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Like the jelly beans in this jar, the Universe is mostly dark: about 96 percent consists of dark 
energy (about 73%) and dark matter (about 22%). Only about 4.6 percent (the same proportion 
as the lighter colored jelly beans) of the Universe—including the stars, planets and us—is made 
of familiar atomic matter. X-rays can help reveal the secrets of the darkness. X-ray astrophysics 
is crucial to our understanding not only of the Universe we see, but the quest to determine the 
physics of everything.

The Universe
Presented by NASA’s Chandra X-ray Observatory

National Aeronautics and Space Administration

www.nasa.gov

Energy Distribution of the Universe

DARK ENERGY 73% DARK MATTER22%

EVERYTHING ELSE, 
INCLUDING ALL STARS, 

PLANETS, AND US

4.6%

Download the Dark Universe podcast from 
http://chandra.harvard.edu/resources/podcasts/sd.html

HOW MANY JELLY BEANS FILL A ONE-LITER CONTAINER?

There are many possible calculations, but 
this is one:

How big is a jelly bean? 
A typical jelly bean would measure about  
2 cm long by about 1.5 cm in diameter.

Do jelly beans completely fill the 
container?

The irregular shape of jelly beans result 
in them not being tightly packed; 

approximately 80% of the volume of the 
bottle is filled.

The number of jelly beans is the occupied 
volume of the container divided by the 
volume of a single jelly bean.

Number of beans = (occupied volume of 
container)/(volume of 1 Bean)

The volume of one jelly bean is 
approximated by the volume of a small 

cylinder 2 cm long and 1.5 cm in diameter.

Volume of 1 Jelly Bean =  
pi x (1.5cm/2)^2 x 2 cm = 3.5 cubic 
centimeters

The approximate number of beans in the 
container is: 
Number of beans = (.80 x 1000 cubic 
centimeters)/(3.5 cubic centimeters) = 
approx 229 jelly beans

Credits: Jelly Bean Image: Fermilab; Pie Illustra-
tion: NASA/CXC/M.Weiss; Dark Energy: NASA/
STScI/G. Bacon; Dark Matter: 1E 0657-56: X-ray: 
NASA/CXC/CfA/M.Markevitch et al.; Optical: 
NASA/STScI; Magellan/U.Arizona/D.Clowe 
et al.; Lensing Map: NASA/STScI; ESO WFI; 
Magellan/U.Arizona/D.Clowe et al.; Observable 

Chandra X-ray Center        cxcpub@cfa.harvard.edu

Cosmos: Earth Aurora: NASA/MSFC/CXC/A.
Bhardwaj & R.Elsner, et al.; Earth model: NASA/
GSFC/L.Perkins & G.Shirah; NGC 4696: X-ray: 
NASA/CXC/KIPAC/S.Allen et al; Radio: NRAO/
VLA/G.Taylor; Infrared: NASA/ESA/McMaster 
Univ./W.Harris; Galaxy Clusters: Perseus Cluster: 
NASA/CXC/IoA/A.Fabian et al.; Supernovas: 

Harvard-Smithsonian Center for Astrophysics        60 Garden Street, Cambridge, MA

Cassiopeia A: NASA/CXC/MIT/UMass Amherst/
M.D.Stage et al.; Missing Baryons: Mkn 421 
Illustration: CXC/M.Weiss; Our Universe: M82: 
X-ray: NASA/CXC/JHU/D.Strickland; Optical: 
NASA/ESA/STScI/AURA/The Hubble Heritage 
Team; IR: NASA/JPL-Caltech/Univ. of AZ/C. 
Engelbracht
HTTP://CHANDRA.SI.EDU

Signatures: Galaxies’ rotation speed, Gas cluster 
collisions, CMB and formation of large structures…


We are missing most of the Universe
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Colliders

Astrophysical  
Observations

High-energy Scale

Probes of New Physics
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Probes of New Physics — Quantum Sensors

4

Low-energy Scale

Atom Interferometers 

« "Quantum sensing" describes the use of a quantum 
system, quantum properties or quantum phenomena 
to perform a measurement of a physical 
quantity… » 

C. L. Degen et al., Quantum Sensing, Rev. Mod. Phys. 89, 035002 (2017)

Atomic Clocks
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Mach-Zehnder-type Atom-interferometer

5

Sensing external potentials with atom interferometry 

P ∝ cos(Δϕ)

Δϕ = ⃗k ⋅ ⃗g T2

⃗k
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Population in output port 
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Mach-Zehnder-type Atom-interferometer

6

Sensing external potentials with atom interferometry 

P ∝ cos(Δϕ)

Δϕ = ⃗k ⋅ ⃗g T2

Large-baselines

⃗k



Naceur Gaaloul

Population in output port 

phase difference~g
<latexit sha1_base64="e4Oaaey9+eurnGgaitoZZbNcw4U="></latexit><latexit sha1_base64="e4Oaaey9+eurnGgaitoZZbNcw4U="></latexit><latexit sha1_base64="e4Oaaey9+eurnGgaitoZZbNcw4U="></latexit><latexit sha1_base64="e4Oaaey9+eurnGgaitoZZbNcw4U="></latexit>

