
ON-SKY ELONGATED LGS 
WAVEFRONT SENSING USING CANARY

Lisa Bardou, Eric Gendron, Gérard Rousset, Damien 
Gratadour, Alastair Basden, Domenico Bonaccini Calia, Tristan Buey, 

Mauro Centrone, Fanny Chemla, Jean-Luc Gach, Deli Geng, Zoltán 
Hubert, Douglas J. Laidlaw, Tim Morris, Richard Myers, James 

Osborn, Andrew Reeves, Matthew Townson, Fabrice Vidal



William Herschel Telescope 
(4.2m) 

AO system : CANARY

Isaac Newton 
Telescope(2,54m) 
High Resolution 
sodium profiler

40m~426m
Laser Launch 

Telescope

Photon 
Return 

Monitor

20”
200”

Sodium layer

Natural 
Guide Star

Laser Guide 
Star

~5m

EXPERIMENTAL SET-UP

�2



Steering mirror : 
laser jitter 

stabilisation
AO SET-UP

On-axis 
LGS WFS

TS : on-axis 
NGS WFS

DM

TT mirror

3 off-axis 
NGS WFS IR Camera

Telescope

�3



WFS CHARACTERISTICS

TS LGS WFS

Camera ANDOR EMCCD 
128 x 128

OCAM EMCCD 
240 x 240

RON (e-/frame) 0.24 0.25

WF sampling 7x7 7x7

pixel scale (“/pixel) 0.24 0.65

FOV (“) 3.87 19.5
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➤ Acquisition:

DATA FORMAT

5000 fra
mes 

= 33s

 x 20…
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➤ Acquisition sequence: ~20 min 
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➤ Centroid gain estimation via TT dithering 
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➤ Acquisition:

DATA FORMAT

5000 fra
mes 

= 33s

➤ Acquisition sequence: ~20 min 

➤ Centroid gain estimation via TT dithering 

➤ Strehl ratio measurement 

➤ On-sky reference slopes for LGS WFS
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DATA EXAMPLE

28/09 - 5h51 28/09 - 21h22 28/09 - 23h13 29/09 - 05h50 02/10 - 02h07

elongation 20% (“) 15.9 17.0 15.0 16.8 14.0

FWHM (“) 2.0 1.9 1.8 2.2 1.6

LLT distance (m) 36 38 33 36 35
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DATA PROCESSING
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DATA PROCESSING
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Images Slopes Centroid gain 
correction

