXLrgTARgeew6AE3kdvwmt4ccJX4JWmAEu3I/QqGKTacCI0ZUmrge5kOcyQ1xYzMaoFRJEN4gkZkYKlAnKgwnx8+g6dWGcIklbaEhnP190aOuFJTHttJjvRYLXuF+J83MDq5DnMqMqOJwIuHEsOgTmGRAhxSSbBmU0sQltTeCvEYSYS1zapmQ/CXv7xKuhdN32v695eN1k0ZRxUcgxNwBnxwBVrgDrRBB2BgwDN4BW/Ok/PivDsfi9GKU+4cgT9wPn8A1KOShw==</latexit>

Example of one of the 
largest cross-section 
systematics (axial mass for 
RES) and how Near-to-Far 
extrapolation helps to 
reduce it. 
Shifted prediction spectra 
are the inputs for the fit.
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Analysed data

The most recent analysis was the first to include both neutrino (                   POT) and 
antineutrino (                   POT) data.

9 · 1020
<latexit sha1_base64="W1OpTcM/4otV579Iz/yL28XMKRU=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInkq2COpFCl48VrAf0K4lm03b0OxmSWaFuvSXePGgiFd/ijf/jWm7B219MPB4b4aZeUEihQFCvp3C2vrG5lZxu7Szu7dfdg8OW0almvEmU1LpTkANlyLmTRAgeSfRnEaB5O1gfDPz249cG6Hie5gk3I/oMBYDwShYqe+Wr3CPhQqwRx6yGpn23QqpkjnwKvFyUkE5Gn33qxcqlkY8BiapMV2PJOBnVINgkk9LvdTwhLIxHfKupTGNuPGz+eFTfGqVEA+UthUDnqu/JzIaGTOJAtsZURiZZW8m/ud1Uxhc+pmIkxR4zBaLBqnEoPAsBRwKzRnIiSWUaWFvxWxENWVgsyrZELzll1dJq1b1SNW7O6/Ur/M4iugYnaAz5KELVEe3qIGaiKEUPaNX9OY8OS/Ou/OxaC04+cwR+gPn8wfCIJHV</latexit><latexit sha1_base64="W1OpTcM/4otV579Iz/yL28XMKRU=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInkq2COpFCl48VrAf0K4lm03b0OxmSWaFuvSXePGgiFd/ijf/jWm7B219MPB4b4aZeUEihQFCvp3C2vrG5lZxu7Szu7dfdg8OW0almvEmU1LpTkANlyLmTRAgeSfRnEaB5O1gfDPz249cG6Hie5gk3I/oMBYDwShYqe+Wr3CPhQqwRx6yGpn23QqpkjnwKvFyUkE5Gn33qxcqlkY8BiapMV2PJOBnVINgkk9LvdTwhLIxHfKupTGNuPGz+eFTfGqVEA+UthUDnqu/JzIaGTOJAtsZURiZZW8m/ud1Uxhc+pmIkxR4zBaLBqnEoPAsBRwKzRnIiSWUaWFvxWxENWVgsyrZELzll1dJq1b1SNW7O6/Ur/M4iugYnaAz5KELVEe3qIGaiKEUPaNX9OY8OS/Ou/OxaC04+cwR+gPn8wfCIJHV</latexit><latexit sha1_base64="W1OpTcM/4otV579Iz/yL28XMKRU=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInkq2COpFCl48VrAf0K4lm03b0OxmSWaFuvSXePGgiFd/ijf/jWm7B219MPB4b4aZeUEihQFCvp3C2vrG5lZxu7Szu7dfdg8OW0almvEmU1LpTkANlyLmTRAgeSfRnEaB5O1gfDPz249cG6Hie5gk3I/oMBYDwShYqe+Wr3CPhQqwRx6yGpn23QqpkjnwKvFyUkE5Gn33qxcqlkY8BiapMV2PJOBnVINgkk9LvdTwhLIxHfKupTGNuPGz+eFTfGqVEA+UthUDnqu/JzIaGTOJAtsZURiZZW8m/ud1Uxhc+pmIkxR4zBaLBqnEoPAsBRwKzRnIiSWUaWFvxWxENWVgsyrZELzll1dJq1b1SNW7O6/Ur/M4iugYnaAz5KELVEe3qIGaiKEUPaNX9OY8OS/Ou/OxaC04+cwR+gPn8wfCIJHV</latexit><latexit sha1_base64="W1OpTcM/4otV579Iz/yL28XMKRU=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInkq2COpFCl48VrAf0K4lm03b0OxmSWaFuvSXePGgiFd/ijf/jWm7B219MPB4b4aZeUEihQFCvp3C2vrG5lZxu7Szu7dfdg8OW0almvEmU1LpTkANlyLmTRAgeSfRnEaB5O1gfDPz249cG6Hie5gk3I/oMBYDwShYqe+Wr3CPhQqwRx6yGpn23QqpkjnwKvFyUkE5Gn33qxcqlkY8BiapMV2PJOBnVINgkk9LvdTwhLIxHfKupTGNuPGz+eFTfGqVEA+UthUDnqu/JzIaGTOJAtsZURiZZW8m/ud1Uxhc+pmIkxR4zBaLBqnEoPAsBRwKzRnIiSWUaWFvxWxENWVgsyrZELzll1dJq1b1SNW7O6/Ur/M4iugYnaAz5KELVEe3qIGaiKEUPaNX9OY8OS/Ou/OxaC04+cwR+gPn8wfCIJHV</latexit>

7 · 1020
<latexit sha1_base64="UUmn5HiJzA0xJQl+nxoNR4F2LTo=">AAAB+HicbVBNSwMxEJ2tX7V+tOrRS7AInkq2CPUkBS8eK9gPaNeSzWbb0Gx2SbJCXfpLvHhQxKs/xZv/xrTdg7Y+GHi8N8PMPD8RXBuMv53CxubW9k5xt7S3f3BYrhwdd3ScKsraNBax6vlEM8ElaxtuBOslipHIF6zrT27mfveRKc1jeW+mCfMiMpI85JQYKw0r5QYa0CA2yMUPWR3PhpUqruEF0Dpxc1KFHK1h5WsQxDSNmDRUEK37Lk6MlxFlOBVsVhqkmiWETsiI9S2VJGLayxaHz9C5VQIUxsqWNGih/p7ISKT1NPJtZ0TMWK96c/E/r5+a8MrLuExSwyRdLgpTgUyM5imggCtGjZhaQqji9lZEx0QRamxWJRuCu/ryOunUay6uuXeX1eZ1HkcRTuEMLsCFBjThFlrQBgopPMMrvDlPzovz7nwsWwtOPnMCf+B8/gC+/JHT</latexit><latexit sha1_base64="UUmn5HiJzA0xJQl+nxoNR4F2LTo=">AAAB+HicbVBNSwMxEJ2tX7V+tOrRS7AInkq2CPUkBS8eK9gPaNeSzWbb0Gx2SbJCXfpLvHhQxKs/xZv/xrTdg7Y+GHi8N8PMPD8RXBuMv53CxubW9k5xt7S3f3BYrhwdd3ScKsraNBax6vlEM8ElaxtuBOslipHIF6zrT27mfveRKc1jeW+mCfMiMpI85JQYKw0r5QYa0CA2yMUPWR3PhpUqruEF0Dpxc1KFHK1h5WsQxDSNmDRUEK37Lk6MlxFlOBVsVhqkmiWETsiI9S2VJGLayxaHz9C5VQIUxsqWNGih/p7ISKT1NPJtZ0TMWK96c/E/r5+a8MrLuExSwyRdLgpTgUyM5imggCtGjZhaQqji9lZEx0QRamxWJRuCu/ryOunUay6uuXeX1eZ1HkcRTuEMLsCFBjThFlrQBgopPMMrvDlPzovz7nwsWwtOPnMCf+B8/gC+/JHT</latexit><latexit sha1_base64="UUmn5HiJzA0xJQl+nxoNR4F2LTo=">AAAB+HicbVBNSwMxEJ2tX7V+tOrRS7AInkq2CPUkBS8eK9gPaNeSzWbb0Gx2SbJCXfpLvHhQxKs/xZv/xrTdg7Y+GHi8N8PMPD8RXBuMv53CxubW9k5xt7S3f3BYrhwdd3ScKsraNBax6vlEM8ElaxtuBOslipHIF6zrT27mfveRKc1jeW+mCfMiMpI85JQYKw0r5QYa0CA2yMUPWR3PhpUqruEF0Dpxc1KFHK1h5WsQxDSNmDRUEK37Lk6MlxFlOBVsVhqkmiWETsiI9S2VJGLayxaHz9C5VQIUxsqWNGih/p7ISKT1NPJtZ0TMWK96c/E/r5+a8MrLuExSwyRdLgpTgUyM5imggCtGjZhaQqji9lZEx0QRamxWJRuCu/ryOunUay6uuXeX1eZ1HkcRTuEMLsCFBjThFlrQBgopPMMrvDlPzovz7nwsWwtOPnMCf+B8/gC+/JHT</latexit><latexit sha1_base64="UUmn5HiJzA0xJQl+nxoNR4F2LTo=">AAAB+HicbVBNSwMxEJ2tX7V+tOrRS7AInkq2CPUkBS8eK9gPaNeSzWbb0Gx2SbJCXfpLvHhQxKs/xZv/xrTdg7Y+GHi8N8PMPD8RXBuMv53CxubW9k5xt7S3f3BYrhwdd3ScKsraNBax6vlEM8ElaxtuBOslipHIF6zrT27mfveRKc1jeW+mCfMiMpI85JQYKw0r5QYa0CA2yMUPWR3PhpUqruEF0Dpxc1KFHK1h5WsQxDSNmDRUEK37Lk6MlxFlOBVsVhqkmiWETsiI9S2VJGLayxaHz9C5VQIUxsqWNGih/p7ISKT1NPJtZ0TMWK96c/E/r5+a8MrLuExSwyRdLgpTgUyM5imggCtGjZhaQqji9lZEx0QRamxWJRuCu/ryOunUay6uuXeX1eZ1HkcRTuEMLsCFBjThFlrQBgopPMMrvDlPzovz7nwsWwtOPnMCf+B8/gC+/JHT</latexit>

⌫µ ! ⌫µ
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Neutrino beam NOvA Preliminary

All Quartiles

Examples of fitted spectra for                        (left) and                       (right) channels.  In case  
of                        analysis we divide data in four histograms (quartiles). It was done in order 
to increase sensitivity  to oscillation parameters.  
As a result, we fitted  4                      + 1                     + 4                      + 1                     spectra 
(which means 178 bins).   

⌫µ ! ⌫µ
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⌫µ ! ⌫e
<latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit><latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit><latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit><latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit>

⌫µ ! ⌫e
<latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit><latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit><latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit><latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit>