t

z

T T

z0

⇡
<latexit sha1_base64="g9DiauvjWqIoqupXtcr+O+BP69o=">AAACDXicbVDLSsNAFJ34rPFVdekmGARXJSOCLotuXFa0D2hCmUwm7dCZSZiZVErIJ4g7/RJ34tZv8EPcO2mz0NYDA4dzzuXeOWHKqNKe92WtrK6tb2zWtuztnd29/frBYUclmcSkjROWyF6IFGFUkLammpFeKgniISPdcHxT+t0JkYom4kFPUxJwNBQ0phhpI937KR3UXa/hzeAsE1gRF1RoDerffpTgjBOhMUNK9aGX6iBHUlPMSGH7mSIpwmM0JH1DBeJEBfns1MI5NUrkxIk0T2hnpv6eyBFXaspDk+RIj9SiV4r/ef1Mx1dBTkWaaSLwfFGcMUcnTvlvJ6KSYM2mhiAsqbnVwSMkEdamHdsX5BEnnCMR5f7EBIs+DHK/XBPGuQuLwjY9wcVWlknnvAG9Bry7cJvXVWM1cAxOwBmA4BI0wS1ogTbAYAiewAt4tZ6tN+vd+phHV6xq5gj8gfX5A1MPnC8=</latexit><latexit sha1_base64="g9DiauvjWqIoqupXtcr+O+BP69o=">AAACDXicbVDLSsNAFJ34rPFVdekmGARXJSOCLotuXFa0D2hCmUwm7dCZSZiZVErIJ4g7/RJ34tZv8EPcO2mz0NYDA4dzzuXeOWHKqNKe92WtrK6tb2zWtuztnd29/frBYUclmcSkjROWyF6IFGFUkLammpFeKgniISPdcHxT+t0JkYom4kFPUxJwNBQ0phhpI937KR3UXa/hzeAsE1gRF1RoDerffpTgjBOhMUNK9aGX6iBHUlPMSGH7mSIpwmM0JH1DBeJEBfns1MI5NUrkxIk0T2hnpv6eyBFXaspDk+RIj9SiV4r/ef1Mx1dBTkWaaSLwfFGcMUcnTvlvJ6KSYM2mhiAsqbnVwSMkEdamHdsX5BEnnCMR5f7EBIs+DHK/XBPGuQuLwjY9wcVWlknnvAG9Bry7cJvXVWM1cAxOwBmA4BI0wS1ogTbAYAiewAt4tZ6tN+vd+phHV6xq5gj8gfX5A1MPnC8=</latexit><latexit sha1_base64="g9DiauvjWqIoqupXtcr+O+BP69o=">AAACDXicbVDLSsNAFJ34rPFVdekmGARXJSOCLotuXFa0D2hCmUwm7dCZSZiZVErIJ4g7/RJ34tZv8EPcO2mz0NYDA4dzzuXeOWHKqNKe92WtrK6tb2zWtuztnd29/frBYUclmcSkjROWyF6IFGFUkLammpFeKgniISPdcHxT+t0JkYom4kFPUxJwNBQ0phhpI937KR3UXa/hzeAsE1gRF1RoDerffpTgjBOhMUNK9aGX6iBHUlPMSGH7mSIpwmM0JH1DBeJEBfns1MI5NUrkxIk0T2hnpv6eyBFXaspDk+RIj9SiV4r/ef1Mx1dBTkWaaSLwfFGcMUcnTvlvJ6KSYM2mhiAsqbnVwSMkEdamHdsX5BEnnCMR5f7EBIs+DHK/XBPGuQuLwjY9wcVWlknnvAG9Bry7cJvXVWM1cAxOwBmA4BI0wS1ogTbAYAiewAt4tZ6tN+vd+phHV6xq5gj8gfX5A1MPnC8=</latexit><latexit sha1_base64="g9DiauvjWqIoqupXtcr+O+BP69o=">AAACDXicbVDLSsNAFJ34rPFVdekmGARXJSOCLotuXFa0D2hCmUwm7dCZSZiZVErIJ4g7/RJ34tZv8EPcO2mz0NYDA4dzzuXeOWHKqNKe92WtrK6tb2zWtuztnd29/frBYUclmcSkjROWyF6IFGFUkLammpFeKgniISPdcHxT+t0JkYom4kFPUxJwNBQ0phhpI937KR3UXa/hzeAsE1gRF1RoDerffpTgjBOhMUNK9aGX6iBHUlPMSGH7mSIpwmM0JH1DBeJEBfns1MI5NUrkxIk0T2hnpv6eyBFXaspDk+RIj9SiV4r/ef1Mx1dBTkWaaSLwfFGcMUcnTvlvJ6KSYM2mhiAsqbnVwSMkEdamHdsX5BEnnCMR5f7EBIs+DHK/XBPGuQuLwjY9wcVWlknnvAG9Bry7cJvXVWM1cAxOwBmA4BI0wS1ogTbAYAiewAt4tZ6tN+vd+phHV6xq5gj8gfX5A1MPnC8=</latexit> ⇡/2
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~g
<latexit sha1_base64="e4Oaaey9+eurnGgaitoZZbNcw4U="></latexit><latexit sha1_base64="e4Oaaey9+eurnGgaitoZZbNcw4U="></latexit><latexit sha1_base64="e4Oaaey9+eurnGgaitoZZbNcw4U="></latexit><latexit sha1_base64="e4Oaaey9+eurnGgaitoZZbNcw4U="></latexit>

⇡/2
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Mach-Zehnder-type Atom-interferometer

7

Sensing external potentials with atom interferometry 

P ∝ cos(Δϕ)

Δϕ = ⃗k ⋅ ⃗g T2

Microgravity 
and Space

⃗k
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Gravitational Wave Detection

<latexit sha1_base64="cXFO+kUrd3wnev4Jey7O/TlQELg=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWNE84BkCbOT2WTI7OwwMyusSw5+gFf9BG/i1U/xC/wNJ8keTGJBQ1HVTXdXIDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGiCG2QmMeqHWBNORO0YZjhtC0VxVHAaSsY3Uz81iNVmsXiwaSS+hEeCBYygo2V7p96Xq9UdivuFGiZeDkpQ456r/TT7cckiagwhGOtO54rjZ9hZRjhdFzsJppKTEZ4QDuWChxR7WfTU8fo1Cp9FMbKljBoqv6dyHCkdRoFtjPCZqgXvYn4n9dJTHjlZ0zIxFBBZovChCMTo8nfqM8UJYanlmCimL0VkSFWmBibztwWOUw1I3pctMl4izksk+Z5xatWqncX5dp1nlEBjuEEzsCDS6jBLdShAQQG8AKv8OY8O+/Oh/M5a11x8pkjmIPz9QsA5pal</latexit>z1