Wavefront 
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➤ Correlation

smeas = � ⇥ sreal
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<latexit sha1_base64="oEzJro/4tGtR5QdZnE8ClsE8GGs=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdCMU3bisYB/QhHIznbZDZ5IwMxFKyIe48VfcuFDEjQvBv3HSZlFbDwwczrl37r0niDlT2nF+rNLK6tr6RnmzsrW9s7tn7x+0VJRIQpsk4pHsBKAoZyFtaqY57cSSggg4bQfj29xvP1KpWBQ+6ElMfQHDkA0YAW2knn2ueqknQI+kSAUFlWX4GntDEAKwp5mgCs9VmJ95lvXsqlNzpsDLxC1IFRVo9Owvrx+RRNBQEw5KdV0n1n4KUjPCaVbxEkVjIGMY0q6hIZixfjo9LsMnRunjQSTNCzWeqvMdKQilJiIwlfmWatHLxf+8bqIHV37KwjjRNCSzQYOEYx3hPCncZ5ISzSeGAJHM7IrJCCQQbfKsmBDcxZOXSeus5jo19/6iWr8p4iijI3SMTpGLLlEd3aEGaiKCntALekPv1rP1an1Yn7PSklX0HKI/sL5/AXxAots=</latexit><latexit sha1_base64="oEzJro/4tGtR5QdZnE8ClsE8GGs=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdCMU3bisYB/QhHIznbZDZ5IwMxFKyIe48VfcuFDEjQvBv3HSZlFbDwwczrl37r0niDlT2nF+rNLK6tr6RnmzsrW9s7tn7x+0VJRIQpsk4pHsBKAoZyFtaqY57cSSggg4bQfj29xvP1KpWBQ+6ElMfQHDkA0YAW2knn2ueqknQI+kSAUFlWX4GntDEAKwp5mgCs9VmJ95lvXsqlNzpsDLxC1IFRVo9Owvrx+RRNBQEw5KdV0n1n4KUjPCaVbxEkVjIGMY0q6hIZixfjo9LsMnRunjQSTNCzWeqvMdKQilJiIwlfmWatHLxf+8bqIHV37KwjjRNCSzQYOEYx3hPCncZ5ISzSeGAJHM7IrJCCQQbfKsmBDcxZOXSeus5jo19/6iWr8p4iijI3SMTpGLLlEd3aEGaiKCntALekPv1rP1an1Yn7PSklX0HKI/sL5/AXxAots=</latexit><latexit sha1_base64="oEzJro/4tGtR5QdZnE8ClsE8GGs=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdCMU3bisYB/QhHIznbZDZ5IwMxFKyIe48VfcuFDEjQvBv3HSZlFbDwwczrl37r0niDlT2nF+rNLK6tr6RnmzsrW9s7tn7x+0VJRIQpsk4pHsBKAoZyFtaqY57cSSggg4bQfj29xvP1KpWBQ+6ElMfQHDkA0YAW2knn2ueqknQI+kSAUFlWX4GntDEAKwp5mgCs9VmJ95lvXsqlNzpsDLxC1IFRVo9Owvrx+RRNBQEw5KdV0n1n4KUjPCaVbxEkVjIGMY0q6hIZixfjo9LsMnRunjQSTNCzWeqvMdKQilJiIwlfmWatHLxf+8bqIHV37KwjjRNCSzQYOEYx3hPCncZ5ISzSeGAJHM7IrJCCQQbfKsmBDcxZOXSeus5jo19/6iWr8p4iijI3SMTpGLLlEd3aEGaiKCntALekPv1rP1an1Yn7PSklX0HKI/sL5/AXxAots=</latexit><latexit sha1_base64="feYzCSbqj61LrrcowietRi1DSP8=">AAAB5HicbVDLSgNBEOz1GddX9OplMAiewq4XPQpePEYwD0hCmJ3tTYbMzi4zvUJY8gMevIh49Zu8+TdOHqAmFjQUVd10d0W5kpaC4Mvb2Nza3tmt7Pn7B/7h0XH1pGWzwghsikxlphNxi0pqbJIkhZ3cIE8jhe1ofDfz209orMz0I01y7Kd8qGUiBScnNQbVWlAP5mDrJFySGiwxqH724kwUKWoSilvbDYOc+iU3JIXCqd8rLOZcjPkQu45qnqLtl/Mzp+zCKTFLMuNKE5urvydKnlo7SSPXmXIa2VVvJv7ndQtKbvql1HlBqMViUVIoRhmb/cxiaVCQmjjChZHuViZG3HBBLhnfZRCufrxOWlf1MKiHDz9hQAXO4BwuIYRruIV7aEATBMTwDK/eyHvx3rz3ReOGt5w4hT/wPr4BGDqLAg==</latexit><latexit sha1_base64="ZuBAU0LbzZlAi4+1nk03aU+FNH0=">AAACHHicbVDLSgNBEOyNrxhfqx69DAbBU9jVg14EwYvHCOYB2RB6J5NkyMzuMjMrhGU/xIu/4sWDIl48CP6NkwcYEwsGiqru6e4KE8G18bxvp7Cyura+UdwsbW3v7O65+wd1HaeKshqNRayaIWomeMRqhhvBmoliKEPBGuHwZuw3HpjSPI7uzShhbYn9iPc4RWOljnuuO1kg0QyUzCRDnefkigR9lBJJYLhkmsxV2J9FnnfcslfxJiDLxJ+RMsxQ7bifQTemqWSRoQK1bvleYtoZKsOpYHkpSDVLkA6xz1qWRmjHtrPJcTk5sUqX9GJlX2TIRJ3vyFBqPZKhrRxvqRe9sfif10pN77Kd8ShJDYvodFAvFcTEZJwU6XLFqBEjS5AqbncldIAKqbF5lmwI/uLJy6R+VvG9in/3mwYU4QiO4RR8uIBruIUq1IDCIzzDK7w5T86L8+58TEsLzqznEP7A+foBU6aiVQ==</latexit><latexit sha1_base64="ZuBAU0LbzZlAi4+1nk03aU+FNH0=">AAACHHicbVDLSgNBEOyNrxhfqx69DAbBU9jVg14EwYvHCOYB2RB6J5NkyMzuMjMrhGU/xIu/4sWDIl48CP6NkwcYEwsGiqru6e4KE8G18bxvp7Cyura+UdwsbW3v7O65+wd1HaeKshqNRayaIWomeMRqhhvBmoliKEPBGuHwZuw3HpjSPI7uzShhbYn9iPc4RWOljnuuO1kg0QyUzCRDnefkigR9lBJJYLhkmsxV2J9FnnfcslfxJiDLxJ+RMsxQ7bifQTemqWSRoQK1bvleYtoZKsOpYHkpSDVLkA6xz1qWRmjHtrPJcTk5sUqX9GJlX2TIRJ3vyFBqPZKhrRxvqRe9sfif10pN77Kd8ShJDYvodFAvFcTEZJwU6XLFqBEjS5AqbncldIAKqbF5lmwI/uLJy6R+VvG9in/3mwYU4QiO4RR8uIBruIUq1IDCIzzDK7w5T86L8+58TEsLzqznEP7A+foBU6aiVQ==</latexit><latexit sha1_base64="kxZEsHZfrQ6PuwiwFF9gVuaa2c4=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRJd6EYounFZwT6gCeFmOm2HziRhZiKUkA9x46+4caGIGxeCf+OkzUJbDwwczrl37r0nTDhT2nG+rcrK6tr6RnWztrW9s7tn7x90VJxKQtsk5rHshaAoZxFta6Y57SWSggg57YaTm8LvPlCpWBzd62lCfQGjiA0ZAW2kwD5XQeYJ0GMpMkFB5Tm+wt4IhADsaSaowr8qzM88zwO77jScGfAycUtSRyVagf3pDWKSChppwkGpvusk2s9AakY4zWteqmgCZAIj2jc0AjPWz2bH5fjEKAM8jKV5kcYz9XdHBkKpqQhNZbGlWvQK8T+vn+rhpZ+xKEk1jch80DDlWMe4SAoPmKRE86khQCQzu2IyBglEmzxrJgR38eRl0jlruE7DvXPqzesyjio6QsfoFLnoAjXRLWqhNiLoET2jV/RmPVkv1rv1MS+tWGXPIfoD6+sHewCi1w==</latexit><latexit sha1_base64="oEzJro/4tGtR5QdZnE8ClsE8GGs=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdCMU3bisYB/QhHIznbZDZ5IwMxFKyIe48VfcuFDEjQvBv3HSZlFbDwwczrl37r0niDlT2nF+rNLK6tr6RnmzsrW9s7tn7x+0VJRIQpsk4pHsBKAoZyFtaqY57cSSggg4bQfj29xvP1KpWBQ+6ElMfQHDkA0YAW2knn2ueqknQI+kSAUFlWX4GntDEAKwp5mgCs9VmJ95lvXsqlNzpsDLxC1IFRVo9Owvrx+RRNBQEw5KdV0n1n4KUjPCaVbxEkVjIGMY0q6hIZixfjo9LsMnRunjQSTNCzWeqvMdKQilJiIwlfmWatHLxf+8bqIHV37KwjjRNCSzQYOEYx3hPCncZ5ISzSeGAJHM7IrJCCQQbfKsmBDcxZOXSeus5jo19/6iWr8p4iijI3SMTpGLLlEd3aEGaiKCntALekPv1rP1an1Yn7PSklX0HKI/sL5/AXxAots=</latexit><latexit sha1_base64="oEzJro/4tGtR5QdZnE8ClsE8GGs=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdCMU3bisYB/QhHIznbZDZ5IwMxFKyIe48VfcuFDEjQvBv3HSZlFbDwwczrl37r0niDlT2nF+rNLK6tr6RnmzsrW9s7tn7x+0VJRIQpsk4pHsBKAoZyFtaqY57cSSggg4bQfj29xvP1KpWBQ+6ElMfQHDkA0YAW2knn2ueqknQI+kSAUFlWX4GntDEAKwp5mgCs9VmJ95lvXsqlNzpsDLxC1IFRVo9Owvrx+RRNBQEw5KdV0n1n4KUjPCaVbxEkVjIGMY0q6hIZixfjo9LsMnRunjQSTNCzWeqvMdKQilJiIwlfmWatHLxf+8bqIHV37KwjjRNCSzQYOEYx3hPCncZ5ISzSeGAJHM7IrJCCQQbfKsmBDcxZOXSeus5jo19/6iWr8p4iijI3SMTpGLLlEd3aEGaiKCntALekPv1rP1an1Yn7PSklX0HKI/sL5/AXxAots=</latexit><latexit sha1_base64="oEzJro/4tGtR5QdZnE8ClsE8GGs=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdCMU3bisYB/QhHIznbZDZ5IwMxFKyIe48VfcuFDEjQvBv3HSZlFbDwwczrl37r0niDlT2nF+rNLK6tr6RnmzsrW9s7tn7x+0VJRIQpsk4pHsBKAoZyFtaqY57cSSggg4bQfj29xvP1KpWBQ+6ElMfQHDkA0YAW2knn2ueqknQI+kSAUFlWX4GntDEAKwp5mgCs9VmJ95lvXsqlNzpsDLxC1IFRVo9Owvrx+RRNBQEw5KdV0n1n4KUjPCaVbxEkVjIGMY0q6hIZixfjo9LsMnRunjQSTNCzWeqvMdKQilJiIwlfmWatHLxf+8bqIHV37KwjjRNCSzQYOEYx3hPCncZ5ISzSeGAJHM7IrJCCQQbfKsmBDcxZOXSeus5jo19/6iWr8p4iijI3SMTpGLLlEd3aEGaiKCntALekPv1rP1an1Yn7PSklX0HKI/sL5/AXxAots=</latexit><latexit sha1_base64="oEzJro/4tGtR5QdZnE8ClsE8GGs=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdCMU3bisYB/QhHIznbZDZ5IwMxFKyIe48VfcuFDEjQvBv3HSZlFbDwwczrl37r0niDlT2nF+rNLK6tr6RnmzsrW9s7tn7x+0VJRIQpsk4pHsBKAoZyFtaqY57cSSggg4bQfj29xvP1KpWBQ+6ElMfQHDkA0YAW2knn2ueqknQI+kSAUFlWX4GntDEAKwp5mgCs9VmJ95lvXsqlNzpsDLxC1IFRVo9Owvrx+RRNBQEw5KdV0n1n4KUjPCaVbxEkVjIGMY0q6hIZixfjo9LsMnRunjQSTNCzWeqvMdKQilJiIwlfmWatHLxf+8bqIHV37KwjjRNCSzQYOEYx3hPCncZ5ISzSeGAJHM7IrJCCQQbfKsmBDcxZOXSeus5jo19/6iWr8p4iijI3SMTpGLLlEd3aEGaiKCntALekPv1rP1an1Yn7PSklX0HKI/sL5/AXxAots=</latexit><latexit sha1_base64="oEzJro/4tGtR5QdZnE8ClsE8GGs=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdCMU3bisYB/QhHIznbZDZ5IwMxFKyIe48VfcuFDEjQvBv3HSZlFbDwwczrl37r0niDlT2nF+rNLK6tr6RnmzsrW9s7tn7x+0VJRIQpsk4pHsBKAoZyFtaqY57cSSggg4bQfj29xvP1KpWBQ+6ElMfQHDkA0YAW2knn2ueqknQI+kSAUFlWX4GntDEAKwp5mgCs9VmJ95lvXsqlNzpsDLxC1IFRVo9Owvrx+RRNBQEw5KdV0n1n4KUjPCaVbxEkVjIGMY0q6hIZixfjo9LsMnRunjQSTNCzWeqvMdKQilJiIwlfmWatHLxf+8bqIHV37KwjjRNCSzQYOEYx3hPCncZ5ISzSeGAJHM7IrJCCQQbfKsmBDcxZOXSeus5jo19/6iWr8p4iijI3SMTpGLLlEd3aEGaiKCntALekPv1rP1an1Yn7PSklX0HKI/sL5/AXxAots=</latexit><latexit sha1_base64="oEzJro/4tGtR5QdZnE8ClsE8GGs=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdCMU3bisYB/QhHIznbZDZ5IwMxFKyIe48VfcuFDEjQvBv3HSZlFbDwwczrl37r0niDlT2nF+rNLK6tr6RnmzsrW9s7tn7x+0VJRIQpsk4pHsBKAoZyFtaqY57cSSggg4bQfj29xvP1KpWBQ+6ElMfQHDkA0YAW2knn2ueqknQI+kSAUFlWX4GntDEAKwp5mgCs9VmJ95lvXsqlNzpsDLxC1IFRVo9Owvrx+RRNBQEw5KdV0n1n4KUjPCaVbxEkVjIGMY0q6hIZixfjo9LsMnRunjQSTNCzWeqvMdKQilJiIwlfmWatHLxf+8bqIHV37KwjjRNCSzQYOEYx3hPCncZ5ISzSeGAJHM7IrJCCQQbfKsmBDcxZOXSeus5jo19/6iWr8p4iijI3SMTpGLLlEd3aEGaiKCntALekPv1rP1an1Yn7PSklX0HKI/sL5/AXxAots=</latexit>
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➤ Analysis of the temporal average of the spatial variance of the wavefront difference 
between TS and LGS ⌦