⌫̄µ ! ⌫̄µ
<latexit sha1_base64="fs6RLQgN5WkXdaeT4gu49Zg38Bk=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VRIRdCUFNy4r2Ac0IUymk3bozCTMQymhn+DGX3HjQhG3Lt35N07bLGzrgQuHc+7l3nvijFGlPe/HKa2srq1vlDcrW9s7u3vu/kFLpUZi0sQpS2UnRoowKkhTU81IJ5ME8ZiRdjy8mfjtByIVTcW9HmUk5KgvaEIx0laK3NMgRjIPhBlHATcwkLQ/0EjK9BHOOZFb9WreFHCZ+AWpggKNyP0Oeik2nAiNGVKq63uZDnMkNcWMjCuBUSRDeIj6pGupQJyoMJ8+NIYnVunBJJW2hIZT9e9EjrhSIx7bTo70QC16E/E/r2t0chXmVGRGE4FnixLDoE7hJB3Yo5JgzUaWICypvRXiAZIIa5thxYbgL768TFrnNd+r+XcX1fp1EUcZHIFjcAZ8cAnq4BY0QBNg8ARewBt4d56dV+fD+Zy1lpxi5hDMwfn6BRhDndw=</latexit><latexit sha1_base64="fs6RLQgN5WkXdaeT4gu49Zg38Bk=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VRIRdCUFNy4r2Ac0IUymk3bozCTMQymhn+DGX3HjQhG3Lt35N07bLGzrgQuHc+7l3nvijFGlPe/HKa2srq1vlDcrW9s7u3vu/kFLpUZi0sQpS2UnRoowKkhTU81IJ5ME8ZiRdjy8mfjtByIVTcW9HmUk5KgvaEIx0laK3NMgRjIPhBlHATcwkLQ/0EjK9BHOOZFb9WreFHCZ+AWpggKNyP0Oeik2nAiNGVKq63uZDnMkNcWMjCuBUSRDeIj6pGupQJyoMJ8+NIYnVunBJJW2hIZT9e9EjrhSIx7bTo70QC16E/E/r2t0chXmVGRGE4FnixLDoE7hJB3Yo5JgzUaWICypvRXiAZIIa5thxYbgL768TFrnNd+r+XcX1fp1EUcZHIFjcAZ8cAnq4BY0QBNg8ARewBt4d56dV+fD+Zy1lpxi5hDMwfn6BRhDndw=</latexit><latexit sha1_base64="fs6RLQgN5WkXdaeT4gu49Zg38Bk=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VRIRdCUFNy4r2Ac0IUymk3bozCTMQymhn+DGX3HjQhG3Lt35N07bLGzrgQuHc+7l3nvijFGlPe/HKa2srq1vlDcrW9s7u3vu/kFLpUZi0sQpS2UnRoowKkhTU81IJ5ME8ZiRdjy8mfjtByIVTcW9HmUk5KgvaEIx0laK3NMgRjIPhBlHATcwkLQ/0EjK9BHOOZFb9WreFHCZ+AWpggKNyP0Oeik2nAiNGVKq63uZDnMkNcWMjCuBUSRDeIj6pGupQJyoMJ8+NIYnVunBJJW2hIZT9e9EjrhSIx7bTo70QC16E/E/r2t0chXmVGRGE4FnixLDoE7hJB3Yo5JgzUaWICypvRXiAZIIa5thxYbgL768TFrnNd+r+XcX1fp1EUcZHIFjcAZ8cAnq4BY0QBNg8ARewBt4d56dV+fD+Zy1lpxi5hDMwfn6BRhDndw=</latexit><latexit sha1_base64="fs6RLQgN5WkXdaeT4gu49Zg38Bk=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VRIRdCUFNy4r2Ac0IUymk3bozCTMQymhn+DGX3HjQhG3Lt35N07bLGzrgQuHc+7l3nvijFGlPe/HKa2srq1vlDcrW9s7u3vu/kFLpUZi0sQpS2UnRoowKkhTU81IJ5ME8ZiRdjy8mfjtByIVTcW9HmUk5KgvaEIx0laK3NMgRjIPhBlHATcwkLQ/0EjK9BHOOZFb9WreFHCZ+AWpggKNyP0Oeik2nAiNGVKq63uZDnMkNcWMjCuBUSRDeIj6pGupQJyoMJ8+NIYnVunBJJW2hIZT9e9EjrhSIx7bTo70QC16E/E/r2t0chXmVGRGE4FnixLDoE7hJB3Yo5JgzUaWICypvRXiAZIIa5thxYbgL768TFrnNd+r+XcX1fp1EUcZHIFjcAZ8cAnq4BY0QBNg8ARewBt4d56dV+fD+Zy1lpxi5hDMwfn6BRhDndw=</latexit>

⌫̄µ ! ⌫̄e
<latexit sha1_base64="NHRCCaTj3xaZOJt9XUc808Ts1Lw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EoKblxWsA9oQphMJ+3QyUyYh1JCv8CNv+LGhSJuXbvzb5y2AbX1wIXDOfdy7z1xxqjSnvfllFZW19Y3ypuVre2d3T13/6CthJGYtLBgQnZjpAijnLQ01Yx0M0lQGjPSiUdXU79zR6Sigt/qcUbCFA04TShG2kqRWwtiJPOAm0kUpAYGkg6GGkkp7uGPQyK36tW9GeAy8QtSBQWakfsZ9AU2KeEaM6RUz/cyHeZIaooZmVQCo0iG8AgNSM9SjlKiwnz2zgTWrNKHiZC2uIYz9fdEjlKlxmlsO1Okh2rRm4r/eT2jk4swpzwzmnA8X5QYBrWA02xgn0qCNRtbgrCk9laIh0girG2CFRuCv/jyMmmf1n2v7t+cVRuXRRxlcASOwQnwwTlogGvQBC2AwQN4Ai/g1Xl0np03533eWnKKmUPwB87HN2ainO8=</latexit><latexit sha1_base64="NHRCCaTj3xaZOJt9XUc808Ts1Lw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EoKblxWsA9oQphMJ+3QyUyYh1JCv8CNv+LGhSJuXbvzb5y2AbX1wIXDOfdy7z1xxqjSnvfllFZW19Y3ypuVre2d3T13/6CthJGYtLBgQnZjpAijnLQ01Yx0M0lQGjPSiUdXU79zR6Sigt/qcUbCFA04TShG2kqRWwtiJPOAm0kUpAYGkg6GGkkp7uGPQyK36tW9GeAy8QtSBQWakfsZ9AU2KeEaM6RUz/cyHeZIaooZmVQCo0iG8AgNSM9SjlKiwnz2zgTWrNKHiZC2uIYz9fdEjlKlxmlsO1Okh2rRm4r/eT2jk4swpzwzmnA8X5QYBrWA02xgn0qCNRtbgrCk9laIh0girG2CFRuCv/jyMmmf1n2v7t+cVRuXRRxlcASOwQnwwTlogGvQBC2AwQN4Ai/g1Xl0np03533eWnKKmUPwB87HN2ainO8=</latexit><latexit sha1_base64="NHRCCaTj3xaZOJt9XUc808Ts1Lw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EoKblxWsA9oQphMJ+3QyUyYh1JCv8CNv+LGhSJuXbvzb5y2AbX1wIXDOfdy7z1xxqjSnvfllFZW19Y3ypuVre2d3T13/6CthJGYtLBgQnZjpAijnLQ01Yx0M0lQGjPSiUdXU79zR6Sigt/qcUbCFA04TShG2kqRWwtiJPOAm0kUpAYGkg6GGkkp7uGPQyK36tW9GeAy8QtSBQWakfsZ9AU2KeEaM6RUz/cyHeZIaooZmVQCo0iG8AgNSM9SjlKiwnz2zgTWrNKHiZC2uIYz9fdEjlKlxmlsO1Okh2rRm4r/eT2jk4swpzwzmnA8X5QYBrWA02xgn0qCNRtbgrCk9laIh0girG2CFRuCv/jyMmmf1n2v7t+cVRuXRRxlcASOwQnwwTlogGvQBC2AwQN4Ai/g1Xl0np03533eWnKKmUPwB87HN2ainO8=</latexit><latexit sha1_base64="NHRCCaTj3xaZOJt9XUc808Ts1Lw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EoKblxWsA9oQphMJ+3QyUyYh1JCv8CNv+LGhSJuXbvzb5y2AbX1wIXDOfdy7z1xxqjSnvfllFZW19Y3ypuVre2d3T13/6CthJGYtLBgQnZjpAijnLQ01Yx0M0lQGjPSiUdXU79zR6Sigt/qcUbCFA04TShG2kqRWwtiJPOAm0kUpAYGkg6GGkkp7uGPQyK36tW9GeAy8QtSBQWakfsZ9AU2KeEaM6RUz/cyHeZIaooZmVQCo0iG8AgNSM9SjlKiwnz2zgTWrNKHiZC2uIYz9fdEjlKlxmlsO1Okh2rRm4r/eT2jk4swpzwzmnA8X5QYBrWA02xgn0qCNRtbgrCk9laIh0girG2CFRuCv/jyMmmf1n2v7t+cVRuXRRxlcASOwQnwwTlogGvQBC2AwQN4Ai/g1Xl0np03533eWnKKmUPwB87HN2ainO8=</latexit>

We produced a simultaneous fit of 
neutrino and antineutrino data since it 
helps to resolve «octant         - hierarchy- 
-            » degeneracies in the oscillation 
probability.  
The plot on the right illustrates this 
ambiguity if one uses just one mode. 
It shows total                      and 
event counts. The black dot is the 2018 
result with errors.

✓23
<latexit sha1_base64="u48tJ4E56cBcKtWjPy+l8448nHU=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9CQFLx4r2A9IQ9lsJ+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUIhKcoZX8Ho4AWT+vX077lapbc+egq8QrSJUUaPYrX71BwrMYFHLJjPE9N8UgZxoFlzAt9zIDKeNjNgTfUsViMEE+P3lKz60yoFGibSmkc/X3RM5iYyZxaDtjhiOz7M3E/zw/w+gmyIVKMwTFF4uiTFJM6Ox/OhAaOMqJJYxrYW+lfMQ042hTKtsQvOWXV0m7XvPcmvdwVW3cFnGUyCk5IxfEI9ekQe5Jk7QIJwl5Jq/kzUHnxXl3Phata04xc0L+wPn8AQxnkRI=</latexit><latexit sha1_base64="u48tJ4E56cBcKtWjPy+l8448nHU=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9CQFLx4r2A9IQ9lsJ+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUIhKcoZX8Ho4AWT+vX077lapbc+egq8QrSJUUaPYrX71BwrMYFHLJjPE9N8UgZxoFlzAt9zIDKeNjNgTfUsViMEE+P3lKz60yoFGibSmkc/X3RM5iYyZxaDtjhiOz7M3E/zw/w+gmyIVKMwTFF4uiTFJM6Ox/OhAaOMqJJYxrYW+lfMQ042hTKtsQvOWXV0m7XvPcmvdwVW3cFnGUyCk5IxfEI9ekQe5Jk7QIJwl5Jq/kzUHnxXl3Phata04xc0L+wPn8AQxnkRI=</latexit><latexit sha1_base64="u48tJ4E56cBcKtWjPy+l8448nHU=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9CQFLx4r2A9IQ9lsJ+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUIhKcoZX8Ho4AWT+vX077lapbc+egq8QrSJUUaPYrX71BwrMYFHLJjPE9N8UgZxoFlzAt9zIDKeNjNgTfUsViMEE+P3lKz60yoFGibSmkc/X3RM5iYyZxaDtjhiOz7M3E/zw/w+gmyIVKMwTFF4uiTFJM6Ox/OhAaOMqJJYxrYW+lfMQ042hTKtsQvOWXV0m7XvPcmvdwVW3cFnGUyCk5IxfEI9ekQe5Jk7QIJwl5Jq/kzUHnxXl3Phata04xc0L+wPn8AQxnkRI=</latexit><latexit sha1_base64="u48tJ4E56cBcKtWjPy+l8448nHU=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9CQFLx4r2A9IQ9lsJ+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUIhKcoZX8Ho4AWT+vX077lapbc+egq8QrSJUUaPYrX71BwrMYFHLJjPE9N8UgZxoFlzAt9zIDKeNjNgTfUsViMEE+P3lKz60yoFGibSmkc/X3RM5iYyZxaDtjhiOz7M3E/zw/w+gmyIVKMwTFF4uiTFJM6Ox/OhAaOMqJJYxrYW+lfMQ042hTKtsQvOWXV0m7XvPcmvdwVW3cFnGUyCk5IxfEI9ekQe5Jk7QIJwl5Jq/kzUHnxXl3Phata04xc0L+wPn8AQxnkRI=</latexit>

�CP
<latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit>
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⌫̄µ ! ⌫̄e
<latexit sha1_base64="NHRCCaTj3xaZOJt9XUc808Ts1Lw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EoKblxWsA9oQphMJ+3QyUyYh1JCv8CNv+LGhSJuXbvzb5y2AbX1wIXDOfdy7z1xxqjSnvfllFZW19Y3ypuVre2d3T13/6CthJGYtLBgQnZjpAijnLQ01Yx0M0lQGjPSiUdXU79zR6Sigt/qcUbCFA04TShG2kqRWwtiJPOAm0kUpAYGkg6GGkkp7uGPQyK36tW9GeAy8QtSBQWakfsZ9AU2KeEaM6RUz/cyHeZIaooZmVQCo0iG8AgNSM9SjlKiwnz2zgTWrNKHiZC2uIYz9fdEjlKlxmlsO1Okh2rRm4r/eT2jk4swpzwzmnA8X5QYBrWA02xgn0qCNRtbgrCk9laIh0girG2CFRuCv/jyMmmf1n2v7t+cVRuXRRxlcASOwQnwwTlogGvQBC2AwQN4Ai/g1Xl0np03533eWnKKmUPwB87HN2ainO8=</latexit><latexit sha1_base64="NHRCCaTj3xaZOJt9XUc808Ts1Lw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EoKblxWsA9oQphMJ+3QyUyYh1JCv8CNv+LGhSJuXbvzb5y2AbX1wIXDOfdy7z1xxqjSnvfllFZW19Y3ypuVre2d3T13/6CthJGYtLBgQnZjpAijnLQ01Yx0M0lQGjPSiUdXU79zR6Sigt/qcUbCFA04TShG2kqRWwtiJPOAm0kUpAYGkg6GGkkp7uGPQyK36tW9GeAy8QtSBQWakfsZ9AU2KeEaM6RUz/cyHeZIaooZmVQCo0iG8AgNSM9SjlKiwnz2zgTWrNKHiZC2uIYz9fdEjlKlxmlsO1Okh2rRm4r/eT2jk4swpzwzmnA8X5QYBrWA02xgn0qCNRtbgrCk9laIh0girG2CFRuCv/jyMmmf1n2v7t+cVRuXRRxlcASOwQnwwTlogGvQBC2AwQN4Ai/g1Xl0np03533eWnKKmUPwB87HN2ainO8=</latexit><latexit sha1_base64="NHRCCaTj3xaZOJt9XUc808Ts1Lw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EoKblxWsA9oQphMJ+3QyUyYh1JCv8CNv+LGhSJuXbvzb5y2AbX1wIXDOfdy7z1xxqjSnvfllFZW19Y3ypuVre2d3T13/6CthJGYtLBgQnZjpAijnLQ01Yx0M0lQGjPSiUdXU79zR6Sigt/qcUbCFA04TShG2kqRWwtiJPOAm0kUpAYGkg6GGkkp7uGPQyK36tW9GeAy8QtSBQWakfsZ9AU2KeEaM6RUz/cyHeZIaooZmVQCo0iG8AgNSM9SjlKiwnz2zgTWrNKHiZC2uIYz9fdEjlKlxmlsO1Okh2rRm4r/eT2jk4swpzwzmnA8X5QYBrWA02xgn0qCNRtbgrCk9laIh0girG2CFRuCv/jyMmmf1n2v7t+cVRuXRRxlcASOwQnwwTlogGvQBC2AwQN4Ai/g1Xl0np03533eWnKKmUPwB87HN2ainO8=</latexit><latexit sha1_base64="NHRCCaTj3xaZOJt9XUc808Ts1Lw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EoKblxWsA9oQphMJ+3QyUyYh1JCv8CNv+LGhSJuXbvzb5y2AbX1wIXDOfdy7z1xxqjSnvfllFZW19Y3ypuVre2d3T13/6CthJGYtLBgQnZjpAijnLQ01Yx0M0lQGjPSiUdXU79zR6Sigt/qcUbCFA04TShG2kqRWwtiJPOAm0kUpAYGkg6GGkkp7uGPQyK36tW9GeAy8QtSBQWakfsZ9AU2KeEaM6RUz/cyHeZIaooZmVQCo0iG8AgNSM9SjlKiwnz2zgTWrNKHiZC2uIYz9fdEjlKlxmlsO1Okh2rRm4r/eT2jk4swpzwzmnA8X5QYBrWA02xgn0qCNRtbgrCk9laIh0girG2CFRuCv/jyMmmf1n2v7t+cVRuXRRxlcASOwQnwwTlogGvQBC2AwQN4Ai/g1Xl0np03533eWnKKmUPwB87HN2ainO8=</latexit>