<latexit sha1_base64="WVAdH7KIYCKDsAR0MYrtqNXazeg=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7QPaUCbTSTt0MgkzEyGGLvwAt/oJ7sStn+IX+BtO2ixs64ELh3Pu5d57vIgzpW372yqsrW9sbhW3Szu7e/sH5cOjtgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yU3mdx6pVCwUDzqJqBvgkWA+I1gb6f5pUBuUK3bVngGtEicnFcjRHJR/+sOQxAEVmnCsVM+xI+2mWGpGOJ2W+rGiESYTPKI9QwUOqHLT2alTdGaUIfJDaUpoNFP/TqQ4UCoJPNMZYD1Wy14m/uf1Yu1fuSkTUaypIPNFfsyRDlH2NxoySYnmiSGYSGZuRWSMJSbapLOwJRonihE1LZlknOUcVkm7VnXq1frdRaVxnWdUhBM4hXNw4BIacAtNaAGBEbzAK7xZz9a79WF9zlsLVj5zDAuwvn4BAn+Wpg==</latexit>z2

<latexit sha1_base64="3FM4EvgS02xt5NdBPpNiyC93wxs=">AAAB/XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRiwcPLdhaaEPZbCft0s0m7G6EEIo/wKv+BG/i1d/iL/BvuG1zsK0PBh7vzTAzz485U9pxvq3C2vrG5lZxu7Szu7d/UD48aqsokRRbNOKR7PhEIWcCW5ppjp1YIgl9jo/++HbqPz6hVCwSDzqN0QvJULCAUaKN1LzvlytO1ZnBXiVuTiqQo9Ev//QGEU1CFJpyolTXdWLtZURqRjlOSr1EYUzomAyxa6ggISovmx06sc+MMrCDSJoS2p6pfycyEiqVhr7pDIkeqWVvKv7ndRMdXHsZE3GiUdD5oiDhto7s6df2gEmkmqeGECqZudWmIyIJ1SabhS3xKFWMqknJJOMu57BK2hdVt1atNS8r9Zs8oyKcwCmcgwtXUIc7aEALKCC8wCu8Wc/Wu/Vhfc5bC1Y+cwwLsL5+AYXzldM=</latexit>

L

<latexit sha1_base64="vJrmAtle2Is6elFjLInzQ6pwKYo=">AAAB/XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWMCeUGyhNlJbzJk9sHMrLAswQ/wqp/gTbz6LX6Bv+Ek2YNJLGgoqrrp7vJiwZW27W9rY3Nre2e3sFfcPzg8Oi6dnLZVlEiGLRaJSHY9qlDwEFuaa4HdWCINPIEdb/Iw8ztPKBWPwqZOY3QDOgq5zxnVRmo0B6WyXbHnIOvEyUkZctQHpZ/+MGJJgKFmgirVc+xYuxmVmjOB02I/URhTNqEj7Bka0gCVm80PnZJLowyJH0lToSZz9e9ERgOl0sAznQHVY7XqzcT/vF6i/Ts342GcaAzZYpGfCKIjMvuaDLlEpkVqCGWSm1sJG1NJmTbZLG2Jx6niTE2LJhlnNYd10r6uONVKtXFTrt3nGRXgHC7gChy4hRo8Qh1awADhBV7hzXq23q0P63PRumHlM2ewBOvrF5K7lds=</latexit>

T
<latexit sha1_base64="ISZJ5hlbLF6fBbONC5hjptbemtU=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TMA9IljA76U2GzD6YmRWWJfgBXvUTvIlXv8Uv8DecJHswiQUNRVU33V1eLLjStv1tFTY2t7Z3irulvf2Dw6Py8UlbRYlk2GKRiGTXowoFD7GluRbYjSXSwBPY8Sb3M7/zhFLxKHzUaYxuQEch9zmj2khNe1Cu2FV7DrJOnJxUIEdjUP7pDyOWBBhqJqhSPceOtZtRqTkTOC31E4UxZRM6wp6hIQ1Qudn80Cm5MMqQ+JE0FWoyV/9OZDRQKg080xlQPVar3kz8z+sl2r91Mx7GicaQLRb5iSA6IrOvyZBLZFqkhlAmubmVsDGVlGmTzdKWeJwqztS0ZJJxVnNYJ+2rqlOr1prXlfpdnlERzuAcLsGBG6jDAzSgBQwQXuAV3qxn6936sD4XrQUrnzmFJVhfv1k3lbc=</latexit>

0
<latexit sha1_base64="JZizg0TN9MBLVNUBobenQvQMsEw=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5dV+oI2lMl00g6dTMLMRAih4Ae41U9wJ279Fb/A33CaZmFbD1w4nHMv997jRZwpbdvfVmFjc2t7p7hb2ts/ODwqH590VBhLQtsk5KHseVhRzgRta6Y57UWS4sDjtOtN7+Z+94lKxULR0klE3QCPBfMZwdpIj7XWsFyxq3YGtE6cnFQgR3NY/hmMQhIHVGjCsVJ9x460m2KpGeF0VhrEikaYTPGY9g0VOKDKTbNLZ+jCKCPkh9KU0ChT/06kOFAqCTzTGWA9UaveXPzP68fav3FTJqJYU0EWi/yYIx2i+dtoxCQlmieGYCKZuRWRCZaYaBPO0pZokihG1KxkknFWc1gnnVrVqVfrD1eVxm2eURHO4BwuwYFraMA9NKENBHx4gVd4s56td+vD+ly0Fqx85hSWYH39AgfXlhc=</latexit>

2T
<latexit sha1_base64="Be8bh9lfeFu2N18iqAD0JTh6OKU=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQq1WXRjcsqfUEbymQ6aYdOJmFmIoRQ8APc6ie4E7f+il/gbzhps7CtBy4czrmXe+/xIs6Utu1vq7C2vrG5Vdwu7ezu7R+UD4/aKowloS0S8lB2PawoZ4K2NNOcdiNJceBx2vEmd5nfeaJSsVA0dRJRN8AjwXxGsDbS42VzUK7YVXsGtEqcnFQgR2NQ/ukPQxIHVGjCsVI9x460m2KpGeF0WurHikaYTPCI9gwVOKDKTWeXTtGZUYbID6UpodFM/TuR4kCpJPBMZ4D1WC17mfif14u1f+OmTESxpoLMF/kxRzpE2dtoyCQlmieGYCKZuRWRMZaYaBPOwpZonChG1LRkknGWc1gl7YuqU6vWHq4q9ds8oyKcwCmcgwPXUId7aEALCPjwAq/wZj1b79aH9TlvLVj5zDEswPr6BQlxlhg=</latexit>