��TS��LGS
2
↵
time

<latexit sha1_base64="czPB2GmCgQbT890KvGRcILl6fXU="></latexit><latexit sha1_base64="czPB2GmCgQbT890KvGRcILl6fXU="></latexit><latexit sha1_base64="czPB2GmCgQbT890KvGRcILl6fXU="></latexit><latexit sha1_base64="czPB2GmCgQbT890KvGRcILl6fXU="></latexit>

➤ Dynamic component : temporal variance 
of the spatial variance of the WFD

➤ Static component : spatial variance of the 
temporal mean of the WFD
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<latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit><latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit><latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit><latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit>
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residual static error 
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<latexit sha1_base64="xjS9pJnV5oNX4LWHTZuaNveDJUo="></latexit><latexit sha1_base64="xjS9pJnV5oNX4LWHTZuaNveDJUo="></latexit><latexit sha1_base64="xjS9pJnV5oNX4LWHTZuaNveDJUo="></latexit><latexit sha1_base64="xjS9pJnV5oNX4LWHTZuaNveDJUo="></latexit>
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➤ Analysis of the temporal average of the spatial variance of the wavefront difference 
between TS and LGS ⌦
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<latexit sha1_base64="czPB2GmCgQbT890KvGRcILl6fXU="></latexit><latexit sha1_base64="czPB2GmCgQbT890KvGRcILl6fXU="></latexit><latexit sha1_base64="czPB2GmCgQbT890KvGRcILl6fXU="></latexit><latexit sha1_base64="czPB2GmCgQbT890KvGRcILl6fXU="></latexit>

➤ Dynamic component : temporal variance 
of the spatial variance of the WFD

➤ Static component : spatial variance of the 
temporal mean of the WFD

= =
LGS WFS noiseTS noise Cone effect

residual dynamic error 
due to the elongation :
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<latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit><latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit><latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit><latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit>