⌫µ ! ⌫µ
<latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="XDR/DoRVGi/kEl9aRomWW7E2Amo=">AAAB+XicbZBLSwMxFIXv+Ky16ui2m2ARXJUZN7oU3LisYB/QGUomzbSheQxJRilDF278K25cKOIfcee/MW1noa0HAh/nJNzck2ScGRsE397G5tb2zm5lr7pfOzg88o9rHaNyTWibKK50L8GGciZp2zLLaS/TFIuE024yuZnn3QeqDVPy3k4zGgs8kixlBFtnDfx6JPNBJHIUaTYaW6y1ekSlN/AbQTNYCK1DWEIDSrUG/lc0VCQXVFrCsTH9MMhsXGBtGeF0Vo1yQzNMJnhE+w4lFtTExWKJGTpzzhClSrsjLVq4v18UWBgzFYm7KbAdm9Vsbv6X9XObXsUFk1luqSTLQWnOkVVo3ggaMk2J5VMHmGjm/orIGGtMrOut6koIV1deh85FMwya4V0AFajDKZxDCJdwDbfQgjYQeIIXeIN379l79T6WdW14ZW8n8Efe5w9+zJbn</latexit><latexit sha1_base64="XDR/DoRVGi/kEl9aRomWW7E2Amo=">AAAB+XicbZBLSwMxFIXv+Ky16ui2m2ARXJUZN7oU3LisYB/QGUomzbSheQxJRilDF278K25cKOIfcee/MW1noa0HAh/nJNzck2ScGRsE397G5tb2zm5lr7pfOzg88o9rHaNyTWibKK50L8GGciZp2zLLaS/TFIuE024yuZnn3QeqDVPy3k4zGgs8kixlBFtnDfx6JPNBJHIUaTYaW6y1ekSlN/AbQTNYCK1DWEIDSrUG/lc0VCQXVFrCsTH9MMhsXGBtGeF0Vo1yQzNMJnhE+w4lFtTExWKJGTpzzhClSrsjLVq4v18UWBgzFYm7KbAdm9Vsbv6X9XObXsUFk1luqSTLQWnOkVVo3ggaMk2J5VMHmGjm/orIGGtMrOut6koIV1deh85FMwya4V0AFajDKZxDCJdwDbfQgjYQeIIXeIN379l79T6WdW14ZW8n8Efe5w9+zJbn</latexit><latexit sha1_base64="zp7ElVxOj4Y8EH6JGQaaQfeb0do=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXZttJKAjWUE84BsWGYns8mQeSzzUMKSwsZfsbFQxNaPsPNvnCRbaOKBC4dz7uXee5KMUW2C4Nsrra1vbG6Vtys7u3v7B/7hUVtLqzBpYcmk6iZIE0YFaRlqGOlmiiCeMNJJxtczv3NPlKZS3JlJRvocDQVNKUbGSbFfjYSNI25hpOhwZJBS8gEWWuzXgnowB1wlYUFqoEAz9r+igcSWE2EwQ1r3wiAz/RwpQzEj00pkNckQHqMh6TkqECe6n8+fmMJTpwxgKpUrYeBc/T2RI671hCeukyMz0sveTPzP61mTXvZzKjJriMCLRall0Eg4SwQOqCLYsIkjCCvqboV4hBTCxuVWcSGEyy+vkvZ5PQzq4W1Qa1wVcZRBFZyAMxCCC9AAN6AJWgCDR/AMXsGb9+S9eO/ex6K15BUzx+APvM8fCOOYTg==</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit>

⌫µ ! ⌫e
<latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit><latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit><latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit><latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit>

We minimised  the Poisson log-likelihood function summed over all bins N and all 
systematic uncertainties S:  
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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The exclusion significance at which each value of             is 
disfavoured in NH and IH, UO and LO (            slice) is 
shown on the right plot.

�CP
<latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit>

�CP
<latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit>

The largest systematics for the  2018 best fit are shown 
on the bottom plot. 

The 1, 2, and 3     contours  in                                         in the 
NH and IH.

�
<latexit sha1_base64="jBaBez8XsA2I7R8qDwteLSPmP2E=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CQBLx4jmAckS5id9CZDZmaXmVkhhHyEFw+KePV7vPk3ziZ70MSChqKqm+6uKBXcWN//9tbWNza3tks75d29/YPDytFxyySZZthkiUh0J6IGBVfYtNwK7KQaqYwEtqPxXe63n1AbnqhHO0kxlHSoeMwZtU5q9wwfSlruV6p+zZ+DrJKgIFUo0OhXvnqDhGUSlWWCGtMN/NSGU6otZwJn5V5mMKVsTIfYdVRRiSaczs+dkXOnDEicaFfKkrn6e2JKpTETGblOSe3ILHu5+J/XzWx8E065SjOLii0WxZkgNiH572TANTIrJo5Qprm7lbAR1ZRZl1AeQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH0a6PMw==</latexit><latexit sha1_base64="jBaBez8XsA2I7R8qDwteLSPmP2E=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CQBLx4jmAckS5id9CZDZmaXmVkhhHyEFw+KePV7vPk3ziZ70MSChqKqm+6uKBXcWN//9tbWNza3tks75d29/YPDytFxyySZZthkiUh0J6IGBVfYtNwK7KQaqYwEtqPxXe63n1AbnqhHO0kxlHSoeMwZtU5q9wwfSlruV6p+zZ+DrJKgIFUo0OhXvnqDhGUSlWWCGtMN/NSGU6otZwJn5V5mMKVsTIfYdVRRiSaczs+dkXOnDEicaFfKkrn6e2JKpTETGblOSe3ILHu5+J/XzWx8E065SjOLii0WxZkgNiH572TANTIrJo5Qprm7lbAR1ZRZl1AeQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH0a6PMw==</latexit><latexit sha1_base64="jBaBez8XsA2I7R8qDwteLSPmP2E=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CQBLx4jmAckS5id9CZDZmaXmVkhhHyEFw+KePV7vPk3ziZ70MSChqKqm+6uKBXcWN//9tbWNza3tks75d29/YPDytFxyySZZthkiUh0J6IGBVfYtNwK7KQaqYwEtqPxXe63n1AbnqhHO0kxlHSoeMwZtU5q9wwfSlruV6p+zZ+DrJKgIFUo0OhXvnqDhGUSlWWCGtMN/NSGU6otZwJn5V5mMKVsTIfYdVRRiSaczs+dkXOnDEicaFfKkrn6e2JKpTETGblOSe3ILHu5+J/XzWx8E065SjOLii0WxZkgNiH572TANTIrJo5Qprm7lbAR1ZRZl1AeQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH0a6PMw==</latexit><latexit sha1_base64="jBaBez8XsA2I7R8qDwteLSPmP2E=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CQBLx4jmAckS5id9CZDZmaXmVkhhHyEFw+KePV7vPk3ziZ70MSChqKqm+6uKBXcWN//9tbWNza3tks75d29/YPDytFxyySZZthkiUh0J6IGBVfYtNwK7KQaqYwEtqPxXe63n1AbnqhHO0kxlHSoeMwZtU5q9wwfSlruV6p+zZ+DrJKgIFUo0OhXvnqDhGUSlWWCGtMN/NSGU6otZwJn5V5mMKVsTIfYdVRRiSaczs+dkXOnDEicaFfKkrn6e2JKpTETGblOSe3ILHu5+J/XzWx8E065SjOLii0WxZkgNiH572TANTIrJo5Qprm7lbAR1ZRZl1AeQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH0a6PMw==</latexit> sin2 ✓23 vs. �CP

<latexit sha1_base64="xdyv/+zhO7b6O6HqkXRZgOKQWUA=">AAACEHicbVA9SwNBEN3zM8avqKXNYhCtwl0UtJJAGssI5gNyMextJmZxb+/YnQuEIz/Bxr9iY6GIraWd/8a9JIUmPpjh8d4Mu/OCWAqDrvvtLC2vrK6t5zbym1vbO7uFvf2GiRLNoc4jGelWwAxIoaCOAiW0Yg0sDCQ0g4dq5jeHoI2I1C2OYuiE7F6JvuAMrdQtnPhGqLsy9XEAyLpp+WxMfTo0Jdv9HshMq9bG+W6h6JbcCegi8WakSGaodQtffi/iSQgKuWTGtD03xk7KNAouYZz3EwMx4w/sHtqWKhaC6aSTg8b02Co92o+0LYV0ov7eSFlozCgM7GTIcGDmvUz8z2sn2L/spELFCYLi04f6iaQY0Swd2hMaOMqRJYxrYf9K+YBpxtFmmIXgzZ+8SBrlkueWvJvzYuVqFkeOHJIjcko8ckEq5JrUSJ1w8kieySt5c56cF+fd+ZiOLjmznQPyB87nDyKam1o=</latexit><latexit sha1_base64="xdyv/+zhO7b6O6HqkXRZgOKQWUA=">AAACEHicbVA9SwNBEN3zM8avqKXNYhCtwl0UtJJAGssI5gNyMextJmZxb+/YnQuEIz/Bxr9iY6GIraWd/8a9JIUmPpjh8d4Mu/OCWAqDrvvtLC2vrK6t5zbym1vbO7uFvf2GiRLNoc4jGelWwAxIoaCOAiW0Yg0sDCQ0g4dq5jeHoI2I1C2OYuiE7F6JvuAMrdQtnPhGqLsy9XEAyLpp+WxMfTo0Jdv9HshMq9bG+W6h6JbcCegi8WakSGaodQtffi/iSQgKuWTGtD03xk7KNAouYZz3EwMx4w/sHtqWKhaC6aSTg8b02Co92o+0LYV0ov7eSFlozCgM7GTIcGDmvUz8z2sn2L/spELFCYLi04f6iaQY0Swd2hMaOMqRJYxrYf9K+YBpxtFmmIXgzZ+8SBrlkueWvJvzYuVqFkeOHJIjcko8ckEq5JrUSJ1w8kieySt5c56cF+fd+ZiOLjmznQPyB87nDyKam1o=</latexit><latexit sha1_base64="xdyv/+zhO7b6O6HqkXRZgOKQWUA=">AAACEHicbVA9SwNBEN3zM8avqKXNYhCtwl0UtJJAGssI5gNyMextJmZxb+/YnQuEIz/Bxr9iY6GIraWd/8a9JIUmPpjh8d4Mu/OCWAqDrvvtLC2vrK6t5zbym1vbO7uFvf2GiRLNoc4jGelWwAxIoaCOAiW0Yg0sDCQ0g4dq5jeHoI2I1C2OYuiE7F6JvuAMrdQtnPhGqLsy9XEAyLpp+WxMfTo0Jdv9HshMq9bG+W6h6JbcCegi8WakSGaodQtffi/iSQgKuWTGtD03xk7KNAouYZz3EwMx4w/sHtqWKhaC6aSTg8b02Co92o+0LYV0ov7eSFlozCgM7GTIcGDmvUz8z2sn2L/spELFCYLi04f6iaQY0Swd2hMaOMqRJYxrYf9K+YBpxtFmmIXgzZ+8SBrlkueWvJvzYuVqFkeOHJIjcko8ckEq5JrUSJ1w8kieySt5c56cF+fd+ZiOLjmznQPyB87nDyKam1o=</latexit><latexit sha1_base64="xdyv/+zhO7b6O6HqkXRZgOKQWUA=">AAACEHicbVA9SwNBEN3zM8avqKXNYhCtwl0UtJJAGssI5gNyMextJmZxb+/YnQuEIz/Bxr9iY6GIraWd/8a9JIUmPpjh8d4Mu/OCWAqDrvvtLC2vrK6t5zbym1vbO7uFvf2GiRLNoc4jGelWwAxIoaCOAiW0Yg0sDCQ0g4dq5jeHoI2I1C2OYuiE7F6JvuAMrdQtnPhGqLsy9XEAyLpp+WxMfTo0Jdv9HshMq9bG+W6h6JbcCegi8WakSGaodQtffi/iSQgKuWTGtD03xk7KNAouYZz3EwMx4w/sHtqWKhaC6aSTg8b02Co92o+0LYV0ov7eSFlozCgM7GTIcGDmvUz8z2sn2L/spELFCYLi04f6iaQY0Swd2hMaOMqRJYxrYf9K+YBpxtFmmIXgzZ+8SBrlkueWvJvzYuVqFkeOHJIjcko8ckEq5JrUSJ1w8kieySt5c56cF+fd+ZiOLjmznQPyB87nDyKam1o=</latexit>