3T
<latexit sha1_base64="muwHcZi9kLYB2vExDyQWRpvT+JI=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV+oI2lMl00g6dTMLMRAih4Ae41U9wJ279Fb/A33CaZmFbD1w4nHMv997jRZwpbdvfVmFjc2t7p7hb2ts/ODwqH590VBhLQtsk5KHseVhRzgRta6Y57UWS4sDjtOtN7+Z+94lKxULR0klE3QCPBfMZwdpIj7XWsFyxq3YGtE6cnFQgR3NY/hmMQhIHVGjCsVJ9x460m2KpGeF0VhrEikaYTPGY9g0VOKDKTbNLZ+jCKCPkh9KU0ChT/06kOFAqCTzTGWA9UaveXPzP68fav3FTJqJYU0EWi/yYIx2i+dtoxCQlmieGYCKZuRWRCZaYaBPO0pZokihG1KxkknFWc1gnnauqU6/WH2qVxm2eURHO4BwuwYFraMA9NKENBHx4gVd4s56td+vD+ly0Fqx85hSWYH39AgsLlhk=</latexit>

4T
<latexit sha1_base64="4lNRmsnkAVr+6WkZEMn+UKVMCEk=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiSi1WXRjcsqfUEbymQ6aYdOJmFmIoRQ8APc6ie4E7f+il/gbzhps7CtBy4czrmXe+/xIs6Utu1vq7C2vrG5Vdwu7ezu7R+UD4/aKowloS0S8lB2PawoZ4K2NNOcdiNJceBx2vEmd5nfeaJSsVA0dRJRN8AjwXxGsDbS41VzUK7YVXsGtEqcnFQgR2NQ/ukPQxIHVGjCsVI9x460m2KpGeF0WurHikaYTPCI9gwVOKDKTWeXTtGZUYbID6UpodFM/TuR4kCpJPBMZ4D1WC17mfif14u1f+OmTESxpoLMF/kxRzpE2dtoyCQlmieGYCKZuRWRMZaYaBPOwpZonChG1LRkknGWc1gl7YuqU6vWHi4r9ds8oyKcwCmcgwPXUId7aEALCPjwAq/wZj1b79aH9TlvLVj5zDEswPr6BQyllho=</latexit>

5T
<latexit sha1_base64="sdbZQmcLYAUIulO5RIHxMAS3PHw=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx6jJDGQLGF2MpsMmZ0dZmaFZQn4AV71E7yJV3/FL/A3nCR7MIkFDUVVN91dgeRMG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNEEdoiMY9VJ8CaciZoyzDDaUcqiqOA08dgfDv1H5+o0iwWTZNK6kd4KFjICDZWeqg1++WKW3VnQKvEy0kFcjT65Z/eICZJRIUhHGvd9Vxp/Awrwwink1Iv0VRiMsZD2rVU4IhqP5tdOkFnVhmgMFa2hEEz9e9EhiOt0yiwnRE2I73sTcX/vG5iwms/Y0ImhgoyXxQmHJkYTd9GA6YoMTy1BBPF7K2IjLDCxNhwFrbIUaoZ0ZOSTcZbzmGVtC+qXq1au7+s1G/yjIpwAqdwDh5cQR3uoAEtIBDCC7zCm/PsvDsfzue8teDkM8ewAOfrFw4/lhs=</latexit>

6T

<latexit sha1_base64="ddKI+VrvxMXhg7gpb9l1QS9pRmY="></latexit>

Lab frame
<latexit sha1_base64="Ldl8UL0Jc7uXp7zzp7qQRyMoD0s="></latexit>

Freely falling frame

<latexit sha1_base64="Qqzayva7JUa75QxkIPWNFMRm03E="></latexit>zL

<latexit sha1_base64="TAEe0CkWQRltWv75k1/8iw0BQYA="></latexit>zU
<latexit sha1_base64="h8CgLqahdwnpzAjPbMcVVW9ItCU=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx6jmAckS5idzCZDZmeWmVlhWQJ+gFf9BG/i1V/xC/wNJ8keTGJBQ1HVTXdXEHOmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7Gt1O//USVZlI8mjSmfoSHgoWMYGOlh17WL1fcqjsDWiVeTiqQo9Ev//QGkiQRFYZwrHXXc2PjZ1gZRjidlHqJpjEmYzykXUsFjqj2s9mlE3RmlQEKpbIlDJqpfycyHGmdRoHtjLAZ6WVvKv7ndRMTXvsZE3FiqCDzRWHCkZFo+jYaMEWJ4aklmChmb0VkhBUmxoazsCUepZoRPSnZZLzlHFZJ66Lq1aq1+8tK/SbPqAgncArn4MEV1OEOGtAEAiG8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+AYlqlmg=</latexit>

{<latexit sha1_base64="LngLctilojPCh0hT1AO6bN5Bp/E=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BPXiMYB6QLGF20psMmX0w0yssS65+gFf9BG/i1f/wC/wNJ8keTGJBQ1HVTXeXF0uh0ba/rcLa+sbmVnG7tLO7t39QPjxq6ShRHJo8kpHqeEyDFCE0UaCETqyABZ6Etje+nfrtJ1BaROEjpjG4ARuGwhecoZE6vTuQyOioX67YVXsGukqcnFRIjka//NMbRDwJIEQumdZdx47RzZhCwSVMSr1EQ8z4mA2ha2jIAtBuNrt3Qs+MMqB+pEyFSGfq34mMBVqngWc6A4YjvexNxf+8boL+tZuJME4QQj5f5CeSYkSnz9OBUMBRpoYwroS5lfIRU4yjiWhhSzxKteB6UjLJOMs5rJLWRdWpVWsPl5X6TZ5RkZyQU3JOHHJF6uSeNEiTcCLJC3klb9az9W59WJ/z1oKVzxyTBVhfv5TsmJs=</latexit>