TS reference slopesLGS WFS reference slopes
residual static error 
due to the elongation :
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<latexit sha1_base64="xjS9pJnV5oNX4LWHTZuaNveDJUo="></latexit><latexit sha1_base64="xjS9pJnV5oNX4LWHTZuaNveDJUo="></latexit><latexit sha1_base64="xjS9pJnV5oNX4LWHTZuaNveDJUo="></latexit><latexit sha1_base64="xjS9pJnV5oNX4LWHTZuaNveDJUo="></latexit>
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<latexit sha1_base64="dI1aqs+ca1q1XuJkIA1c2lDCLsk=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCHjxWsB/QxrLZbtqlu5uwuxFL6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp37nUeqNIvlvZkmNBB4JFnECDZW6sjB00PddQeVqlfz5kCrxC9IFQo0B5Wv/jAmqaDSEI617vleYoIMK8MIpzO3n2qaYDLBI9qzVGJBdZDNz52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroKMiaT1FBJFouilCMTo/x3NGSKEsOnlmCimL0VkTFWmBibUB6Cv/zyKmnXa75X8+8uqo2bIo4ynMApnIMPl9CAW2hCCwhM4Ble4c1JnBfn3flYtJacYuYY/sD5/AH7kY6r</latexit><latexit sha1_base64="dI1aqs+ca1q1XuJkIA1c2lDCLsk=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCHjxWsB/QxrLZbtqlu5uwuxFL6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp37nUeqNIvlvZkmNBB4JFnECDZW6sjB00PddQeVqlfz5kCrxC9IFQo0B5Wv/jAmqaDSEI617vleYoIMK8MIpzO3n2qaYDLBI9qzVGJBdZDNz52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroKMiaT1FBJFouilCMTo/x3NGSKEsOnlmCimL0VkTFWmBibUB6Cv/zyKmnXa75X8+8uqo2bIo4ynMApnIMPl9CAW2hCCwhM4Ble4c1JnBfn3flYtJacYuYY/sD5/AH7kY6r</latexit><latexit sha1_base64="dI1aqs+ca1q1XuJkIA1c2lDCLsk=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCHjxWsB/QxrLZbtqlu5uwuxFL6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp37nUeqNIvlvZkmNBB4JFnECDZW6sjB00PddQeVqlfz5kCrxC9IFQo0B5Wv/jAmqaDSEI617vleYoIMK8MIpzO3n2qaYDLBI9qzVGJBdZDNz52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroKMiaT1FBJFouilCMTo/x3NGSKEsOnlmCimL0VkTFWmBibUB6Cv/zyKmnXa75X8+8uqo2bIo4ynMApnIMPl9CAW2hCCwhM4Ble4c1JnBfn3flYtJacYuYY/sD5/AH7kY6r</latexit><latexit sha1_base64="dI1aqs+ca1q1XuJkIA1c2lDCLsk=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCHjxWsB/QxrLZbtqlu5uwuxFL6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp37nUeqNIvlvZkmNBB4JFnECDZW6sjB00PddQeVqlfz5kCrxC9IFQo0B5Wv/jAmqaDSEI617vleYoIMK8MIpzO3n2qaYDLBI9qzVGJBdZDNz52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroKMiaT1FBJFouilCMTo/x3NGSKEsOnlmCimL0VkTFWmBibUB6Cv/zyKmnXa75X8+8uqo2bIo4ynMApnIMPl9CAW2hCCwhM4Ble4c1JnBfn3flYtJacYuYY/sD5/AH7kY6r</latexit>
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<latexit sha1_base64="1wDswys1372ojUVeEL26ovpk3E4=">AAAB7nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LGgB48V7Ae0sWy2m3bpZhN2N0II/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+o7X1jc2t7cqOs7u3f3BYPTru6DhVlLVpLGLVC4hmgkvWNtwI1ksUI1EgWDeY3hR+94kpzWP5YLKE+REZSx5ySoyVunKYPTYcZ1ituXV3DrxKvJLUoERrWP0ajGKaRkwaKojWfc9NjJ8TZTgVbOYMUs0SQqdkzPqWShIx7efzc2f43CojHMbKljR4rv6eyEmkdRYFtjMiZqKXvUL8z+unJrz2cy6T1DBJF4vCVGAT4+J3POKKUSMySwhV3N6K6YQoQo1NqAjBW355lXQadc+te/eXteZtGUcFTuEMLsCDK2jCHbSgDRSm8Ayv8IYS9ILe0ceidQ2VMyfwB+jzB/0Zjqw=</latexit><latexit sha1_base64="1wDswys1372ojUVeEL26ovpk3E4=">AAAB7nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LGgB48V7Ae0sWy2m3bpZhN2N0II/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+o7X1jc2t7cqOs7u3f3BYPTru6DhVlLVpLGLVC4hmgkvWNtwI1ksUI1EgWDeY3hR+94kpzWP5YLKE+REZSx5ySoyVunKYPTYcZ1ituXV3DrxKvJLUoERrWP0ajGKaRkwaKojWfc9NjJ8TZTgVbOYMUs0SQqdkzPqWShIx7efzc2f43CojHMbKljR4rv6eyEmkdRYFtjMiZqKXvUL8z+unJrz2cy6T1DBJF4vCVGAT4+J3POKKUSMySwhV3N6K6YQoQo1NqAjBW355lXQadc+te/eXteZtGUcFTuEMLsCDK2jCHbSgDRSm8Ayv8IYS9ILe0ceidQ2VMyfwB+jzB/0Zjqw=</latexit><latexit sha1_base64="1wDswys1372ojUVeEL26ovpk3E4=">AAAB7nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LGgB48V7Ae0sWy2m3bpZhN2N0II/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+o7X1jc2t7cqOs7u3f3BYPTru6DhVlLVpLGLVC4hmgkvWNtwI1ksUI1EgWDeY3hR+94kpzWP5YLKE+REZSx5ySoyVunKYPTYcZ1ituXV3DrxKvJLUoERrWP0ajGKaRkwaKojWfc9NjJ8TZTgVbOYMUs0SQqdkzPqWShIx7efzc2f43CojHMbKljR4rv6eyEmkdRYFtjMiZqKXvUL8z+unJrz2cy6T1DBJF4vCVGAT4+J3POKKUSMySwhV3N6K6YQoQo1NqAjBW355lXQadc+te/eXteZtGUcFTuEMLsCDK2jCHbSgDRSm8Ayv8IYS9ILe0ceidQ2VMyfwB+jzB/0Zjqw=</latexit><latexit sha1_base64="1wDswys1372ojUVeEL26ovpk3E4=">AAAB7nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LGgB48V7Ae0sWy2m3bpZhN2N0II/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+o7X1jc2t7cqOs7u3f3BYPTru6DhVlLVpLGLVC4hmgkvWNtwI1ksUI1EgWDeY3hR+94kpzWP5YLKE+REZSx5ySoyVunKYPTYcZ1ituXV3DrxKvJLUoERrWP0ajGKaRkwaKojWfc9NjJ8TZTgVbOYMUs0SQqdkzPqWShIx7efzc2f43CojHMbKljR4rv6eyEmkdRYFtjMiZqKXvUL8z+unJrz2cy6T1DBJF4vCVGAT4+J3POKKUSMySwhV3N6K6YQoQo1NqAjBW355lXQadc+te/eXteZtGUcFTuEMLsCDK2jCHbSgDRSm8Ayv8IYS9ILe0ceidQ2VMyfwB+jzB/0Zjqw=</latexit>
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<latexit sha1_base64="tocGS1/Lhv6xd87/vkoQ7ELdtmI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjQg8cK9gPapWTTbBubTZYkKy5L/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7RV3t7Z3duvHBy2jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx9dRvPzJtuJL3NktYEJOh5BGnxDqpJfv5UzbpV6pezZsBLxO/IFUo0OhXvnoDRdOYSUsFMabre4kNcqItp4JNyr3UsITQMRmyrqOSxMwE+ezaCT51ygBHSruSFs/U3xM5iY3J4tB1xsSOzKI3Ff/zuqmNroKcyyS1TNL5oigV2Co8fR0PuGbUiswRQjV3t2I6IppQ6wIquxD8xZeXSeu85ns1/+6iWr8p4ijBMZzAGfhwCXW4hQY0gcIDPMMrvCGFXtA7+pi3rqBi5gj+AH3+AAwaj24=</latexit><latexit sha1_base64="tocGS1/Lhv6xd87/vkoQ7ELdtmI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjQg8cK9gPapWTTbBubTZYkKy5L/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7RV3t7Z3duvHBy2jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx9dRvPzJtuJL3NktYEJOh5BGnxDqpJfv5UzbpV6pezZsBLxO/IFUo0OhXvnoDRdOYSUsFMabre4kNcqItp4JNyr3UsITQMRmyrqOSxMwE+ezaCT51ygBHSruSFs/U3xM5iY3J4tB1xsSOzKI3Ff/zuqmNroKcyyS1TNL5oigV2Co8fR0PuGbUiswRQjV3t2I6IppQ6wIquxD8xZeXSeu85ns1/+6iWr8p4ijBMZzAGfhwCXW4hQY0gcIDPMMrvCGFXtA7+pi3rqBi5gj+AH3+AAwaj24=</latexit><latexit sha1_base64="tocGS1/Lhv6xd87/vkoQ7ELdtmI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjQg8cK9gPapWTTbBubTZYkKy5L/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7RV3t7Z3duvHBy2jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx9dRvPzJtuJL3NktYEJOh5BGnxDqpJfv5UzbpV6pezZsBLxO/IFUo0OhXvnoDRdOYSUsFMabre4kNcqItp4JNyr3UsITQMRmyrqOSxMwE+ezaCT51ygBHSruSFs/U3xM5iY3J4tB1xsSOzKI3Ff/zuqmNroKcyyS1TNL5oigV2Co8fR0PuGbUiswRQjV3t2I6IppQ6wIquxD8xZeXSeu85ns1/+6iWr8p4ijBMZzAGfhwCXW4hQY0gcIDPMMrvCGFXtA7+pi3rqBi5gj+AH3+AAwaj24=</latexit><latexit sha1_base64="tocGS1/Lhv6xd87/vkoQ7ELdtmI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjQg8cK9gPapWTTbBubTZYkKy5L/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7RV3t7Z3duvHBy2jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx9dRvPzJtuJL3NktYEJOh5BGnxDqpJfv5UzbpV6pezZsBLxO/IFUo0OhXvnoDRdOYSUsFMabre4kNcqItp4JNyr3UsITQMRmyrqOSxMwE+ezaCT51ygBHSruSFs/U3xM5iY3J4tB1xsSOzKI3Ff/zuqmNroKcyyS1TNL5oigV2Co8fR0PuGbUiswRQjV3t2I6IppQ6wIquxD8xZeXSeu85ns1/+6iWr8p4ijBMZzAGfhwCXW4hQY0gcIDPMMrvCGFXtA7+pi3rqBi5gj+AH3+AAwaj24=</latexit>
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<latexit sha1_base64="dI1aqs+ca1q1XuJkIA1c2lDCLsk=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCHjxWsB/QxrLZbtqlu5uwuxFL6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp37nUeqNIvlvZkmNBB4JFnECDZW6sjB00PddQeVqlfz5kCrxC9IFQo0B5Wv/jAmqaDSEI617vleYoIMK8MIpzO3n2qaYDLBI9qzVGJBdZDNz52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroKMiaT1FBJFouilCMTo/x3NGSKEsOnlmCimL0VkTFWmBibUB6Cv/zyKmnXa75X8+8uqo2bIo4ynMApnIMPl9CAW2hCCwhM4Ble4c1JnBfn3flYtJacYuYY/sD5/AH7kY6r</latexit><latexit sha1_base64="dI1aqs+ca1q1XuJkIA1c2lDCLsk=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCHjxWsB/QxrLZbtqlu5uwuxFL6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp37nUeqNIvlvZkmNBB4JFnECDZW6sjB00PddQeVqlfz5kCrxC9IFQo0B5Wv/jAmqaDSEI617vleYoIMK8MIpzO3n2qaYDLBI9qzVGJBdZDNz52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroKMiaT1FBJFouilCMTo/x3NGSKEsOnlmCimL0VkTFWmBibUB6Cv/zyKmnXa75X8+8uqo2bIo4ynMApnIMPl9CAW2hCCwhM4Ble4c1JnBfn3flYtJacYuYY/sD5/AH7kY6r</latexit><latexit sha1_base64="dI1aqs+ca1q1XuJkIA1c2lDCLsk=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCHjxWsB/QxrLZbtqlu5uwuxFL6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp37nUeqNIvlvZkmNBB4JFnECDZW6sjB00PddQeVqlfz5kCrxC9IFQo0B5Wv/jAmqaDSEI617vleYoIMK8MIpzO3n2qaYDLBI9qzVGJBdZDNz52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroKMiaT1FBJFouilCMTo/x3NGSKEsOnlmCimL0VkTFWmBibUB6Cv/zyKmnXa75X8+8uqo2bIo4ynMApnIMPl9CAW2hCCwhM4Ble4c1JnBfn3flYtJacYuYY/sD5/AH7kY6r</latexit><latexit sha1_base64="dI1aqs+ca1q1XuJkIA1c2lDCLsk=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCHjxWsB/QxrLZbtqlu5uwuxFL6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp37nUeqNIvlvZkmNBB4JFnECDZW6sjB00PddQeVqlfz5kCrxC9IFQo0B5Wv/jAmqaDSEI617vleYoIMK8MIpzO3n2qaYDLBI9qzVGJBdZDNz52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroKMiaT1FBJFouilCMTo/x3NGSKEsOnlmCimL0VkTFWmBibUB6Cv/zyKmnXa75X8+8uqo2bIo4ynMApnIMPl9CAW2hCCwhM4Ble4c1JnBfn3flYtJacYuYY/sD5/AH7kY6r</latexit>