�j
<latexit sha1_base64="lza6Pv/pZf3Hh9rl1UJZAo6ivcg=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CQBLx4jmAckS5id9CZjZmbXmVkhhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlApurO9/eyura+sbm4Wt4vbO7t5+6eCwYZJMM6yzRCS6FVGDgiusW24FtlKNVEYCm9HwZuo3n1Abnqh7O0oxlLSveMwZtU5qdQzvS9p96JbKfsWfgSyTICdlyFHrlr46vYRlEpVlghrTDvzUhmOqLWcCJ8VOZjClbEj72HZUUYkmHM/unZBTp/RInGhXypKZ+ntiTKUxIxm5TkntwCx6U/E/r53Z+Cocc5VmFhWbL4ozQWxCps+THtfIrBg5Qpnm7lbCBlRTZl1ERRdCsPjyMmmcVwK/EtxdlKvXeRwFOIYTOIMALqEKt1CDOjAQ8Ayv8OY9ei/eu/cxb13x8pkj+APv8wcbBI/8</latexit><latexit sha1_base64="lza6Pv/pZf3Hh9rl1UJZAo6ivcg=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CQBLx4jmAckS5id9CZjZmbXmVkhhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlApurO9/eyura+sbm4Wt4vbO7t5+6eCwYZJMM6yzRCS6FVGDgiusW24FtlKNVEYCm9HwZuo3n1Abnqh7O0oxlLSveMwZtU5qdQzvS9p96JbKfsWfgSyTICdlyFHrlr46vYRlEpVlghrTDvzUhmOqLWcCJ8VOZjClbEj72HZUUYkmHM/unZBTp/RInGhXypKZ+ntiTKUxIxm5TkntwCx6U/E/r53Z+Cocc5VmFhWbL4ozQWxCps+THtfIrBg5Qpnm7lbCBlRTZl1ERRdCsPjyMmmcVwK/EtxdlKvXeRwFOIYTOIMALqEKt1CDOjAQ8Ayv8OY9ei/eu/cxb13x8pkj+APv8wcbBI/8</latexit><latexit sha1_base64="lza6Pv/pZf3Hh9rl1UJZAo6ivcg=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CQBLx4jmAckS5id9CZjZmbXmVkhhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlApurO9/eyura+sbm4Wt4vbO7t5+6eCwYZJMM6yzRCS6FVGDgiusW24FtlKNVEYCm9HwZuo3n1Abnqh7O0oxlLSveMwZtU5qdQzvS9p96JbKfsWfgSyTICdlyFHrlr46vYRlEpVlghrTDvzUhmOqLWcCJ8VOZjClbEj72HZUUYkmHM/unZBTp/RInGhXypKZ+ntiTKUxIxm5TkntwCx6U/E/r53Z+Cocc5VmFhWbL4ozQWxCps+THtfIrBg5Qpnm7lbCBlRTZl1ERRdCsPjyMmmcVwK/EtxdlKvXeRwFOIYTOIMALqEKt1CDOjAQ8Ayv8OY9ei/eu/cxb13x8pkj+APv8wcbBI/8</latexit><latexit sha1_base64="lza6Pv/pZf3Hh9rl1UJZAo6ivcg=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CQBLx4jmAckS5id9CZjZmbXmVkhhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlApurO9/eyura+sbm4Wt4vbO7t5+6eCwYZJMM6yzRCS6FVGDgiusW24FtlKNVEYCm9HwZuo3n1Abnqh7O0oxlLSveMwZtU5qdQzvS9p96JbKfsWfgSyTICdlyFHrlr46vYRlEpVlghrTDvzUhmOqLWcCJ8VOZjClbEj72HZUUYkmHM/unZBTp/RInGhXypKZ+ntiTKUxIxm5TkntwCx6U/E/r53Z+Cocc5VmFhWbL4ozQWxCps+THtfIrBg5Qpnm7lbCBlRTZl1ERRdCsPjyMmmcVwK/EtxdlKvXeRwFOIYTOIMALqEKt1CDOjAQ8Ayv8OY9ei/eu/cxb13x8pkj+APv8wcbBI/8</latexit>

where: 
✴          is an observed number of events in the bin    , 
✴          is a predicted number of events in the bin    , 
✴  vector 𝜃 stands for all oscillation parameters, vector 𝛿 means all systematic nuisance 

parameters,  
✴  in the second pull term, the           is a fitted value of systematic j and        is its error.  

Oi
<latexit sha1_base64="5SwsPmtxmMy+OcJyXF88QmIp2Vw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePFmRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPdz1eb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWRdVzq979ZaV+ncdRhBM4hXPwoAZ1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8g5o2r</latexit><latexit sha1_base64="5SwsPmtxmMy+OcJyXF88QmIp2Vw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePFmRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPdz1eb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWRdVzq979ZaV+ncdRhBM4hXPwoAZ1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8g5o2r</latexit><latexit sha1_base64="5SwsPmtxmMy+OcJyXF88QmIp2Vw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePFmRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPdz1eb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWRdVzq979ZaV+ncdRhBM4hXPwoAZ1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8g5o2r</latexit><latexit sha1_base64="5SwsPmtxmMy+OcJyXF88QmIp2Vw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePFmRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPdz1eb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWRdVzq979ZaV+ncdRhBM4hXPwoAZ1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8g5o2r</latexit>
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<latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="pUY6JbGhJqX+lJ3/SU+7ut46Xr4=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5qykH1Zpf9xdimxCsoAYrNQbVr/4wFXmCmoTi1vYCP6Ow4IakUDgr93OLGRcTPsKeQ80TtGGxGHTGLp0zZHFq3NHEFu7vFwVPrJ0mkbuZcBrb9Wxu/pf1copvw0LqLCfUYvlRnCtGKZtvzYbSoCA1dcCFkW5WJsbccEGum7IrIVhfeRPa1/XArwdNH0pwDhdwBQHcwB08QANaIADhBd7g3XvyXr2PZV1b3qq3M/gj7/MHu3yLmg==</latexit><latexit sha1_base64="pUY6JbGhJqX+lJ3/SU+7ut46Xr4=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5qykH1Zpf9xdimxCsoAYrNQbVr/4wFXmCmoTi1vYCP6Ow4IakUDgr93OLGRcTPsKeQ80TtGGxGHTGLp0zZHFq3NHEFu7vFwVPrJ0mkbuZcBrb9Wxu/pf1copvw0LqLCfUYvlRnCtGKZtvzYbSoCA1dcCFkW5WJsbccEGum7IrIVhfeRPa1/XArwdNH0pwDhdwBQHcwB08QANaIADhBd7g3XvyXr2PZV1b3qq3M/gj7/MHu3yLmg==</latexit><latexit sha1_base64="d+iweVYnJ3EJrHZiPjkuXkfSB2o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86EkKXjy2YNpCG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmhang2rjut1Pa2Nza3invVvb2Dw6PqscnbZ1kiqHPEpGobkg1Ci7RN9wI7KYKaRwK7ISTu7nfeUKleSIfzDTFIKYjySPOqLFSiw+qNbfuLkDWiVeQGhRoDqpf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXh87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FNkHOZZgYlWy6KMkFMQuZfkyFXyIyYWkKZ4vZWwsZUUWZsNhUbgrf68jppX9U9t+613FrjtoijDGdwDpfgwTU04B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/NCYzl</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit>
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<latexit sha1_base64="n9Ul5pA0tv6lT3ezY4YoLPg5Yx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePEkFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Gbmt59QaR7LRzNJ0I/oUPKQM2qs9HDX5/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XPrXr3l5X6dR5HEU7gFM7BgxrU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8fYI2q</latexit><latexit sha1_base64="n9Ul5pA0tv6lT3ezY4YoLPg5Yx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePEkFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Gbmt59QaR7LRzNJ0I/oUPKQM2qs9HDX5/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XPrXr3l5X6dR5HEU7gFM7BgxrU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8fYI2q</latexit><latexit sha1_base64="n9Ul5pA0tv6lT3ezY4YoLPg5Yx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePEkFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Gbmt59QaR7LRzNJ0I/oUPKQM2qs9HDX5/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XPrXr3l5X6dR5HEU7gFM7BgxrU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8fYI2q</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5H2UKpVgcoI2BLE1bgNZ560Ulu0=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScONKKtpaaIeSSe+0oZnMkNwRytBHcONCEd/KnW9j+rPQ1gOBj3MScu+JMiUt+f63V9rY3NreKe9W9qr7B4e1o2rbprkR2BKpSk0n4haV1NgiSQo7mUGeRAqfovHNLH96RmNlqh9pkmGY8KGWsRScnPVw15f9Wt1v+HOxdQiWUIelmv3aV2+QijxBTUJxa7uBn1FYcENSKJxWernFjIsxH2LXoeYJ2rCYjzplZ84ZsDg17mhic/f3i4In1k6SyN1MOI3sajYz/8u6OcVXYSF1lhNqsfgozhWjlM32ZgNpUJCaOODCSDcrEyNuuCDXTsWVEKyuvA7ti0bgN4J7H8pwAqdwDgFcwjXcQhNaIGAIL/AG757yXr2PRV0lb9nbMfyR9/kDBKSMWQ==</latexit><latexit sha1_base64="5H2UKpVgcoI2BLE1bgNZ560Ulu0=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScONKKtpaaIeSSe+0oZnMkNwRytBHcONCEd/KnW9j+rPQ1gOBj3MScu+JMiUt+f63V9rY3NreKe9W9qr7B4e1o2rbprkR2BKpSk0n4haV1NgiSQo7mUGeRAqfovHNLH96RmNlqh9pkmGY8KGWsRScnPVw15f9Wt1v+HOxdQiWUIelmv3aV2+QijxBTUJxa7uBn1FYcENSKJxWernFjIsxH2LXoeYJ2rCYjzplZ84ZsDg17mhic/f3i4In1k6SyN1MOI3sajYz/8u6OcVXYSF1lhNqsfgozhWjlM32ZgNpUJCaOODCSDcrEyNuuCDXTsWVEKyuvA7ti0bgN4J7H8pwAqdwDgFcwjXcQhNaIGAIL/AG757yXr2PRV0lb9nbMfyR9/kDBKSMWQ==</latexit><latexit sha1_base64="xHTojP2W58o/vuKRMyc9I6/ItWQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0m86EkKXjxJRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6ZSGPS8b6e0tr6xuVXeruzs7u0fuIdHLZNkmvEmS2SiOyE1XArFmyhQ8k6qOY1Dydvh+Gbmt5+4NiJRjzhJeRDToRKRYBSt9HDXF3236tW8Ocgq8QtShQKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F1LFY25CfL5qVNyZpUBiRJtSyGZq78nchobM4lD2xlTHJllbyb+53UzjK6CXKg0Q67YYlGUSYIJmf1NBkJzhnJiCWVa2FsJG1FNGdp0KjYEf/nlVdK6qPlezb/3qvXrIo4ynMApnIMPl1CHW2hAExgM4Rle4c2Rzovz7nwsWktOMXMMf+B8/gAeII2m</latexit><latexit sha1_base64="n9Ul5pA0tv6lT3ezY4YoLPg5Yx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePEkFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Gbmt59QaR7LRzNJ0I/oUPKQM2qs9HDX5/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XPrXr3l5X6dR5HEU7gFM7BgxrU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8fYI2q</latexit><latexit sha1_base64="n9Ul5pA0tv6lT3ezY4YoLPg5Yx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePEkFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Gbmt59QaR7LRzNJ0I/oUPKQM2qs9HDX5/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XPrXr3l5X6dR5HEU7gFM7BgxrU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8fYI2q</latexit><latexit sha1_base64="n9Ul5pA0tv6lT3ezY4YoLPg5Yx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePEkFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Gbmt59QaR7LRzNJ0I/oUPKQM2qs9HDX5/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XPrXr3l5X6dR5HEU7gFM7BgxrU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8fYI2q</latexit><latexit sha1_base64="n9Ul5pA0tv6lT3ezY4YoLPg5Yx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePEkFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Gbmt59QaR7LRzNJ0I/oUPKQM2qs9HDX5/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XPrXr3l5X6dR5HEU7gFM7BgxrU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8fYI2q</latexit><latexit sha1_base64="n9Ul5pA0tv6lT3ezY4YoLPg5Yx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePEkFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Gbmt59QaR7LRzNJ0I/oUPKQM2qs9HDX5/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XPrXr3l5X6dR5HEU7gFM7BgxrU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8fYI2q</latexit><latexit sha1_base64="n9Ul5pA0tv6lT3ezY4YoLPg5Yx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePEkFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Gbmt59QaR7LRzNJ0I/oUPKQM2qs9HDX5/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XPrXr3l5X6dR5HEU7gFM7BgxrU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8fYI2q</latexit>