!h

<latexit sha1_base64="h8CgLqahdwnpzAjPbMcVVW9ItCU=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx6jmAckS5idzCZDZmeWmVlhWQJ+gFf9BG/i1V/xC/wNJ8keTGJBQ1HVTXdXEHOmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7Gt1O//USVZlI8mjSmfoSHgoWMYGOlh17WL1fcqjsDWiVeTiqQo9Ev//QGkiQRFYZwrHXXc2PjZ1gZRjidlHqJpjEmYzykXUsFjqj2s9mlE3RmlQEKpbIlDJqpfycyHGmdRoHtjLAZ6WVvKv7ndRMTXvsZE3FiqCDzRWHCkZFo+jYaMEWJ4aklmChmb0VkhBUmxoazsCUepZoRPSnZZLzlHFZJ66Lq1aq1+8tK/SbPqAgncArn4MEV1OEOGtAEAiG8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+AYlqlmg=</latexit>

{<latexit sha1_base64="LngLctilojPCh0hT1AO6bN5Bp/E=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BPXiMYB6QLGF20psMmX0w0yssS65+gFf9BG/i1f/wC/wNJ8keTGJBQ1HVTXeXF0uh0ba/rcLa+sbmVnG7tLO7t39QPjxq6ShRHJo8kpHqeEyDFCE0UaCETqyABZ6Etje+nfrtJ1BaROEjpjG4ARuGwhecoZE6vTuQyOioX67YVXsGukqcnFRIjka//NMbRDwJIEQumdZdx47RzZhCwSVMSr1EQ8z4mA2ha2jIAtBuNrt3Qs+MMqB+pEyFSGfq34mMBVqngWc6A4YjvexNxf+8boL+tZuJME4QQj5f5CeSYkSnz9OBUMBRpoYwroS5lfIRU4yjiWhhSzxKteB6UjLJOMs5rJLWRdWpVWsPl5X6TZ5RkZyQU3JOHHJF6uSeNEiTcCLJC3klb9az9W59WJ/z1oKVzxyTBVhfv5TsmJs=</latexit>

!h

<latexit sha1_base64="ytJhj4HkUd2e0tXoDWOqcoQz9iU=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRaqhuh6MZli/YBbSiT6aQdOpmEmYkQQhd+gFv9BHfi1k/xC/wNp20WtvXAhcM593LvPV7EmdK2/W3l1tY3Nrfy24Wd3b39g+LhUUuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhu6refqFQsFI86iagb4KFgPiNYG+mhcXPZL5bssj0DWiVORkqQod4v/vQGIYkDKjThWKmuY0faTbHUjHA6KfRiRSNMxnhIu4YKHFDlprNTJ+jMKAPkh9KU0Gim/p1IcaBUEnimM8B6pJa9qfif1421f+2mTESxpoLMF/kxRzpE07/RgElKNE8MwUQycysiIywx0SadhS3RKFGMqEnBJOMs57BKWhdlp1quNiql2m2WUR5O4BTOwYErqME91KEJBIbwAq/wZj1b79aH9TlvzVnZzDEswPr6BYvCllw=</latexit>

Q = 3
<latexit sha1_base64="QFQWH+A1uGpQ/IlfG8RnQ5zqy3k=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEY0TwgWcLsZDYZMjuzzMwKy5KDH+BVP8GbePVT/AJ/w0myB5NY0FBUddPdFcScaeO6387K6tr6xmZhq7i9s7u3Xzo4bGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo9uJ33qiSjMpHk0aUz/CA8FCRrCx0oO49nqlsltxp0DLxMtJGXLUe6Wfbl+SJKLCEI617nhubPwMK8MIp+NiN9E0xmSEB7RjqcAR1X42PXWMTq3SR6FUtoRBU/XvRIYjrdMosJ0RNkO96E3E/7xOYsIrP2MiTgwVZLYoTDgyEk3+Rn2mKDE8tQQTxeytiAyxwsTYdOa2xMNUM6LHRZuMt5jDMmmeV7xqpXp/Ua7d5BkV4BhO4Aw8uIQa3EEdGkBgAC/wCm/Os/PufDifs9YVJ585gjk4X7+3H5Z3</latexit>

n = 1
<latexit sha1_base64="IUZJf3FY5ippoCUaD6Ji+V5AJhI="></latexit>

LMT order

<latexit sha1_base64="3MCgw6mtwxIwe5GyB4mvwMICLMk="></latexit>

Diamonds

<latexit sha1_base64="vJrmAtle2Is6elFjLInzQ6pwKYo=">AAAB/XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWMCeUGyhNlJbzJk9sHMrLAswQ/wqp/gTbz6LX6Bv+Ek2YNJLGgoqrrp7vJiwZW27W9rY3Nre2e3sFfcPzg8Oi6dnLZVlEiGLRaJSHY9qlDwEFuaa4HdWCINPIEdb/Iw8ztPKBWPwqZOY3QDOgq5zxnVRmo0B6WyXbHnIOvEyUkZctQHpZ/+MGJJgKFmgirVc+xYuxmVmjOB02I/URhTNqEj7Bka0gCVm80PnZJLowyJH0lToSZz9e9ERgOl0sAznQHVY7XqzcT/vF6i/Ts342GcaAzZYpGfCKIjMvuaDLlEpkVqCGWSm1sJG1NJmTbZLG2Jx6niTE2LJhlnNYd10r6uONVKtXFTrt3nGRXgHC7gChy4hRo8Qh1awADhBV7hzXq23q0P63PRumHlM2ewBOvrF5K7lds=</latexit>

T
<latexit sha1_base64="ISZJ5hlbLF6fBbONC5hjptbemtU=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TMA9IljA76U2GzD6YmRWWJfgBXvUTvIlXv8Uv8DecJHswiQUNRVU33V1eLLjStv1tFTY2t7Z3irulvf2Dw6Py8UlbRYlk2GKRiGTXowoFD7GluRbYjSXSwBPY8Sb3M7/zhFLxKHzUaYxuQEch9zmj2khNe1Cu2FV7DrJOnJxUIEdjUP7pDyOWBBhqJqhSPceOtZtRqTkTOC31E4UxZRM6wp6hIQ1Qudn80Cm5MMqQ+JE0FWoyV/9OZDRQKg080xlQPVar3kz8z+sl2r91Mx7GicaQLRb5iSA6IrOvyZBLZFqkhlAmubmVsDGVlGmTzdKWeJwqztS0ZJJxVnNYJ+2rqlOr1prXlfpdnlERzuAcLsGBG6jDAzSgBQwQXuAV3qxn6936sD4XrQUrnzmFJVhfv1k3lbc=</latexit>