n2
y

<latexit sha1_base64="1wDswys1372ojUVeEL26ovpk3E4=">AAAB7nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LGgB48V7Ae0sWy2m3bpZhN2N0II/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+o7X1jc2t7cqOs7u3f3BYPTru6DhVlLVpLGLVC4hmgkvWNtwI1ksUI1EgWDeY3hR+94kpzWP5YLKE+REZSx5ySoyVunKYPTYcZ1ituXV3DrxKvJLUoERrWP0ajGKaRkwaKojWfc9NjJ8TZTgVbOYMUs0SQqdkzPqWShIx7efzc2f43CojHMbKljR4rv6eyEmkdRYFtjMiZqKXvUL8z+unJrz2cy6T1DBJF4vCVGAT4+J3POKKUSMySwhV3N6K6YQoQo1NqAjBW355lXQadc+te/eXteZtGUcFTuEMLsCDK2jCHbSgDRSm8Ayv8IYS9ILe0ceidQ2VMyfwB+jzB/0Zjqw=</latexit><latexit sha1_base64="1wDswys1372ojUVeEL26ovpk3E4=">AAAB7nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LGgB48V7Ae0sWy2m3bpZhN2N0II/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+o7X1jc2t7cqOs7u3f3BYPTru6DhVlLVpLGLVC4hmgkvWNtwI1ksUI1EgWDeY3hR+94kpzWP5YLKE+REZSx5ySoyVunKYPTYcZ1ituXV3DrxKvJLUoERrWP0ajGKaRkwaKojWfc9NjJ8TZTgVbOYMUs0SQqdkzPqWShIx7efzc2f43CojHMbKljR4rv6eyEmkdRYFtjMiZqKXvUL8z+unJrz2cy6T1DBJF4vCVGAT4+J3POKKUSMySwhV3N6K6YQoQo1NqAjBW355lXQadc+te/eXteZtGUcFTuEMLsCDK2jCHbSgDRSm8Ayv8IYS9ILe0ceidQ2VMyfwB+jzB/0Zjqw=</latexit><latexit sha1_base64="1wDswys1372ojUVeEL26ovpk3E4=">AAAB7nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LGgB48V7Ae0sWy2m3bpZhN2N0II/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+o7X1jc2t7cqOs7u3f3BYPTru6DhVlLVpLGLVC4hmgkvWNtwI1ksUI1EgWDeY3hR+94kpzWP5YLKE+REZSx5ySoyVunKYPTYcZ1ituXV3DrxKvJLUoERrWP0ajGKaRkwaKojWfc9NjJ8TZTgVbOYMUs0SQqdkzPqWShIx7efzc2f43CojHMbKljR4rv6eyEmkdRYFtjMiZqKXvUL8z+unJrz2cy6T1DBJF4vCVGAT4+J3POKKUSMySwhV3N6K6YQoQo1NqAjBW355lXQadc+te/eXteZtGUcFTuEMLsCDK2jCHbSgDRSm8Ayv8IYS9ILe0ceidQ2VMyfwB+jzB/0Zjqw=</latexit><latexit sha1_base64="1wDswys1372ojUVeEL26ovpk3E4=">AAAB7nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LGgB48V7Ae0sWy2m3bpZhN2N0II/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+o7X1jc2t7cqOs7u3f3BYPTru6DhVlLVpLGLVC4hmgkvWNtwI1ksUI1EgWDeY3hR+94kpzWP5YLKE+REZSx5ySoyVunKYPTYcZ1ituXV3DrxKvJLUoERrWP0ajGKaRkwaKojWfc9NjJ8TZTgVbOYMUs0SQqdkzPqWShIx7efzc2f43CojHMbKljR4rv6eyEmkdRYFtjMiZqKXvUL8z+unJrz2cy6T1DBJF4vCVGAT4+J3POKKUSMySwhV3N6K6YQoQo1NqAjBW355lXQadc+te/eXteZtGUcFTuEMLsCDK2jCHbSgDRSm8Ayv8IYS9ILe0ceidQ2VMyfwB+jzB/0Zjqw=</latexit>
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<latexit sha1_base64="tocGS1/Lhv6xd87/vkoQ7ELdtmI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjQg8cK9gPapWTTbBubTZYkKy5L/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7RV3t7Z3duvHBy2jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx9dRvPzJtuJL3NktYEJOh5BGnxDqpJfv5UzbpV6pezZsBLxO/IFUo0OhXvnoDRdOYSUsFMabre4kNcqItp4JNyr3UsITQMRmyrqOSxMwE+ezaCT51ygBHSruSFs/U3xM5iY3J4tB1xsSOzKI3Ff/zuqmNroKcyyS1TNL5oigV2Co8fR0PuGbUiswRQjV3t2I6IppQ6wIquxD8xZeXSeu85ns1/+6iWr8p4ijBMZzAGfhwCXW4hQY0gcIDPMMrvCGFXtA7+pi3rqBi5gj+AH3+AAwaj24=</latexit><latexit sha1_base64="tocGS1/Lhv6xd87/vkoQ7ELdtmI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjQg8cK9gPapWTTbBubTZYkKy5L/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7RV3t7Z3duvHBy2jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx9dRvPzJtuJL3NktYEJOh5BGnxDqpJfv5UzbpV6pezZsBLxO/IFUo0OhXvnoDRdOYSUsFMabre4kNcqItp4JNyr3UsITQMRmyrqOSxMwE+ezaCT51ygBHSruSFs/U3xM5iY3J4tB1xsSOzKI3Ff/zuqmNroKcyyS1TNL5oigV2Co8fR0PuGbUiswRQjV3t2I6IppQ6wIquxD8xZeXSeu85ns1/+6iWr8p4ijBMZzAGfhwCXW4hQY0gcIDPMMrvCGFXtA7+pi3rqBi5gj+AH3+AAwaj24=</latexit><latexit sha1_base64="tocGS1/Lhv6xd87/vkoQ7ELdtmI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjQg8cK9gPapWTTbBubTZYkKy5L/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7RV3t7Z3duvHBy2jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx9dRvPzJtuJL3NktYEJOh5BGnxDqpJfv5UzbpV6pezZsBLxO/IFUo0OhXvnoDRdOYSUsFMabre4kNcqItp4JNyr3UsITQMRmyrqOSxMwE+ezaCT51ygBHSruSFs/U3xM5iY3J4tB1xsSOzKI3Ff/zuqmNroKcyyS1TNL5oigV2Co8fR0PuGbUiswRQjV3t2I6IppQ6wIquxD8xZeXSeu85ns1/+6iWr8p4ijBMZzAGfhwCXW4hQY0gcIDPMMrvCGFXtA7+pi3rqBi5gj+AH3+AAwaj24=</latexit><latexit sha1_base64="tocGS1/Lhv6xd87/vkoQ7ELdtmI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjQg8cK9gPapWTTbBubTZYkKy5L/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7RV3t7Z3duvHBy2jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx9dRvPzJtuJL3NktYEJOh5BGnxDqpJfv5UzbpV6pezZsBLxO/IFUo0OhXvnoDRdOYSUsFMabre4kNcqItp4JNyr3UsITQMRmyrqOSxMwE+ezaCT51ygBHSruSFs/U3xM5iY3J4tB1xsSOzKI3Ff/zuqmNroKcyyS1TNL5oigV2Co8fR0PuGbUiswRQjV3t2I6IppQ6wIquxD8xZeXSeu85ns1/+6iWr8p4ijBMZzAGfhwCXW4hQY0gcIDPMMrvCGFXtA7+pi3rqBi5gj+AH3+AAwaj24=</latexit>