i
<latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="pUY6JbGhJqX+lJ3/SU+7ut46Xr4=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5qykH1Zpf9xdimxCsoAYrNQbVr/4wFXmCmoTi1vYCP6Ow4IakUDgr93OLGRcTPsKeQ80TtGGxGHTGLp0zZHFq3NHEFu7vFwVPrJ0mkbuZcBrb9Wxu/pf1copvw0LqLCfUYvlRnCtGKZtvzYbSoCA1dcCFkW5WJsbccEGum7IrIVhfeRPa1/XArwdNH0pwDhdwBQHcwB08QANaIADhBd7g3XvyXr2PZV1b3qq3M/gj7/MHu3yLmg==</latexit><latexit sha1_base64="pUY6JbGhJqX+lJ3/SU+7ut46Xr4=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5qykH1Zpf9xdimxCsoAYrNQbVr/4wFXmCmoTi1vYCP6Ow4IakUDgr93OLGRcTPsKeQ80TtGGxGHTGLp0zZHFq3NHEFu7vFwVPrJ0mkbuZcBrb9Wxu/pf1copvw0LqLCfUYvlRnCtGKZtvzYbSoCA1dcCFkW5WJsbccEGum7IrIVhfeRPa1/XArwdNH0pwDhdwBQHcwB08QANaIADhBd7g3XvyXr2PZV1b3qq3M/gj7/MHu3yLmg==</latexit><latexit sha1_base64="d+iweVYnJ3EJrHZiPjkuXkfSB2o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86EkKXjy2YNpCG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmhang2rjut1Pa2Nza3invVvb2Dw6PqscnbZ1kiqHPEpGobkg1Ci7RN9wI7KYKaRwK7ISTu7nfeUKleSIfzDTFIKYjySPOqLFSiw+qNbfuLkDWiVeQGhRoDqpf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXh87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FNkHOZZgYlWy6KMkFMQuZfkyFXyIyYWkKZ4vZWwsZUUWZsNhUbgrf68jppX9U9t+613FrjtoijDGdwDpfgwTU04B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/NCYzl</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit><latexit sha1_base64="n5lYO2mmb66gimvVNbmk/fCCBYE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnxQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzkmM6Q==</latexit>

�j
<latexit sha1_base64="/bbqNthnYzHfbcPuh6tNf0l65W4=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokIepKCF48V7Ae0oWw2k3btZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/nZXVtfWNzdJWeXtnd2+/cnDYMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6mfrtJ9BGJOoexyn4MRsoEQnO0EqdXggSWf+hX6m6NXcGuky8glRJgUa/8tULE57FoJBLZkzXc1P0c6ZRcAmTci8zkDI+YgPoWqpYDMbPZ/dO6KlVQhol2pZCOlN/T+QsNmYcB7YzZjg0i95U/M/rZhhd+blQaYag+HxRlEmKCZ0+T0OhgaMcW8K4FvZWyodMM442orINwVt8eZm0zmueW/PuLqr16yKOEjkmJ+SMeOSS1MktaZAm4USSZ/JK3pxH58V5dz7mrStOMXNE/sD5/AEQI4/1</latexit><latexit sha1_base64="/bbqNthnYzHfbcPuh6tNf0l65W4=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokIepKCF48V7Ae0oWw2k3btZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/nZXVtfWNzdJWeXtnd2+/cnDYMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6mfrtJ9BGJOoexyn4MRsoEQnO0EqdXggSWf+hX6m6NXcGuky8glRJgUa/8tULE57FoJBLZkzXc1P0c6ZRcAmTci8zkDI+YgPoWqpYDMbPZ/dO6KlVQhol2pZCOlN/T+QsNmYcB7YzZjg0i95U/M/rZhhd+blQaYag+HxRlEmKCZ0+T0OhgaMcW8K4FvZWyodMM442orINwVt8eZm0zmueW/PuLqr16yKOEjkmJ+SMeOSS1MktaZAm4USSZ/JK3pxH58V5dz7mrStOMXNE/sD5/AEQI4/1</latexit><latexit sha1_base64="/bbqNthnYzHfbcPuh6tNf0l65W4=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokIepKCF48V7Ae0oWw2k3btZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/nZXVtfWNzdJWeXtnd2+/cnDYMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6mfrtJ9BGJOoexyn4MRsoEQnO0EqdXggSWf+hX6m6NXcGuky8glRJgUa/8tULE57FoJBLZkzXc1P0c6ZRcAmTci8zkDI+YgPoWqpYDMbPZ/dO6KlVQhol2pZCOlN/T+QsNmYcB7YzZjg0i95U/M/rZhhd+blQaYag+HxRlEmKCZ0+T0OhgaMcW8K4FvZWyodMM442orINwVt8eZm0zmueW/PuLqr16yKOEjkmJ+SMeOSS1MktaZAm4USSZ/JK3pxH58V5dz7mrStOMXNE/sD5/AEQI4/1</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Z+L/ilj5Rn+dHSyVS0JoO+9Y8Q0=">AAAB5HicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy4r2Ae0pWQyd9rYTGZM7ghl6J9w40IRf5M7/43pY6GtBwIf5yTk3hNmSlry/W9vY3Nre2e3tFferxwcHlWPKy2b5kZgU6QqNZ2QW1RSY5MkKexkBnkSKmyH49tZ3n5GY2WqH2iSYT/hQy1jKTg5q9OLUBEfPA6qNb/uz8XWIVhCDZZqDKpfvSgVeYKahOLWdgM/o37BDUmhcFru5RYzLsZ8iF2Hmido+8V83ik7d07E4tS4o4nN3d8vCp5YO0lCdzPhNLKr2cz8L+vmFF/3C6mznFCLxUdxrhilbLY8i6RBQWrigAsj3axMjLjhglxFZVdCsLryOrQu64FfD+59KMEpnMEFBHAFN3AHDWiCAAUv8Abv3pP36n0s6trwlr2dwB95nz/dBY6f</latexit><latexit sha1_base64="Z+L/ilj5Rn+dHSyVS0JoO+9Y8Q0=">AAAB5HicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy4r2Ae0pWQyd9rYTGZM7ghl6J9w40IRf5M7/43pY6GtBwIf5yTk3hNmSlry/W9vY3Nre2e3tFferxwcHlWPKy2b5kZgU6QqNZ2QW1RSY5MkKexkBnkSKmyH49tZ3n5GY2WqH2iSYT/hQy1jKTg5q9OLUBEfPA6qNb/uz8XWIVhCDZZqDKpfvSgVeYKahOLWdgM/o37BDUmhcFru5RYzLsZ8iF2Hmido+8V83ik7d07E4tS4o4nN3d8vCp5YO0lCdzPhNLKr2cz8L+vmFF/3C6mznFCLxUdxrhilbLY8i6RBQWrigAsj3axMjLjhglxFZVdCsLryOrQu64FfD+59KMEpnMEFBHAFN3AHDWiCAAUv8Abv3pP36n0s6trwlr2dwB95nz/dBY6f</latexit><latexit sha1_base64="15I0jWRIjzQhkOWFrTvijzsUSj4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0m86EkKXjxWsB/QhrLZTNq1m03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkpr6xubW+Xtys7u3v5B9fCobZJMc2jxRCa6GzADUihooUAJ3VQDiwMJnWB8M/M7T6CNSNQ9TlLwYzZUIhKcoZW6/RAkssHDoFpz6+4cdJV4BamRAs1B9asfJjyLQSGXzJie56bo50yj4BKmlX5mIGV8zIbQs1SxGIyfz++d0jOrhDRKtC2FdK7+nshZbMwkDmxnzHBklr2Z+J/XyzC68nOh0gxB8cWiKJMUEzp7noZCA0c5sYRxLeytlI+YZhxtRBUbgrf88ippX9Q9t+7dubXGdRFHmZyQU3JOPHJJGuSWNEmLcCLJM3klb86j8+K8Ox+L1pJTzByTP3A+fwAO44/x</latexit><latexit sha1_base64="/bbqNthnYzHfbcPuh6tNf0l65W4=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokIepKCF48V7Ae0oWw2k3btZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/nZXVtfWNzdJWeXtnd2+/cnDYMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6mfrtJ9BGJOoexyn4MRsoEQnO0EqdXggSWf+hX6m6NXcGuky8glRJgUa/8tULE57FoJBLZkzXc1P0c6ZRcAmTci8zkDI+YgPoWqpYDMbPZ/dO6KlVQhol2pZCOlN/T+QsNmYcB7YzZjg0i95U/M/rZhhd+blQaYag+HxRlEmKCZ0+T0OhgaMcW8K4FvZWyodMM442orINwVt8eZm0zmueW/PuLqr16yKOEjkmJ+SMeOSS1MktaZAm4USSZ/JK3pxH58V5dz7mrStOMXNE/sD5/AEQI4/1</latexit><latexit sha1_base64="/bbqNthnYzHfbcPuh6tNf0l65W4=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokIepKCF48V7Ae0oWw2k3btZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/nZXVtfWNzdJWeXtnd2+/cnDYMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6mfrtJ9BGJOoexyn4MRsoEQnO0EqdXggSWf+hX6m6NXcGuky8glRJgUa/8tULE57FoJBLZkzXc1P0c6ZRcAmTci8zkDI+YgPoWqpYDMbPZ/dO6KlVQhol2pZCOlN/T+QsNmYcB7YzZjg0i95U/M/rZhhd+blQaYag+HxRlEmKCZ0+T0OhgaMcW8K4FvZWyodMM442orINwVt8eZm0zmueW/PuLqr16yKOEjkmJ+SMeOSS1MktaZAm4USSZ/JK3pxH58V5dz7mrStOMXNE/sD5/AEQI4/1</latexit><latexit sha1_base64="/bbqNthnYzHfbcPuh6tNf0l65W4=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokIepKCF48V7Ae0oWw2k3btZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/nZXVtfWNzdJWeXtnd2+/cnDYMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6mfrtJ9BGJOoexyn4MRsoEQnO0EqdXggSWf+hX6m6NXcGuky8glRJgUa/8tULE57FoJBLZkzXc1P0c6ZRcAmTci8zkDI+YgPoWqpYDMbPZ/dO6KlVQhol2pZCOlN/T+QsNmYcB7YzZjg0i95U/M/rZhhd+blQaYag+HxRlEmKCZ0+T0OhgaMcW8K4FvZWyodMM442orINwVt8eZm0zmueW/PuLqr16yKOEjkmJ+SMeOSS1MktaZAm4USSZ/JK3pxH58V5dz7mrStOMXNE/sD5/AEQI4/1</latexit><latexit sha1_base64="/bbqNthnYzHfbcPuh6tNf0l65W4=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokIepKCF48V7Ae0oWw2k3btZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/nZXVtfWNzdJWeXtnd2+/cnDYMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6mfrtJ9BGJOoexyn4MRsoEQnO0EqdXggSWf+hX6m6NXcGuky8glRJgUa/8tULE57FoJBLZkzXc1P0c6ZRcAmTci8zkDI+YgPoWqpYDMbPZ/dO6KlVQhol2pZCOlN/T+QsNmYcB7YzZjg0i95U/M/rZhhd+blQaYag+HxRlEmKCZ0+T0OhgaMcW8K4FvZWyodMM442orINwVt8eZm0zmueW/PuLqr16yKOEjkmJ+SMeOSS1MktaZAm4USSZ/JK3pxH58V5dz7mrStOMXNE/sD5/AEQI4/1</latexit><latexit sha1_base64="/bbqNthnYzHfbcPuh6tNf0l65W4=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokIepKCF48V7Ae0oWw2k3btZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/nZXVtfWNzdJWeXtnd2+/cnDYMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6mfrtJ9BGJOoexyn4MRsoEQnO0EqdXggSWf+hX6m6NXcGuky8glRJgUa/8tULE57FoJBLZkzXc1P0c6ZRcAmTci8zkDI+YgPoWqpYDMbPZ/dO6KlVQhol2pZCOlN/T+QsNmYcB7YzZjg0i95U/M/rZhhd+blQaYag+HxRlEmKCZ0+T0OhgaMcW8K4FvZWyodMM442orINwVt8eZm0zmueW/PuLqr16yKOEjkmJ+SMeOSS1MktaZAm4USSZ/JK3pxH58V5dz7mrStOMXNE/sD5/AEQI4/1</latexit><latexit sha1_base64="/bbqNthnYzHfbcPuh6tNf0l65W4=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokIepKCF48V7Ae0oWw2k3btZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/nZXVtfWNzdJWeXtnd2+/cnDYMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6mfrtJ9BGJOoexyn4MRsoEQnO0EqdXggSWf+hX6m6NXcGuky8glRJgUa/8tULE57FoJBLZkzXc1P0c6ZRcAmTci8zkDI+YgPoWqpYDMbPZ/dO6KlVQhol2pZCOlN/T+QsNmYcB7YzZjg0i95U/M/rZhhd+blQaYag+HxRlEmKCZ0+T0OhgaMcW8K4FvZWyodMM442orINwVt8eZm0zmueW/PuLqr16yKOEjkmJ+SMeOSS1MktaZAm4USSZ/JK3pxH58V5dz7mrStOMXNE/sD5/AEQI4/1</latexit>