0
<latexit sha1_base64="JZizg0TN9MBLVNUBobenQvQMsEw=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5dV+oI2lMl00g6dTMLMRAih4Ae41U9wJ279Fb/A33CaZmFbD1w4nHMv997jRZwpbdvfVmFjc2t7p7hb2ts/ODwqH590VBhLQtsk5KHseVhRzgRta6Y57UWS4sDjtOtN7+Z+94lKxULR0klE3QCPBfMZwdpIj7XWsFyxq3YGtE6cnFQgR3NY/hmMQhIHVGjCsVJ9x460m2KpGeF0VhrEikaYTPGY9g0VOKDKTbNLZ+jCKCPkh9KU0ChT/06kOFAqCTzTGWA9UaveXPzP68fav3FTJqJYU0EWi/yYIx2i+dtoxCQlmieGYCKZuRWRCZaYaBPO0pZokihG1KxkknFWc1gnnVrVqVfrD1eVxm2eURHO4BwuwYFraMA9NKENBHx4gVd4s56td+vD+ly0Fqx85hSWYH39AgfXlhc=</latexit>

2T
<latexit sha1_base64="Be8bh9lfeFu2N18iqAD0JTh6OKU=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQq1WXRjcsqfUEbymQ6aYdOJmFmIoRQ8APc6ie4E7f+il/gbzhps7CtBy4czrmXe+/xIs6Utu1vq7C2vrG5Vdwu7ezu7R+UD4/aKowloS0S8lB2PawoZ4K2NNOcdiNJceBx2vEmd5nfeaJSsVA0dRJRN8AjwXxGsDbS42VzUK7YVXsGtEqcnFQgR2NQ/ukPQxIHVGjCsVI9x460m2KpGeF0WurHikaYTPCI9gwVOKDKTWeXTtGZUYbID6UpodFM/TuR4kCpJPBMZ4D1WC17mfif14u1f+OmTESxpoLMF/kxRzpE2dtoyCQlmieGYCKZuRWRMZaYaBPOwpZonChG1LRkknGWc1gl7YuqU6vWHq4q9ds8oyKcwCmcgwPXUId7aEALCPjwAq/wZj1b79aH9TlvLVj5zDEswPr6BQlxlhg=</latexit>

3T
<latexit sha1_base64="muwHcZi9kLYB2vExDyQWRpvT+JI=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV+oI2lMl00g6dTMLMRAih4Ae41U9wJ279Fb/A33CaZmFbD1w4nHMv997jRZwpbdvfVmFjc2t7p7hb2ts/ODwqH590VBhLQtsk5KHseVhRzgRta6Y57UWS4sDjtOtN7+Z+94lKxULR0klE3QCPBfMZwdpIj7XWsFyxq3YGtE6cnFQgR3NY/hmMQhIHVGjCsVJ9x460m2KpGeF0VhrEikaYTPGY9g0VOKDKTbNLZ+jCKCPkh9KU0ChT/06kOFAqCTzTGWA9UaveXPzP68fav3FTJqJYU0EWi/yYIx2i+dtoxCQlmieGYCKZuRWRCZaYaBPO0pZokihG1KxkknFWc1gnnauqU6/WH2qVxm2eURHO4BwuwYFraMA9NKENBHx4gVd4s56td+vD+ly0Fqx85hSWYH39AgsLlhk=</latexit>

4T

<latexit sha1_base64="3GM7BxBmLZAQcbuDFRDcavlPbw4=">AAACBnicbVDLTgIxFO3gC/GFunTTSExckRkW6JLoxiUm8ogwIZ1yBxo6nabtmEwm7P0At/oJ7oxbf8Mv8DcsMAsBT9Lk5Jx7c09PIDnTxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhRFFo05rHqBkQDZwJahhkOXamARAGHTjC5nfmdJ1CaxeLBpBL8iIwECxklxkqPLSlBYUnMeFCuuFV3DrxOvJxUUI7moPzTH8Y0iUAYyonWPc+Vxs+IMoxymJb6iQZJ6ISMoGepIBFoP5snnuILqwxxGCv7hMFz9e9GRiKt0yiwk5ENp1e9mfif10tMeO1nTMjEgKCLQ2HCsYnx7Pt4yBRQw1NLCFXMZsV0TBShxpa0dEWOU82onpZsM95qD+ukXat69Wr9vlZp3OQdFdEZOkeXyENXqIHuUBO1EEUCvaBX9OY8O+/Oh/O5GC04+c4pWoLz9QuQNZm4</latexit>

Upper path
<latexit sha1_base64="dObEgn47DU9RgMFsiAd0BiTj5L0=">AAACBnicbVDLTgIxFO3gC/GFunTTSExckRkW6JLoxoULTOQRYUI65Q40dNpJ29FMCHs/wK1+gjvj1t/wC/wNC8xCwJM0OTnn3tzTE8ScaeO6305ubX1jcyu/XdjZ3ds/KB4eNbVMFIUGlVyqdkA0cCagYZjh0I4VkCjg0ApG11O/9QhKMynuTRqDH5GBYCGjxFjp4VY+gcIxMcNeseSW3RnwKvEyUkIZ6r3iT7cvaRKBMJQTrTueGxt/TJRhlMOk0E00xISOyAA6lgoSgfbHs8QTfGaVPg6lsk8YPFP/boxJpHUaBXYysuH0sjcV//M6iQkv/TETcWJA0PmhMOHYSDz9Pu4zBdTw1BJCFbNZMR0SRaixJS1ciYepZlRPCrYZb7mHVdKslL1quXpXKdWuso7y6ASdonPkoQtUQzeojhqIIoFe0Ct6c56dd+fD+ZyP5pxs5xgtwPn6BYtCmbU=</latexit>