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<latexit sha1_base64="Wl+100tnJeXZiJRCW2pupo+TjdU=">AAACJ3icbVDLSsNAFJ34Nr6qLt0MFsVVSYqgKxF04bKCfUBTw2RyUwcnkzAzkYbQv3Hjr7gRVESX/onTNohaDwwczjmXufcEKWdKO86HNTM7N7+wuLRsr6yurW9UNrdaKskkhSZNeCI7AVHAmYCmZppDJ5VA4oBDO7g9G/ntO5CKJeJK5yn0YtIXLGKUaCP5lRMvgD4TRRoTLdlgaAt/cF3H+1j4xSAfYs+zSzaS8uu67YEIv+N+perUnDHwNHFLUkUlGn7l2QsTmsUgNOVEqa7rpLpXEKkZ5TC0vUxBSugt6UPXUEFiUL1ifOcQ7xklxFEizRMaj9WfEwWJlcrjwCTNfjfqrzcS//O6mY6OewUTaaZB0MlHUcaxTvCoNBwyCVTz3BBCJTO7YnpDJKHaVGubEty/J0+TVr3mOjX38rB6el7WsYR20C46QC46QqfoAjVQE1F0jx7RC3q1Hqwn6816n0RnrHJmG/2C9fkFxiql4A==</latexit><latexit sha1_base64="Wl+100tnJeXZiJRCW2pupo+TjdU=">AAACJ3icbVDLSsNAFJ34Nr6qLt0MFsVVSYqgKxF04bKCfUBTw2RyUwcnkzAzkYbQv3Hjr7gRVESX/onTNohaDwwczjmXufcEKWdKO86HNTM7N7+wuLRsr6yurW9UNrdaKskkhSZNeCI7AVHAmYCmZppDJ5VA4oBDO7g9G/ntO5CKJeJK5yn0YtIXLGKUaCP5lRMvgD4TRRoTLdlgaAt/cF3H+1j4xSAfYs+zSzaS8uu67YEIv+N+perUnDHwNHFLUkUlGn7l2QsTmsUgNOVEqa7rpLpXEKkZ5TC0vUxBSugt6UPXUEFiUL1ifOcQ7xklxFEizRMaj9WfEwWJlcrjwCTNfjfqrzcS//O6mY6OewUTaaZB0MlHUcaxTvCoNBwyCVTz3BBCJTO7YnpDJKHaVGubEty/J0+TVr3mOjX38rB6el7WsYR20C46QC46QqfoAjVQE1F0jx7RC3q1Hqwn6816n0RnrHJmG/2C9fkFxiql4A==</latexit><latexit sha1_base64="Wl+100tnJeXZiJRCW2pupo+TjdU=">AAACJ3icbVDLSsNAFJ34Nr6qLt0MFsVVSYqgKxF04bKCfUBTw2RyUwcnkzAzkYbQv3Hjr7gRVESX/onTNohaDwwczjmXufcEKWdKO86HNTM7N7+wuLRsr6yurW9UNrdaKskkhSZNeCI7AVHAmYCmZppDJ5VA4oBDO7g9G/ntO5CKJeJK5yn0YtIXLGKUaCP5lRMvgD4TRRoTLdlgaAt/cF3H+1j4xSAfYs+zSzaS8uu67YEIv+N+perUnDHwNHFLUkUlGn7l2QsTmsUgNOVEqa7rpLpXEKkZ5TC0vUxBSugt6UPXUEFiUL1ifOcQ7xklxFEizRMaj9WfEwWJlcrjwCTNfjfqrzcS//O6mY6OewUTaaZB0MlHUcaxTvCoNBwyCVTz3BBCJTO7YnpDJKHaVGubEty/J0+TVr3mOjX38rB6el7WsYR20C46QC46QqfoAjVQE1F0jx7RC3q1Hqwn6816n0RnrHJmG/2C9fkFxiql4A==</latexit><latexit sha1_base64="Wl+100tnJeXZiJRCW2pupo+TjdU=">AAACJ3icbVDLSsNAFJ34Nr6qLt0MFsVVSYqgKxF04bKCfUBTw2RyUwcnkzAzkYbQv3Hjr7gRVESX/onTNohaDwwczjmXufcEKWdKO86HNTM7N7+wuLRsr6yurW9UNrdaKskkhSZNeCI7AVHAmYCmZppDJ5VA4oBDO7g9G/ntO5CKJeJK5yn0YtIXLGKUaCP5lRMvgD4TRRoTLdlgaAt/cF3H+1j4xSAfYs+zSzaS8uu67YEIv+N+perUnDHwNHFLUkUlGn7l2QsTmsUgNOVEqa7rpLpXEKkZ5TC0vUxBSugt6UPXUEFiUL1ifOcQ7xklxFEizRMaj9WfEwWJlcrjwCTNfjfqrzcS//O6mY6OewUTaaZB0MlHUcaxTvCoNBwyCVTz3BBCJTO7YnpDJKHaVGubEty/J0+TVr3mOjX38rB6el7WsYR20C46QC46QqfoAjVQE1F0jx7RC3q1Hqwn6816n0RnrHJmG/2C9fkFxiql4A==</latexit>
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<latexit sha1_base64="FnUNJMhWUP5HW0C2BvlgIUd7las=">AAACHXicbVDLSgMxFM34rONr1KWbYFFclZlS0GVBFy4r2Ad02iGT3rahmcyQZIpl6I+48VfcuFDEhRvxb0wfiLYeCBzOOZfce8KEM6Vd98taWV1b39jMbdnbO7t7+87BYU3FqaRQpTGPZSMkCjgTUNVMc2gkEkgUcqiHg6uJXx+CVCwWd3qUQCsiPcG6jBJtpMAp+SH0mMiSiGjJ7se2CNJ2EZ9hF/u+7RoigmG7aPsgOj+hwMm7BXcKvEy8OcmjOSqB8+F3YppGIDTlRKmm5ya6lRGpGeUwtv1UQULogPSgaaggEahWNr1ujE+N0sHdWJonNJ6qvycyEik1ikKTNPv11aI3Ef/zmqnuXrYyJpJUg6Czj7opxzrGk6pwh0mgmo8MIVQysyumfSIJ1aZQ25TgLZ68TGrFgucWvNtSvnw9ryOHjtEJOkceukBldIMqqIooekBP6AW9Wo/Ws/Vmvc+iK9Z85gj9gfX5Da5RoGo=</latexit><latexit sha1_base64="FnUNJMhWUP5HW0C2BvlgIUd7las=">AAACHXicbVDLSgMxFM34rONr1KWbYFFclZlS0GVBFy4r2Ad02iGT3rahmcyQZIpl6I+48VfcuFDEhRvxb0wfiLYeCBzOOZfce8KEM6Vd98taWV1b39jMbdnbO7t7+87BYU3FqaRQpTGPZSMkCjgTUNVMc2gkEkgUcqiHg6uJXx+CVCwWd3qUQCsiPcG6jBJtpMAp+SH0mMiSiGjJ7se2CNJ2EZ9hF/u+7RoigmG7aPsgOj+hwMm7BXcKvEy8OcmjOSqB8+F3YppGIDTlRKmm5ya6lRGpGeUwtv1UQULogPSgaaggEahWNr1ujE+N0sHdWJonNJ6qvycyEik1ikKTNPv11aI3Ef/zmqnuXrYyJpJUg6Czj7opxzrGk6pwh0mgmo8MIVQysyumfSIJ1aZQ25TgLZ68TGrFgucWvNtSvnw9ryOHjtEJOkceukBldIMqqIooekBP6AW9Wo/Ws/Vmvc+iK9Z85gj9gfX5Da5RoGo=</latexit><latexit sha1_base64="FnUNJMhWUP5HW0C2BvlgIUd7las=">AAACHXicbVDLSgMxFM34rONr1KWbYFFclZlS0GVBFy4r2Ad02iGT3rahmcyQZIpl6I+48VfcuFDEhRvxb0wfiLYeCBzOOZfce8KEM6Vd98taWV1b39jMbdnbO7t7+87BYU3FqaRQpTGPZSMkCjgTUNVMc2gkEkgUcqiHg6uJXx+CVCwWd3qUQCsiPcG6jBJtpMAp+SH0mMiSiGjJ7se2CNJ2EZ9hF/u+7RoigmG7aPsgOj+hwMm7BXcKvEy8OcmjOSqB8+F3YppGIDTlRKmm5ya6lRGpGeUwtv1UQULogPSgaaggEahWNr1ujE+N0sHdWJonNJ6qvycyEik1ikKTNPv11aI3Ef/zmqnuXrYyJpJUg6Czj7opxzrGk6pwh0mgmo8MIVQysyumfSIJ1aZQ25TgLZ68TGrFgucWvNtSvnw9ryOHjtEJOkceukBldIMqqIooekBP6AW9Wo/Ws/Vmvc+iK9Z85gj9gfX5Da5RoGo=</latexit><latexit sha1_base64="FnUNJMhWUP5HW0C2BvlgIUd7las=">AAACHXicbVDLSgMxFM34rONr1KWbYFFclZlS0GVBFy4r2Ad02iGT3rahmcyQZIpl6I+48VfcuFDEhRvxb0wfiLYeCBzOOZfce8KEM6Vd98taWV1b39jMbdnbO7t7+87BYU3FqaRQpTGPZSMkCjgTUNVMc2gkEkgUcqiHg6uJXx+CVCwWd3qUQCsiPcG6jBJtpMAp+SH0mMiSiGjJ7se2CNJ2EZ9hF/u+7RoigmG7aPsgOj+hwMm7BXcKvEy8OcmjOSqB8+F3YppGIDTlRKmm5ya6lRGpGeUwtv1UQULogPSgaaggEahWNr1ujE+N0sHdWJonNJ6qvycyEik1ikKTNPv11aI3Ef/zmqnuXrYyJpJUg6Czj7opxzrGk6pwh0mgmo8MIVQysyumfSIJ1aZQ25TgLZ68TGrFgucWvNtSvnw9ryOHjtEJOkceukBldIMqqIooekBP6AW9Wo/Ws/Vmvc+iK9Z85gj9gfX5Da5RoGo=</latexit>