These              values are calculated for                      and                      spectra separately, for the 
final              the independent contributions are summed.  

⌫µ ! ⌫µ
<latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="XDR/DoRVGi/kEl9aRomWW7E2Amo=">AAAB+XicbZBLSwMxFIXv+Ky16ui2m2ARXJUZN7oU3LisYB/QGUomzbSheQxJRilDF278K25cKOIfcee/MW1noa0HAh/nJNzck2ScGRsE397G5tb2zm5lr7pfOzg88o9rHaNyTWibKK50L8GGciZp2zLLaS/TFIuE024yuZnn3QeqDVPy3k4zGgs8kixlBFtnDfx6JPNBJHIUaTYaW6y1ekSlN/AbQTNYCK1DWEIDSrUG/lc0VCQXVFrCsTH9MMhsXGBtGeF0Vo1yQzNMJnhE+w4lFtTExWKJGTpzzhClSrsjLVq4v18UWBgzFYm7KbAdm9Vsbv6X9XObXsUFk1luqSTLQWnOkVVo3ggaMk2J5VMHmGjm/orIGGtMrOut6koIV1deh85FMwya4V0AFajDKZxDCJdwDbfQgjYQeIIXeIN379l79T6WdW14ZW8n8Efe5w9+zJbn</latexit><latexit sha1_base64="XDR/DoRVGi/kEl9aRomWW7E2Amo=">AAAB+XicbZBLSwMxFIXv+Ky16ui2m2ARXJUZN7oU3LisYB/QGUomzbSheQxJRilDF278K25cKOIfcee/MW1noa0HAh/nJNzck2ScGRsE397G5tb2zm5lr7pfOzg88o9rHaNyTWibKK50L8GGciZp2zLLaS/TFIuE024yuZnn3QeqDVPy3k4zGgs8kixlBFtnDfx6JPNBJHIUaTYaW6y1ekSlN/AbQTNYCK1DWEIDSrUG/lc0VCQXVFrCsTH9MMhsXGBtGeF0Vo1yQzNMJnhE+w4lFtTExWKJGTpzzhClSrsjLVq4v18UWBgzFYm7KbAdm9Vsbv6X9XObXsUFk1luqSTLQWnOkVVo3ggaMk2J5VMHmGjm/orIGGtMrOut6koIV1deh85FMwya4V0AFajDKZxDCJdwDbfQgjYQeIIXeIN379l79T6WdW14ZW8n8Efe5w9+zJbn</latexit><latexit sha1_base64="zp7ElVxOj4Y8EH6JGQaaQfeb0do=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXZttJKAjWUE84BsWGYns8mQeSzzUMKSwsZfsbFQxNaPsPNvnCRbaOKBC4dz7uXee5KMUW2C4Nsrra1vbG6Vtys7u3v7B/7hUVtLqzBpYcmk6iZIE0YFaRlqGOlmiiCeMNJJxtczv3NPlKZS3JlJRvocDQVNKUbGSbFfjYSNI25hpOhwZJBS8gEWWuzXgnowB1wlYUFqoEAz9r+igcSWE2EwQ1r3wiAz/RwpQzEj00pkNckQHqMh6TkqECe6n8+fmMJTpwxgKpUrYeBc/T2RI671hCeukyMz0sveTPzP61mTXvZzKjJriMCLRall0Eg4SwQOqCLYsIkjCCvqboV4hBTCxuVWcSGEyy+vkvZ5PQzq4W1Qa1wVcZRBFZyAMxCCC9AAN6AJWgCDR/AMXsGb9+S9eO/ex6K15BUzx+APvM8fCOOYTg==</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit><latexit sha1_base64="OCbotvK9KXuoh5Azv2qMpVdQzi8=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4IWknAxjKCeUA2LLOT2WTIPJZ5KGFJYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPUnGqDZB8O2trK6tb2yWtsrbO7t7+/7BYUtLqzBpYsmk6iRIE0YFaRpqGOlkiiCeMNJORtdTv31PlKZS3JlxRnocDQRNKUbGSbFfiYSNI25hpOhgaJBS8gEWWuxXg1owA1wmYUGqoEAj9r+ivsSWE2EwQ1p3wyAzvRwpQzEjk3JkNckQHqEB6ToqECe6l8+emMATp/RhKpUrYeBM/T2RI671mCeukyMz1IveVPzP61qTXvZyKjJriMDzRall0Eg4TQT2qSLYsLEjCCvqboV4iBTCxuVWdiGEiy8vk9ZZLQxq4e15tX5VxFECFXAMTkEILkAd3IAGaAIMHsEzeAVv3pP34r17H/PWFa+YOQJ/4H3+AAojmFI=</latexit>

⌫µ ! ⌫e
<latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit><latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit><latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit><latexit sha1_base64="vKVj5sxLQQEybFB/pmeNlr7waK0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQVdScOOygm2FJoTJdNIOnZmEeSglFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1xxqjSnvftVJaWV1bXquu1jc2t7R13d6+jUiMxaeOUpfIuRoowKkhbU83IXSYJ4jEj3Xh0VfjdeyIVTcWtHmck5GggaEIx0laK3INAmCjgBgaSDoYaSZk+wEIjkVv3Gt4UcJH4JamDEq3I/Qr6KTacCI0ZUqrne5kOcyQ1xYxMaoFRJEN4hAakZ6lAnKgwn74wgcdW6cMklbaEhlP190SOuFJjHttOjvRQzXuF+J/XMzq5CHMqMqOJwLNFiWFQp7DIA/apJFizsSUIS2pvhXiIJMLaplazIfjzLy+SzmnD9xr+zVm9eVnGUQWH4AicAB+cgya4Bi3QBhg8gmfwCt6cJ+fFeXc+Zq0Vp5zZB3/gfP4AYtaXZQ==</latexit>

��2
<latexit sha1_base64="JcTAP1Q9z6EzSdrqFBSv127aPBE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQU8S0IPHCOYB2TXMTmaTIbMPZ3oDYcl3ePGgiFc/xpt/4yTZgyYWNBRV3XR3+YkUGm372yqsrW9sbhW3Szu7e/sH5cOjlo5TxXiTxTJWHZ9qLkXEmyhQ8k6iOA19ydv+6Gbmt8dcaRFHDzhJuBfSQSQCwSgayXNvuURKXDYUj7VeuWJX7TnIKnFyUoEcjV75y+3HLA15hExSrbuOnaCXUYWCST4tuanmCWUjOuBdQyMacu1l86On5MwofRLEylSEZK7+nshoqPUk9E1nSHGol72Z+J/XTTG48jIRJSnyiC0WBakkGJNZAqQvFGcoJ4ZQpoS5lbAhVZShyalkQnCWX14lrVrVsavO/UWlfp3HUYQTOIVzcOAS6nAHDWgCgyd4hld4s8bWi/VufSxaC1Y+cwx/YH3+AOGqkX4=</latexit><latexit sha1_base64="JcTAP1Q9z6EzSdrqFBSv127aPBE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQU8S0IPHCOYB2TXMTmaTIbMPZ3oDYcl3ePGgiFc/xpt/4yTZgyYWNBRV3XR3+YkUGm372yqsrW9sbhW3Szu7e/sH5cOjlo5TxXiTxTJWHZ9qLkXEmyhQ8k6iOA19ydv+6Gbmt8dcaRFHDzhJuBfSQSQCwSgayXNvuURKXDYUj7VeuWJX7TnIKnFyUoEcjV75y+3HLA15hExSrbuOnaCXUYWCST4tuanmCWUjOuBdQyMacu1l86On5MwofRLEylSEZK7+nshoqPUk9E1nSHGol72Z+J/XTTG48jIRJSnyiC0WBakkGJNZAqQvFGcoJ4ZQpoS5lbAhVZShyalkQnCWX14lrVrVsavO/UWlfp3HUYQTOIVzcOAS6nAHDWgCgyd4hld4s8bWi/VufSxaC1Y+cwx/YH3+AOGqkX4=</latexit><latexit sha1_base64="JcTAP1Q9z6EzSdrqFBSv127aPBE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQU8S0IPHCOYB2TXMTmaTIbMPZ3oDYcl3ePGgiFc/xpt/4yTZgyYWNBRV3XR3+YkUGm372yqsrW9sbhW3Szu7e/sH5cOjlo5TxXiTxTJWHZ9qLkXEmyhQ8k6iOA19ydv+6Gbmt8dcaRFHDzhJuBfSQSQCwSgayXNvuURKXDYUj7VeuWJX7TnIKnFyUoEcjV75y+3HLA15hExSrbuOnaCXUYWCST4tuanmCWUjOuBdQyMacu1l86On5MwofRLEylSEZK7+nshoqPUk9E1nSHGol72Z+J/XTTG48jIRJSnyiC0WBakkGJNZAqQvFGcoJ4ZQpoS5lbAhVZShyalkQnCWX14lrVrVsavO/UWlfp3HUYQTOIVzcOAS6nAHDWgCgyd4hld4s8bWi/VufSxaC1Y+cwx/YH3+AOGqkX4=</latexit><latexit sha1_base64="JcTAP1Q9z6EzSdrqFBSv127aPBE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQU8S0IPHCOYB2TXMTmaTIbMPZ3oDYcl3ePGgiFc/xpt/4yTZgyYWNBRV3XR3+YkUGm372yqsrW9sbhW3Szu7e/sH5cOjlo5TxXiTxTJWHZ9qLkXEmyhQ8k6iOA19ydv+6Gbmt8dcaRFHDzhJuBfSQSQCwSgayXNvuURKXDYUj7VeuWJX7TnIKnFyUoEcjV75y+3HLA15hExSrbuOnaCXUYWCST4tuanmCWUjOuBdQyMacu1l86On5MwofRLEylSEZK7+nshoqPUk9E1nSHGol72Z+J/XTTG48jIRJSnyiC0WBakkGJNZAqQvFGcoJ4ZQpoS5lbAhVZShyalkQnCWX14lrVrVsavO/UWlfp3HUYQTOIVzcOAS6nAHDWgCgyd4hld4s8bWi/VufSxaC1Y+cwx/YH3+AOGqkX4=</latexit>