Lower path <latexit sha1_base64="IUZJf3FY5ippoCUaD6Ji+V5AJhI="></latexit>

LMT order

<latexit sha1_base64="3MCgw6mtwxIwe5GyB4mvwMICLMk="></latexit>

Diamonds
<latexit sha1_base64="Hz9d8fndSAwDV9d1sgiiOqrJQ4Y=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRFWjdC0Y3LFu0D2lAm00k7dDIJMxMhhC78ALf6Ce7ErZ/iF/gbTtssbOuBC4dz7uXee7yIM6Vt+9vKbWxube/kdwt7+weHR8Xjk7YKY0loi4Q8lF0PK8qZoC3NNKfdSFIceJx2vMndzO88UalYKB51ElE3wCPBfEawNtJD86YyKJbssj0HWidORkqQoTEo/vSHIYkDKjThWKmeY0faTbHUjHA6LfRjRSNMJnhEe4YKHFDlpvNTp+jCKEPkh9KU0Giu/p1IcaBUEnimM8B6rFa9mfif14u1f+2mTESxpoIsFvkxRzpEs7/RkElKNE8MwUQycysiYywx0SadpS3ROFGMqGnBJOOs5rBO2pWyUy1Xm1el+m2WUR7O4BwuwYEa1OEeGtACAiN4gVd4s56td+vD+ly05qxs5hSWYH39Aooplls=</latexit>

Q = 2

<latexit sha1_base64="h8CgLqahdwnpzAjPbMcVVW9ItCU=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx6jmAckS5idzCZDZmeWmVlhWQJ+gFf9BG/i1V/xC/wNJ8keTGJBQ1HVTXdXEHOmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7Gt1O//USVZlI8mjSmfoSHgoWMYGOlh17WL1fcqjsDWiVeTiqQo9Ev//QGkiQRFYZwrHXXc2PjZ1gZRjidlHqJpjEmYzykXUsFjqj2s9mlE3RmlQEKpbIlDJqpfycyHGmdRoHtjLAZ6WVvKv7ndRMTXvsZE3FiqCDzRWHCkZFo+jYaMEWJ4aklmChmb0VkhBUmxoazsCUepZoRPSnZZLzlHFZJ66Lq1aq1+8tK/SbPqAgncArn4MEV1OEOGtAEAiG8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+AYlqlmg=</latexit>

{<latexit sha1_base64="NOGEEzfnlrQP4xgP6PpNQ2VN4og=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovoqiQi1WXRjcsqfUEbymQ6aYdOJmFmIoRQ8APc6ie4E7f+il/gbzhps7CtBy4czrmXe+/xIs6Utu1vq7C2vrG5Vdwu7ezu7R+UD4/aKowloS0S8lB2PawoZ4K2NNOcdiNJceBx2vEmd5nfeaJSsVA0dRJRN8AjwXxGsDbSY/N8UK7YVXsGtEqcnFQgR2NQ/ukPQxIHVGjCsVI9x460m2KpGeF0WurHikaYTPCI9gwVOKDKTWeXTtGZUYbID6UpodFM/TuR4kCpJPBMZ4D1WC17mfif14u1f+OmTESxpoLMF/kxRzpE2dtoyCQlmieGYCKZuRWRMZaYaBPOwpZonChG1LRkknGWc1gl7cuqU6vWHq4q9ds8oyKcwClcgAPXUId7aEALCPjwAq/wZj1b79aH9TlvLVj5zDEswPr6BfZXlgw=</latexit>

T →

<latexit sha1_base64="xNN7SPCNhKLV3XRAploQU2B0JSg=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRSqhuh6MZlRfuANpTJdNIOnUzCzEQIoQs/wK1+gjtx66f4Bf6G0zQL23rgwuGce7n3Hi/iTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK3CWBLaIiEPZdfDinImaEszzWk3khQHHqcdb3I78ztPVCoWikedRNQN8EgwnxGsjfQgrmuDcsWu2hnQKnFyUoEczUH5pz8MSRxQoQnHSvUcO9JuiqVmhNNpqR8rGmEywSPaM1TggCo3zU6dojOjDJEfSlNCo0z9O5HiQKkk8ExngPVYLXsz8T+vF2v/yk2ZiGJNBZkv8mOOdIhmf6Mhk5RonhiCiWTmVkTGWGKiTToLW6JxohhR05JJxlnOYZW0L6pOvVq/r1UaN3lGRTiBUzgHBy6hAXfQhBYQGMELvMKb9Wy9Wx/W57y1YOUzx7AA6+sXu+qWeg==</latexit>

n = 4

<latexit sha1_base64="NzezcWcxeq+5Qp4bYWXhajsl+jU=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4kNCTzXgLevEYwSyYhNDTqSRNenqG7h4hDLn7AV71E7yJV3/DL/A37CyCEX1Q8Hiviqp6Xii4NoR8OImV1bX1jeRmamt7Z3cvvX9Q10GkGNRYIALV9KgGwSXUDDcCmqEC6nsCGt7oauo37kFpHshbMw6h49OB5H3OqLHSXXsEJnbPMEy66QzJXpBcMe9ikiUWBTIlxXyuUMbuTCEkgxaodtOf7V7AIh+kYYJq3XJJaDoxVYYzAZNUO9IQUjaiA2hZKqkPuhPPLp7gE6v0cD9QtqTBM/XnREx9rce+Zzt9aob6tzcV//JakemXOzGXYWRAsvmifiSwCfD0fdzjCpgRY0soU9zeitmQKsqMDWlpSzgca870JGWT+X4f/0/quaxbypZuCpnK5SKjJDpCx+gUuegcVdA1qqIaYkiiR/SEnp0H58V5dd7mrQlnMXOIluC8fwE+g5mJ</latexit>

|1, e→

<latexit sha1_base64="j9f2VDidGl9hMX+d3fygQlOBn2Y=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFT22lnV3TjsoJtxXYomTRtQzOZIckIZejeD3Crn+BO3PobfoG/YfoQrOiBC4dz7uXee4KYM6UR+rAyK6tr6xvZzdzW9s7uXn7/oKmiRBLaIBGP5G2AFeVM0IZmmtPbWFIcBpy2gtHl1G/dU6lYJG70OKZ+iAeC9RnB2kh3nRHVKTqDg0k3X0A2cl2vUoHILpfPi6hsiOdV3ZIHHRvNUAAL1Lv5z04vIklIhSYcK9V2UKz9FEvNCKeTXCdRNMZkhAe0bajAIVV+Ort4Ak+M0oP9SJoSGs7UnxMpDpUah4HpDLEeqt/eVPzLaye6X/VTJuJEU0Hmi/oJhzqC0/dhj0lKNB8bgolk5lZIhlhiok1IS1vi4VgxoiY5k8z3+/B/0izajmu716VC7WKRURYcgWNwChxQATVwBeqgAQgQ4BE8gWfrwXqxXq23eWvGWswcgiVY71+SbZnA</latexit>