Slopes temporal auto-correlation Slopes temporal cross-correlation
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<latexit sha1_base64="dI1aqs+ca1q1XuJkIA1c2lDCLsk=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCHjxWsB/QxrLZbtqlu5uwuxFL6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp37nUeqNIvlvZkmNBB4JFnECDZW6sjB00PddQeVqlfz5kCrxC9IFQo0B5Wv/jAmqaDSEI617vleYoIMK8MIpzO3n2qaYDLBI9qzVGJBdZDNz52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroKMiaT1FBJFouilCMTo/x3NGSKEsOnlmCimL0VkTFWmBibUB6Cv/zyKmnXa75X8+8uqo2bIo4ynMApnIMPl9CAW2hCCwhM4Ble4c1JnBfn3flYtJacYuYY/sD5/AH7kY6r</latexit><latexit sha1_base64="dI1aqs+ca1q1XuJkIA1c2lDCLsk=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCHjxWsB/QxrLZbtqlu5uwuxFL6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp37nUeqNIvlvZkmNBB4JFnECDZW6sjB00PddQeVqlfz5kCrxC9IFQo0B5Wv/jAmqaDSEI617vleYoIMK8MIpzO3n2qaYDLBI9qzVGJBdZDNz52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroKMiaT1FBJFouilCMTo/x3NGSKEsOnlmCimL0VkTFWmBibUB6Cv/zyKmnXa75X8+8uqo2bIo4ynMApnIMPl9CAW2hCCwhM4Ble4c1JnBfn3flYtJacYuYY/sD5/AH7kY6r</latexit><latexit sha1_base64="dI1aqs+ca1q1XuJkIA1c2lDCLsk=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCHjxWsB/QxrLZbtqlu5uwuxFL6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp37nUeqNIvlvZkmNBB4JFnECDZW6sjB00PddQeVqlfz5kCrxC9IFQo0B5Wv/jAmqaDSEI617vleYoIMK8MIpzO3n2qaYDLBI9qzVGJBdZDNz52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroKMiaT1FBJFouilCMTo/x3NGSKEsOnlmCimL0VkTFWmBibUB6Cv/zyKmnXa75X8+8uqo2bIo4ynMApnIMPl9CAW2hCCwhM4Ble4c1JnBfn3flYtJacYuYY/sD5/AH7kY6r</latexit><latexit sha1_base64="dI1aqs+ca1q1XuJkIA1c2lDCLsk=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCHjxWsB/QxrLZbtqlu5uwuxFL6I/w4kERr/4eb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp37nUeqNIvlvZkmNBB4JFnECDZW6sjB00PddQeVqlfz5kCrxC9IFQo0B5Wv/jAmqaDSEI617vleYoIMK8MIpzO3n2qaYDLBI9qzVGJBdZDNz52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroKMiaT1FBJFouilCMTo/x3NGSKEsOnlmCimL0VkTFWmBibUB6Cv/zyKmnXa75X8+8uqo2bIo4ynMApnIMPl9CAW2hCCwhM4Ble4c1JnBfn3flYtJacYuYY/sD5/AH7kY6r</latexit>