��2
<latexit sha1_base64="JcTAP1Q9z6EzSdrqFBSv127aPBE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQU8S0IPHCOYB2TXMTmaTIbMPZ3oDYcl3ePGgiFc/xpt/4yTZgyYWNBRV3XR3+YkUGm372yqsrW9sbhW3Szu7e/sH5cOjlo5TxXiTxTJWHZ9qLkXEmyhQ8k6iOA19ydv+6Gbmt8dcaRFHDzhJuBfSQSQCwSgayXNvuURKXDYUj7VeuWJX7TnIKnFyUoEcjV75y+3HLA15hExSrbuOnaCXUYWCST4tuanmCWUjOuBdQyMacu1l86On5MwofRLEylSEZK7+nshoqPUk9E1nSHGol72Z+J/XTTG48jIRJSnyiC0WBakkGJNZAqQvFGcoJ4ZQpoS5lbAhVZShyalkQnCWX14lrVrVsavO/UWlfp3HUYQTOIVzcOAS6nAHDWgCgyd4hld4s8bWi/VufSxaC1Y+cwx/YH3+AOGqkX4=</latexit><latexit sha1_base64="JcTAP1Q9z6EzSdrqFBSv127aPBE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQU8S0IPHCOYB2TXMTmaTIbMPZ3oDYcl3ePGgiFc/xpt/4yTZgyYWNBRV3XR3+YkUGm372yqsrW9sbhW3Szu7e/sH5cOjlo5TxXiTxTJWHZ9qLkXEmyhQ8k6iOA19ydv+6Gbmt8dcaRFHDzhJuBfSQSQCwSgayXNvuURKXDYUj7VeuWJX7TnIKnFyUoEcjV75y+3HLA15hExSrbuOnaCXUYWCST4tuanmCWUjOuBdQyMacu1l86On5MwofRLEylSEZK7+nshoqPUk9E1nSHGol72Z+J/XTTG48jIRJSnyiC0WBakkGJNZAqQvFGcoJ4ZQpoS5lbAhVZShyalkQnCWX14lrVrVsavO/UWlfp3HUYQTOIVzcOAS6nAHDWgCgyd4hld4s8bWi/VufSxaC1Y+cwx/YH3+AOGqkX4=</latexit><latexit sha1_base64="JcTAP1Q9z6EzSdrqFBSv127aPBE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQU8S0IPHCOYB2TXMTmaTIbMPZ3oDYcl3ePGgiFc/xpt/4yTZgyYWNBRV3XR3+YkUGm372yqsrW9sbhW3Szu7e/sH5cOjlo5TxXiTxTJWHZ9qLkXEmyhQ8k6iOA19ydv+6Gbmt8dcaRFHDzhJuBfSQSQCwSgayXNvuURKXDYUj7VeuWJX7TnIKnFyUoEcjV75y+3HLA15hExSrbuOnaCXUYWCST4tuanmCWUjOuBdQyMacu1l86On5MwofRLEylSEZK7+nshoqPUk9E1nSHGol72Z+J/XTTG48jIRJSnyiC0WBakkGJNZAqQvFGcoJ4ZQpoS5lbAhVZShyalkQnCWX14lrVrVsavO/UWlfp3HUYQTOIVzcOAS6nAHDWgCgyd4hld4s8bWi/VufSxaC1Y+cwx/YH3+AOGqkX4=</latexit><latexit sha1_base64="JcTAP1Q9z6EzSdrqFBSv127aPBE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQU8S0IPHCOYB2TXMTmaTIbMPZ3oDYcl3ePGgiFc/xpt/4yTZgyYWNBRV3XR3+YkUGm372yqsrW9sbhW3Szu7e/sH5cOjlo5TxXiTxTJWHZ9qLkXEmyhQ8k6iOA19ydv+6Gbmt8dcaRFHDzhJuBfSQSQCwSgayXNvuURKXDYUj7VeuWJX7TnIKnFyUoEcjV75y+3HLA15hExSrbuOnaCXUYWCST4tuanmCWUjOuBdQyMacu1l86On5MwofRLEylSEZK7+nshoqPUk9E1nSHGol72Z+J/XTTG48jIRJSnyiC0WBakkGJNZAqQvFGcoJ4ZQpoS5lbAhVZShyalkQnCWX14lrVrVsavO/UWlfp3HUYQTOIVzcOAS6nAHDWgCgyd4hld4s8bWi/VufSxaC1Y+cwx/YH3+AOGqkX4=</latexit>

The resulting gaussian fits were the input for Feldman-Cousins procedure (see the poster 
by S. Calvez and A. Norman). NOvA produced measurements of                    ,                ,             
and mass hierarchy. For                   ,                     and                 we used PDG inputs.  

Our results are presented in the form of contours  and slices. In slice (contour) plots all 
parameters are varied except the X axis (and Y axis) title’s variable which remains fixed in 
each point value. 

sin2 ✓23
<latexit sha1_base64="5/9ilRDglZfoN6N54ziUOo5yfGg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQU9S8OKxgv2ANobNdtMu3WzC7kQsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMCxLBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53UemNI/lPUwT5kVkJHnIKQEj+XZ1oLl8aOABjBkQP2uc575dc+rOHHiVuAWpoQIt3/4aDGOaRkwCFUTrvusk4GVEAaeC5ZVBqllC6ISMWN9QSSKmvWx+e45PjTLEYaxMScBz9fdERiKtp1FgOiMCY73szcT/vH4K4ZWXcZmkwCRdLApTgSHGsyDwkCtGQUwNIVRxcyumY6IIBRNXxYTgLr+8SjqNuuvU3buLWvO6iKOMjtEJOkMuukRNdItaqI0oekLP6BW9Wbn1Yr1bH4vWklXMHKE/sD5/ADQDk98=</latexit><latexit sha1_base64="5/9ilRDglZfoN6N54ziUOo5yfGg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQU9S8OKxgv2ANobNdtMu3WzC7kQsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMCxLBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53UemNI/lPUwT5kVkJHnIKQEj+XZ1oLl8aOABjBkQP2uc575dc+rOHHiVuAWpoQIt3/4aDGOaRkwCFUTrvusk4GVEAaeC5ZVBqllC6ISMWN9QSSKmvWx+e45PjTLEYaxMScBz9fdERiKtp1FgOiMCY73szcT/vH4K4ZWXcZmkwCRdLApTgSHGsyDwkCtGQUwNIVRxcyumY6IIBRNXxYTgLr+8SjqNuuvU3buLWvO6iKOMjtEJOkMuukRNdItaqI0oekLP6BW9Wbn1Yr1bH4vWklXMHKE/sD5/ADQDk98=</latexit><latexit sha1_base64="5/9ilRDglZfoN6N54ziUOo5yfGg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQU9S8OKxgv2ANobNdtMu3WzC7kQsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMCxLBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53UemNI/lPUwT5kVkJHnIKQEj+XZ1oLl8aOABjBkQP2uc575dc+rOHHiVuAWpoQIt3/4aDGOaRkwCFUTrvusk4GVEAaeC5ZVBqllC6ISMWN9QSSKmvWx+e45PjTLEYaxMScBz9fdERiKtp1FgOiMCY73szcT/vH4K4ZWXcZmkwCRdLApTgSHGsyDwkCtGQUwNIVRxcyumY6IIBRNXxYTgLr+8SjqNuuvU3buLWvO6iKOMjtEJOkMuukRNdItaqI0oekLP6BW9Wbn1Yr1bH4vWklXMHKE/sD5/ADQDk98=</latexit><latexit sha1_base64="5/9ilRDglZfoN6N54ziUOo5yfGg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQU9S8OKxgv2ANobNdtMu3WzC7kQsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMCxLBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53UemNI/lPUwT5kVkJHnIKQEj+XZ1oLl8aOABjBkQP2uc575dc+rOHHiVuAWpoQIt3/4aDGOaRkwCFUTrvusk4GVEAaeC5ZVBqllC6ISMWN9QSSKmvWx+e45PjTLEYaxMScBz9fdERiKtp1FgOiMCY73szcT/vH4K4ZWXcZmkwCRdLApTgSHGsyDwkCtGQUwNIVRxcyumY6IIBRNXxYTgLr+8SjqNuuvU3buLWvO6iKOMjtEJOkMuukRNdItaqI0oekLP6BW9Wbn1Yr1bH4vWklXMHKE/sD5/ADQDk98=</latexit>

�m2
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<latexit sha1_base64="XVxSZuQM2ds65C4HvM1co3bUlnA=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7JbBT1JQQ8eK9gPaNclm6ZtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL0o408bzvp2V1bX1jc3CVnF7Z3ev5O4fNHWcKkIbJOaxakdYU84kbRhmOG0nimIRcdqKRtdTv/VIlWaxvDfjhAYCDyTrM4KNlUK31L2h3GAkHqphdladhG7Zq3gzoGXi56QMOeqh+9XtxSQVVBrCsdYd30tMkGFlGOF0UuymmiaYjPCAdiyVWFAdZLPDJ+jEKj3Uj5UtadBM/T2RYaH1WES2U2Az1IveVPzP66SmfxlkTCapoZLMF/VTjkyMpimgHlOUGD62BBPF7K2IDLHCxNisijYEf/HlZdKsVnyv4t+dl2tXeRwFOIJjOAUfLqAGt1CHBhBI4Rle4c15cl6cd+dj3rri5DOH8AfO5w+UFZJc</latexit><latexit sha1_base64="XVxSZuQM2ds65C4HvM1co3bUlnA=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7JbBT1JQQ8eK9gPaNclm6ZtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL0o408bzvp2V1bX1jc3CVnF7Z3ev5O4fNHWcKkIbJOaxakdYU84kbRhmOG0nimIRcdqKRtdTv/VIlWaxvDfjhAYCDyTrM4KNlUK31L2h3GAkHqphdladhG7Zq3gzoGXi56QMOeqh+9XtxSQVVBrCsdYd30tMkGFlGOF0UuymmiaYjPCAdiyVWFAdZLPDJ+jEKj3Uj5UtadBM/T2RYaH1WES2U2Az1IveVPzP66SmfxlkTCapoZLMF/VTjkyMpimgHlOUGD62BBPF7K2IDLHCxNisijYEf/HlZdKsVnyv4t+dl2tXeRwFOIJjOAUfLqAGt1CHBhBI4Rle4c15cl6cd+dj3rri5DOH8AfO5w+UFZJc</latexit><latexit sha1_base64="XVxSZuQM2ds65C4HvM1co3bUlnA=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7JbBT1JQQ8eK9gPaNclm6ZtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL0o408bzvp2V1bX1jc3CVnF7Z3ev5O4fNHWcKkIbJOaxakdYU84kbRhmOG0nimIRcdqKRtdTv/VIlWaxvDfjhAYCDyTrM4KNlUK31L2h3GAkHqphdladhG7Zq3gzoGXi56QMOeqh+9XtxSQVVBrCsdYd30tMkGFlGOF0UuymmiaYjPCAdiyVWFAdZLPDJ+jEKj3Uj5UtadBM/T2RYaH1WES2U2Az1IveVPzP66SmfxlkTCapoZLMF/VTjkyMpimgHlOUGD62BBPF7K2IDLHCxNisijYEf/HlZdKsVnyv4t+dl2tXeRwFOIJjOAUfLqAGt1CHBhBI4Rle4c15cl6cd+dj3rri5DOH8AfO5w+UFZJc</latexit><latexit sha1_base64="XVxSZuQM2ds65C4HvM1co3bUlnA=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7JbBT1JQQ8eK9gPaNclm6ZtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL0o408bzvp2V1bX1jc3CVnF7Z3ev5O4fNHWcKkIbJOaxakdYU84kbRhmOG0nimIRcdqKRtdTv/VIlWaxvDfjhAYCDyTrM4KNlUK31L2h3GAkHqphdladhG7Zq3gzoGXi56QMOeqh+9XtxSQVVBrCsdYd30tMkGFlGOF0UuymmiaYjPCAdiyVWFAdZLPDJ+jEKj3Uj5UtadBM/T2RYaH1WES2U2Az1IveVPzP66SmfxlkTCapoZLMF/VTjkyMpimgHlOUGD62BBPF7K2IDLHCxNisijYEf/HlZdKsVnyv4t+dl2tXeRwFOIJjOAUfLqAGt1CHBhBI4Rle4c15cl6cd+dj3rri5DOH8AfO5w+UFZJc</latexit>