n2
y

<latexit sha1_base64="1wDswys1372ojUVeEL26ovpk3E4=">AAAB7nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LGgB48V7Ae0sWy2m3bpZhN2N0II/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+o7X1jc2t7cqOs7u3f3BYPTru6DhVlLVpLGLVC4hmgkvWNtwI1ksUI1EgWDeY3hR+94kpzWP5YLKE+REZSx5ySoyVunKYPTYcZ1ituXV3DrxKvJLUoERrWP0ajGKaRkwaKojWfc9NjJ8TZTgVbOYMUs0SQqdkzPqWShIx7efzc2f43CojHMbKljR4rv6eyEmkdRYFtjMiZqKXvUL8z+unJrz2cy6T1DBJF4vCVGAT4+J3POKKUSMySwhV3N6K6YQoQo1NqAjBW355lXQadc+te/eXteZtGUcFTuEMLsCDK2jCHbSgDRSm8Ayv8IYS9ILe0ceidQ2VMyfwB+jzB/0Zjqw=</latexit><latexit sha1_base64="1wDswys1372ojUVeEL26ovpk3E4=">AAAB7nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LGgB48V7Ae0sWy2m3bpZhN2N0II/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+o7X1jc2t7cqOs7u3f3BYPTru6DhVlLVpLGLVC4hmgkvWNtwI1ksUI1EgWDeY3hR+94kpzWP5YLKE+REZSx5ySoyVunKYPTYcZ1ituXV3DrxKvJLUoERrWP0ajGKaRkwaKojWfc9NjJ8TZTgVbOYMUs0SQqdkzPqWShIx7efzc2f43CojHMbKljR4rv6eyEmkdRYFtjMiZqKXvUL8z+unJrz2cy6T1DBJF4vCVGAT4+J3POKKUSMySwhV3N6K6YQoQo1NqAjBW355lXQadc+te/eXteZtGUcFTuEMLsCDK2jCHbSgDRSm8Ayv8IYS9ILe0ceidQ2VMyfwB+jzB/0Zjqw=</latexit><latexit sha1_base64="1wDswys1372ojUVeEL26ovpk3E4=">AAAB7nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LGgB48V7Ae0sWy2m3bpZhN2N0II/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+o7X1jc2t7cqOs7u3f3BYPTru6DhVlLVpLGLVC4hmgkvWNtwI1ksUI1EgWDeY3hR+94kpzWP5YLKE+REZSx5ySoyVunKYPTYcZ1ituXV3DrxKvJLUoERrWP0ajGKaRkwaKojWfc9NjJ8TZTgVbOYMUs0SQqdkzPqWShIx7efzc2f43CojHMbKljR4rv6eyEmkdRYFtjMiZqKXvUL8z+unJrz2cy6T1DBJF4vCVGAT4+J3POKKUSMySwhV3N6K6YQoQo1NqAjBW355lXQadc+te/eXteZtGUcFTuEMLsCDK2jCHbSgDRSm8Ayv8IYS9ILe0ceidQ2VMyfwB+jzB/0Zjqw=</latexit><latexit sha1_base64="1wDswys1372ojUVeEL26ovpk3E4=">AAAB7nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LGgB48V7Ae0sWy2m3bpZhN2N0II/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+o7X1jc2t7cqOs7u3f3BYPTru6DhVlLVpLGLVC4hmgkvWNtwI1ksUI1EgWDeY3hR+94kpzWP5YLKE+REZSx5ySoyVunKYPTYcZ1ituXV3DrxKvJLUoERrWP0ajGKaRkwaKojWfc9NjJ8TZTgVbOYMUs0SQqdkzPqWShIx7efzc2f43CojHMbKljR4rv6eyEmkdRYFtjMiZqKXvUL8z+unJrz2cy6T1DBJF4vCVGAT4+J3POKKUSMySwhV3N6K6YQoQo1NqAjBW355lXQadc+te/eXteZtGUcFTuEMLsCDK2jCHbSgDRSm8Ayv8IYS9ILe0ceidQ2VMyfwB+jzB/0Zjqw=</latexit>
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<latexit sha1_base64="tocGS1/Lhv6xd87/vkoQ7ELdtmI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjQg8cK9gPapWTTbBubTZYkKy5L/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7RV3t7Z3duvHBy2jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx9dRvPzJtuJL3NktYEJOh5BGnxDqpJfv5UzbpV6pezZsBLxO/IFUo0OhXvnoDRdOYSUsFMabre4kNcqItp4JNyr3UsITQMRmyrqOSxMwE+ezaCT51ygBHSruSFs/U3xM5iY3J4tB1xsSOzKI3Ff/zuqmNroKcyyS1TNL5oigV2Co8fR0PuGbUiswRQjV3t2I6IppQ6wIquxD8xZeXSeu85ns1/+6iWr8p4ijBMZzAGfhwCXW4hQY0gcIDPMMrvCGFXtA7+pi3rqBi5gj+AH3+AAwaj24=</latexit><latexit sha1_base64="tocGS1/Lhv6xd87/vkoQ7ELdtmI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjQg8cK9gPapWTTbBubTZYkKy5L/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7RV3t7Z3duvHBy2jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx9dRvPzJtuJL3NktYEJOh5BGnxDqpJfv5UzbpV6pezZsBLxO/IFUo0OhXvnoDRdOYSUsFMabre4kNcqItp4JNyr3UsITQMRmyrqOSxMwE+ezaCT51ygBHSruSFs/U3xM5iY3J4tB1xsSOzKI3Ff/zuqmNroKcyyS1TNL5oigV2Co8fR0PuGbUiswRQjV3t2I6IppQ6wIquxD8xZeXSeu85ns1/+6iWr8p4ijBMZzAGfhwCXW4hQY0gcIDPMMrvCGFXtA7+pi3rqBi5gj+AH3+AAwaj24=</latexit><latexit sha1_base64="tocGS1/Lhv6xd87/vkoQ7ELdtmI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjQg8cK9gPapWTTbBubTZYkKy5L/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7RV3t7Z3duvHBy2jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx9dRvPzJtuJL3NktYEJOh5BGnxDqpJfv5UzbpV6pezZsBLxO/IFUo0OhXvnoDRdOYSUsFMabre4kNcqItp4JNyr3UsITQMRmyrqOSxMwE+ezaCT51ygBHSruSFs/U3xM5iY3J4tB1xsSOzKI3Ff/zuqmNroKcyyS1TNL5oigV2Co8fR0PuGbUiswRQjV3t2I6IppQ6wIquxD8xZeXSeu85ns1/+6iWr8p4ijBMZzAGfhwCXW4hQY0gcIDPMMrvCGFXtA7+pi3rqBi5gj+AH3+AAwaj24=</latexit><latexit sha1_base64="tocGS1/Lhv6xd87/vkoQ7ELdtmI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjQg8cK9gPapWTTbBubTZYkKy5L/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7RV3t7Z3duvHBy2jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx9dRvPzJtuJL3NktYEJOh5BGnxDqpJfv5UzbpV6pezZsBLxO/IFUo0OhXvnoDRdOYSUsFMabre4kNcqItp4JNyr3UsITQMRmyrqOSxMwE+ezaCT51ygBHSruSFs/U3xM5iY3J4tB1xsSOzKI3Ff/zuqmNroKcyyS1TNL5oigV2Co8fR0PuGbUiswRQjV3t2I6IppQ6wIquxD8xZeXSeu85ns1/+6iWr8p4ijBMZzAGfhwCXW4hQY0gcIDPMMrvCGFXtA7+pi3rqBi5gj+AH3+AAwaj24=</latexit>
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<latexit sha1_base64="8lAXCjro2ducludfSXTSGIFv0G4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CQFLx4rmLbQxrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dtbWNza3tks75d29/YPDytFxyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKvupnj/V+perW3DnIKvEKUoUCzX7lqzdIWBZzhUxSY7qem2KQU42CST4t9zLDU8rGdMi7lioacxPk82On5NwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhhdB7lQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+ZRtCN7yy6ukVa95bs27v6w2boo4SnAKZ3ABHlxBA+6gCT4wEPAMr/DmKOfFeXc+Fq1rTjFzAn/gfP4AiVOOeg==</latexit><latexit sha1_base64="8lAXCjro2ducludfSXTSGIFv0G4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CQFLx4rmLbQxrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dtbWNza3tks75d29/YPDytFxyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKvupnj/V+perW3DnIKvEKUoUCzX7lqzdIWBZzhUxSY7qem2KQU42CST4t9zLDU8rGdMi7lioacxPk82On5NwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhhdB7lQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+ZRtCN7yy6ukVa95bs27v6w2boo4SnAKZ3ABHlxBA+6gCT4wEPAMr/DmKOfFeXc+Fq1rTjFzAn/gfP4AiVOOeg==</latexit><latexit sha1_base64="8lAXCjro2ducludfSXTSGIFv0G4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CQFLx4rmLbQxrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dtbWNza3tks75d29/YPDytFxyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKvupnj/V+perW3DnIKvEKUoUCzX7lqzdIWBZzhUxSY7qem2KQU42CST4t9zLDU8rGdMi7lioacxPk82On5NwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhhdB7lQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+ZRtCN7yy6ukVa95bs27v6w2boo4SnAKZ3ABHlxBA+6gCT4wEPAMr/DmKOfFeXc+Fq1rTjFzAn/gfP4AiVOOeg==</latexit><latexit sha1_base64="8lAXCjro2ducludfSXTSGIFv0G4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CQFLx4rmLbQxrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dtbWNza3tks75d29/YPDytFxyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKvupnj/V+perW3DnIKvEKUoUCzX7lqzdIWBZzhUxSY7qem2KQU42CST4t9zLDU8rGdMi7lioacxPk82On5NwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhhdB7lQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+ZRtCN7yy6ukVa95bs27v6w2boo4SnAKZ3ABHlxBA+6gCT4wEPAMr/DmKOfFeXc+Fq1rTjFzAn/gfP4AiVOOeg==</latexit>

n2
v
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➤ Consistent noise 
behaviour

Slopes temporal auto-correlation Slopes temporal cross-correlation
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➤ Noise depends primarily on 
sodium profile and flux
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➤ Residual error reaches 0 nm rms 

➤ Variations linked to seeing



DYNAMIC RESIDUAL ERROR

haELGSi
COG

CORR

10 15 20 25

r0 (cm)

�50

0

50

100

150

200

250

300

�
E

L
G

S
(n

m
rm

s)

Sequence #

0

1

2

3

4

5

6

7

8

9

10

11

12

13

140 2 4 6 8 10 12 14

sequence #

0

100

200

300

�
E

L
G

S
n
m

rm
s

�23

⌦ �
2 �
�

↵ d
y
n

E
L
G
S

<latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit><latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit><latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit><latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit>

⌦ �
2 �
�

↵ d
y
n

E
L
G
S

<latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit><latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit><latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit><latexit sha1_base64="5hZhcnMwbXBQXJMWzvbDse+zg3k="></latexit>

➤ Residual error reaches 0 nm rms 

➤ Variations linked to seeing
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➤ Error rises when the FOV reduces 

➤ Error constant with pixel scale increase
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On sky LGS WFS 
reference slopes 
measurement
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➤ Error rises when the FOV reduces 

➤ Error constant with pixel scale increase



CONCLUSIONS AND PROSPECTS

➤ Conclusions: 

➤ Noise behaviour consistent with theory 

➤ Dynamic residual error close to 0 nm rms 

➤ Need TS to calibrate static terms on sky 

➤ Large pixels scales don’t impact the residual errors 

➤ Truncation of the spots leads to increase of residual errors 

➤ Prospects: 

➤ Deeper analyses of the residual errors 

➤ Full pupil simulations
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Thank you for your attention