�CP
<latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit><latexit sha1_base64="Q3pQMR97rkGNYCWP1q6J4ChyNd4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFYwX5AG8pms2mXbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmBakUBl332yltbG5t75R3K3v7B4dH1eOTjlGZZrzNlFS6F1DDpUh4GwVK3ks1p3EgeTeYNOd+94lrI1TyiNOU+zEdJSISjKKV+oOQS6TDvNmaDas1t+4uQNaJV5AaFGgNq1+DULEs5gkySY3pe26Kfk41Cib5rDLIDE8pm9AR71ua0JgbP1+cPCMXVglJpLStBMlC/T2R09iYaRzYzpji2Kx6c/E/r59hdOvnIkkz5AlbLooySVCR+f8kFJozlFNLKNPC3krYmGrK0KZUsSF4qy+vk85V3XPr3sN1rXFXxFGGMziHS/DgBhpwDy1oAwMFz/AKbw46L86787FsLTnFzCn8gfP5Az+3kTQ=</latexit>

sin2 ✓13
<latexit sha1_base64="N0v08JVJGuzp6VIwaipPyFlE8X0=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQU9S8OKxgv2ANobNdtMu3WzC7kQsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMCxLBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53UemNI/lPUwT5kVkJHnIKQEj+XZ1oLl8aOABjBkQP3PPc9+uOXVnDrxK3ILUUIGWb38NhjFNIyaBCqJ133US8DKigFPB8sog1SwhdEJGrG+oJBHTXja/PcenRhniMFamJOC5+nsiI5HW0ygwnRGBsV72ZuJ/Xj+F8MrLuExSYJIuFoWpwBDjWRB4yBWjIKaGEKq4uRXTMVGEgomrYkJwl19eJZ1G3XXq7t1FrXldxFFGx+gEnSEXXaImukUt1EYUPaFn9IrerNx6sd6tj0VrySpmjtAfWJ8/Mn2T3g==</latexit><latexit sha1_base64="N0v08JVJGuzp6VIwaipPyFlE8X0=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQU9S8OKxgv2ANobNdtMu3WzC7kQsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMCxLBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53UemNI/lPUwT5kVkJHnIKQEj+XZ1oLl8aOABjBkQP3PPc9+uOXVnDrxK3ILUUIGWb38NhjFNIyaBCqJ133US8DKigFPB8sog1SwhdEJGrG+oJBHTXja/PcenRhniMFamJOC5+nsiI5HW0ygwnRGBsV72ZuJ/Xj+F8MrLuExSYJIuFoWpwBDjWRB4yBWjIKaGEKq4uRXTMVGEgomrYkJwl19eJZ1G3XXq7t1FrXldxFFGx+gEnSEXXaImukUt1EYUPaFn9IrerNx6sd6tj0VrySpmjtAfWJ8/Mn2T3g==</latexit><latexit sha1_base64="N0v08JVJGuzp6VIwaipPyFlE8X0=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQU9S8OKxgv2ANobNdtMu3WzC7kQsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMCxLBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53UemNI/lPUwT5kVkJHnIKQEj+XZ1oLl8aOABjBkQP3PPc9+uOXVnDrxK3ILUUIGWb38NhjFNIyaBCqJ133US8DKigFPB8sog1SwhdEJGrG+oJBHTXja/PcenRhniMFamJOC5+nsiI5HW0ygwnRGBsV72ZuJ/Xj+F8MrLuExSYJIuFoWpwBDjWRB4yBWjIKaGEKq4uRXTMVGEgomrYkJwl19eJZ1G3XXq7t1FrXldxFFGx+gEnSEXXaImukUt1EYUPaFn9IrerNx6sd6tj0VrySpmjtAfWJ8/Mn2T3g==</latexit><latexit sha1_base64="N0v08JVJGuzp6VIwaipPyFlE8X0=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQU9S8OKxgv2ANobNdtMu3WzC7kQsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMCxLBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53UemNI/lPUwT5kVkJHnIKQEj+XZ1oLl8aOABjBkQP3PPc9+uOXVnDrxK3ILUUIGWb38NhjFNIyaBCqJ133US8DKigFPB8sog1SwhdEJGrG+oJBHTXja/PcenRhniMFamJOC5+nsiI5HW0ygwnRGBsV72ZuJ/Xj+F8MrLuExSYJIuFoWpwBDjWRB4yBWjIKaGEKq4uRXTMVGEgomrYkJwl19eJZ1G3XXq7t1FrXldxFFGx+gEnSEXXaImukUt1EYUPaFn9IrerNx6sd6tj0VrySpmjtAfWJ8/Mn2T3g==</latexit>

sin2 ✓12
<latexit sha1_base64="8gHWcY42qZRoBJqQ+XSEDbYUC7E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5IUQU9S8OKxgm2FJobNdtMu3WzC7kQsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VZW9/Y3Kpu13Z29/YP7MN6TyeZoqxLE5Go+5BoJrhkXeAg2H2qGIlDwfrh5Hrm9x+Z0jyRdzBNmR+TkeQRpwSMFNh1T3P50MIejBmQIHdbRWA3nKYzB14lbkkaqEQnsL+8YUKzmEmggmg9cJ0U/Jwo4FSwouZlmqWETsiIDQyVJGbaz+e3F/jUKEMcJcqUBDxXf0/kJNZ6GoemMyYw1sveTPzPG2QQXfo5l2kGTNLFoigTGBI8CwIPuWIUxNQQQhU3t2I6JopQMHHVTAju8surpNdquk7TvT1vtK/KOKroGJ2gM+SiC9RGN6iDuoiiJ/SMXtGbVVgv1rv1sWitWOXMEfoD6/MHMPiT3Q==</latexit><latexit sha1_base64="8gHWcY42qZRoBJqQ+XSEDbYUC7E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5IUQU9S8OKxgm2FJobNdtMu3WzC7kQsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VZW9/Y3Kpu13Z29/YP7MN6TyeZoqxLE5Go+5BoJrhkXeAg2H2qGIlDwfrh5Hrm9x+Z0jyRdzBNmR+TkeQRpwSMFNh1T3P50MIejBmQIHdbRWA3nKYzB14lbkkaqEQnsL+8YUKzmEmggmg9cJ0U/Jwo4FSwouZlmqWETsiIDQyVJGbaz+e3F/jUKEMcJcqUBDxXf0/kJNZ6GoemMyYw1sveTPzPG2QQXfo5l2kGTNLFoigTGBI8CwIPuWIUxNQQQhU3t2I6JopQMHHVTAju8surpNdquk7TvT1vtK/KOKroGJ2gM+SiC9RGN6iDuoiiJ/SMXtGbVVgv1rv1sWitWOXMEfoD6/MHMPiT3Q==</latexit><latexit sha1_base64="8gHWcY42qZRoBJqQ+XSEDbYUC7E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5IUQU9S8OKxgm2FJobNdtMu3WzC7kQsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VZW9/Y3Kpu13Z29/YP7MN6TyeZoqxLE5Go+5BoJrhkXeAg2H2qGIlDwfrh5Hrm9x+Z0jyRdzBNmR+TkeQRpwSMFNh1T3P50MIejBmQIHdbRWA3nKYzB14lbkkaqEQnsL+8YUKzmEmggmg9cJ0U/Jwo4FSwouZlmqWETsiIDQyVJGbaz+e3F/jUKEMcJcqUBDxXf0/kJNZ6GoemMyYw1sveTPzPG2QQXfo5l2kGTNLFoigTGBI8CwIPuWIUxNQQQhU3t2I6JopQMHHVTAju8surpNdquk7TvT1vtK/KOKroGJ2gM+SiC9RGN6iDuoiiJ/SMXtGbVVgv1rv1sWitWOXMEfoD6/MHMPiT3Q==</latexit><latexit sha1_base64="8gHWcY42qZRoBJqQ+XSEDbYUC7E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5IUQU9S8OKxgm2FJobNdtMu3WzC7kQsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VZW9/Y3Kpu13Z29/YP7MN6TyeZoqxLE5Go+5BoJrhkXeAg2H2qGIlDwfrh5Hrm9x+Z0jyRdzBNmR+TkeQRpwSMFNh1T3P50MIejBmQIHdbRWA3nKYzB14lbkkaqEQnsL+8YUKzmEmggmg9cJ0U/Jwo4FSwouZlmqWETsiIDQyVJGbaz+e3F/jUKEMcJcqUBDxXf0/kJNZ6GoemMyYw1sveTPzPG2QQXfo5l2kGTNLFoigTGBI8CwIPuWIUxNQQQhU3t2I6JopQMHHVTAju8surpNdquk7TvT1vtK/KOKroGJ2gM+SiC9RGN6iDuoiiJ/SMXtGbVVgv1rv1sWitWOXMEfoD6/MHMPiT3Q==</latexit>

�m2
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

NOvA’s analysis is frequentist with profiled 
systematics and penalty terms. 

While making gaussian fits for slices (contours) we profile all nuisance parameters. Thus we find the 
values that most favours the data. See the example of such profile for Cherenkov systematics, for 
instance,  for           slice on the right plot. Such best fit profiles are used for the Feldman-Cousins 
procedure as inputs for generating  pseudo-experiments for each point of the slice (contour).

�CP
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NOvA observes νµ(ν̄µ) → νe(ν̄e), sensitive to θ23, δCP, and sgn
(
∆m2

32

)

Frequentist Interpretation of Oscillation Data
This analysis fixes θ12 and ∆m2

21 [1], and apply a reactor constraint to θ13 [2].
θ23, δCP, and ∆m2

32 are freely fit, for each mass ordering separately.
68 systematic uncertainties are applied as gaussian penalty terms during the fit.

The Profiled Feldman-Cousins Method
• Assumption that likelihood follow a χ2 distribution relies on Wilks’ Theorem

• NOvA data does not entirely satisfy, hence extra steps to construct confidence inter-
vals are needed [3]

Feldman-Cousins method generates empirical distributions for the log-
likelihood test statistic

• Generate many pseudo-experiments (PSEs) for each combination of fit variable,
while fixing (profiling) over all non-fit (nuisance) parameters

• Calculate ∆χ2 between the PSE and best fit to data

• Sort list of ∆χ2 values and calculate critical point based on confidence level

Computational Methods for Feldman-Cousins
• FC is computationally expensive, requiring 10’s of thousands of PSEs per bin

• Parallelism is leveraged with MPICH and the DIY package for C++, and utilization
of NERSC’s Perlmutter supercomputer
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Results
NOvA presents the results of a frequentist analysis of 10 years of FD oscillation data:

• Joint νµ(ν̄µ) + νe(ν̄e) fit, including a novel low-energy νe sample

10 years of NOvA Data νµ ν̄µ νe ν̄e Low-E νe

FD Observed Events 384 106 169 32 12

Background 11.4 1.7 55.0 12.3 6.8

Best-Fit Values

Parameter Best-fit Normal Ordering Preference (σ)

sin2 (θ23) 0.546+0.032
−0.075 W/ 1D Daya Bay 1.36σ

∆m2
32

(
10−3 eV2

)
2.433+0.035

−0.036

W/ 2D Daya Bay 1.57σ
δCP (π) 0.875

0 1 2 3 4
0

5

10

Quartile 3

0 1 2 3 4 5

worst resolution
Quartile 4

0

5

10

15
best resolution
Quartile 1FD data

Background

Quartile 2

2024 Best-fit Pred.
 syst. rangeσ1-

CCµνWrong Sign: 
Cosmic bkgd.

NOvA Preliminary-beamν

Reconstructed Neutrino Energy (GeV)

E
ve

nt
s 

/ 0
.1

 G
eV

0 1 2 3 4 5
0

0.2

0.4

0.6

0.8

1

1.2

1.4

FD data
2024 Best-fit Pred.

 syst. rangeσ1-

Reconstructed Neutrino Energy (GeV)

R
at

io
 to

 n
o 

os
ci

lla
tio

n

NOvA Preliminary-beamν

0 1 2 3 4
0

2

4

6

8
Quartile 3

0 1 2 3 4 5

worst resolution
Quartile 4

0

2

4

6

8

10

best resolution
Quartile 1FD data

Background

Quartile 2

2024 Best-fit Pred.
 syst. rangeσ1-

CCµνWrong Sign: 
Cosmic bkgd.

NOvA Preliminary-beamν

Reconstructed Neutrino Energy (GeV)

E
ve

nt
s 

/ 0
.1

 G
eV

0

20

40

60

80

NOvA Preliminary

20

40

60

80

0.5 1 1.5

Lo
w

-E
ne

rg
y

NOvA Preliminary

Low PID High PID

C
or

e

P
er

ip
he

ra
l

1 2 3 4 1 2 3 4

-beamν

FD All Data

WS bkg.

bkg.
Beam

bkg.
Cosmic

Best-fit Pred.

range
 syst.σ1-

 energy (GeV)eνReconstructed 

E
ve

nt
s

0.4 0.5 0.6

)23θ(2sin

2

2.2

2.4

2.6

2.8

3

)2
 e

V
-3

 (
10

2 32
m∆

2024
IceCube

2023
T2K

2023
SK

2020
MINOS

Best-fit

NOvA Preliminary

-beamν POT-equiv. 2010×26.6

-beamν POT 2010×12.5With 1D Daya Bay Constraint
NOvA NO 90% CL

2024
NOvA

View the NOvA Live Event Display!

See also Poster #450
Ben Jargowsky and
Liudmila Kolupaeva

”Bayesian Fit for the NOvA Three
Flavor Oscillation Analysis”

Acknowledgements

This document was prepared by the NOvA Collaboration using the resources of the Fermi National Accel-
erator Laboratory (Fermilab), a U.S. Department of Energy, Office of Science, HEP User Facility. Fermilab
is managed by Fermi Research Alliance, LLC (FRA), acting under Contract No. DE-AC02-07CH11359.

References

[1] Workman, R. L. & Others. Review of Particle Physics. PTEP 2022, 083C01 (2022).

[2] An, F. P. et al. Precision measurement of reactor antineutrino oscillation at kilometer-scale baselines by daya bay. Phys. Rev. Lett. 130, 161802 (2023).

[3] Acero, M. A. et al. The profiled feldman-cousins technique for confidence interval construction in the presence of nuisance parameters (2022).
2207.14353.