|0, g→

<latexit sha1_base64="o8epeUxeIhCROsAvTHnirbzpNds=">AAACBnicdVDLSsNAFJ3UV62vqks3g0VwISHxUeuu6MZlBduKbSiT6W07dDIJMxMhhOz9ALf6Ce7Erb/hF/gbTh+C9XHgwuGce7n3Hj/iTGnHebdyc/MLi0v55cLK6tr6RnFzq6HCWFKo05CH8sYnCjgTUNdMc7iJJJDA59D0hxcjv3kHUrFQXOskAi8gfcF6jBJtpNv2EHQqDnA/6xRLju1Uzk6OXPybuLYzRglNUesUP9rdkMYBCE05UarlOpH2UiI1oxyyQjtWEBE6JH1oGSpIAMpLxxdneM8oXdwLpSmh8Vj9PpGSQKkk8E1nQPRA/fRG4l9eK9a9ipcyEcUaBJ0s6sUc6xCP3sddJoFqnhhCqGTmVkwHRBKqTUgzW6JBohhVWcEk8/U+/p80Dm23bJevjkvV82lGebSDdtE+ctEpqqJLVEN1RJFAD+gRPVn31rP1Yr1OWnPWdGYbzcB6+wTVQZno</latexit>

|n, g→
<latexit sha1_base64="ZlUJBGB7ypmqBM0xeal1Y7D1FZ0=">AAACBnicdVDLSsNAFJ3UV62vqks3g0VwISHxUeuu6MZlBduKbSiT6W07dDIJMxMhhOz9ALf6Ce7Erb/hF/gbTh+C9XHgwuGce7n3Hj/iTGnHebdyc/MLi0v55cLK6tr6RnFzq6HCWFKo05CH8sYnCjgTUNdMc7iJJJDA59D0hxcjv3kHUrFQXOskAi8gfcF6jBJtpNv2EHQqDjBknWLJsZ3K2cmRi38T13bGKKEpap3iR7sb0jgAoSknSrVcJ9JeSqRmlENWaMcKIkKHpA8tQwUJQHnp+OIM7xmli3uhNCU0HqvfJ1ISKJUEvukMiB6on95I/MtrxbpX8VImoliDoJNFvZhjHeLR+7jLJFDNE0MIlczciumASEK1CWlmSzRIFKMqK5hkvt7H/5PGoe2W7fLVcal6Ps0oj3bQLtpHLjpFVXSJaqiOKBLoAT2iJ+veerZerNdJa86azmyjGVhvn9INmeY=</latexit>

|n, e→

<latexit sha1_base64="j9f2VDidGl9hMX+d3fygQlOBn2Y=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFT22lnV3TjsoJtxXYomTRtQzOZIckIZejeD3Crn+BO3PobfoG/YfoQrOiBC4dz7uXee4KYM6UR+rAyK6tr6xvZzdzW9s7uXn7/oKmiRBLaIBGP5G2AFeVM0IZmmtPbWFIcBpy2gtHl1G/dU6lYJG70OKZ+iAeC9RnB2kh3nRHVKTqDg0k3X0A2cl2vUoHILpfPi6hsiOdV3ZIHHRvNUAAL1Lv5z04vIklIhSYcK9V2UKz9FEvNCKeTXCdRNMZkhAe0bajAIVV+Ort4Ak+M0oP9SJoSGs7UnxMpDpUah4HpDLEeqt/eVPzLaye6X/VTJuJEU0Hmi/oJhzqC0/dhj0lKNB8bgolk5lZIhlhiok1IS1vi4VgxoiY5k8z3+/B/0izajmu716VC7WKRURYcgWNwChxQATVwBeqgAQgQ4BE8gWfrwXqxXq23eWvGWswcgiVY71+SbZnA</latexit>

|0, g→
<latexit sha1_base64="j9f2VDidGl9hMX+d3fygQlOBn2Y=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFT22lnV3TjsoJtxXYomTRtQzOZIckIZejeD3Crn+BO3PobfoG/YfoQrOiBC4dz7uXee4KYM6UR+rAyK6tr6xvZzdzW9s7uXn7/oKmiRBLaIBGP5G2AFeVM0IZmmtPbWFIcBpy2gtHl1G/dU6lYJG70OKZ+iAeC9RnB2kh3nRHVKTqDg0k3X0A2cl2vUoHILpfPi6hsiOdV3ZIHHRvNUAAL1Lv5z04vIklIhSYcK9V2UKz9FEvNCKeTXCdRNMZkhAe0bajAIVV+Ort4Ak+M0oP9SJoSGs7UnxMpDpUah4HpDLEeqt/eVPzLaye6X/VTJuJEU0Hmi/oJhzqC0/dhj0lKNB8bgolk5lZIhlhiok1IS1vi4VgxoiY5k8z3+/B/0izajmu716VC7WKRURYcgWNwChxQATVwBeqgAQgQ4BE8gWfrwXqxXq23eWvGWswcgiVY71+SbZnA</latexit>

|0, g→

<latexit sha1_base64="j9f2VDidGl9hMX+d3fygQlOBn2Y=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFT22lnV3TjsoJtxXYomTRtQzOZIckIZejeD3Crn+BO3PobfoG/YfoQrOiBC4dz7uXee4KYM6UR+rAyK6tr6xvZzdzW9s7uXn7/oKmiRBLaIBGP5G2AFeVM0IZmmtPbWFIcBpy2gtHl1G/dU6lYJG70OKZ+iAeC9RnB2kh3nRHVKTqDg0k3X0A2cl2vUoHILpfPi6hsiOdV3ZIHHRvNUAAL1Lv5z04vIklIhSYcK9V2UKz9FEvNCKeTXCdRNMZkhAe0bajAIVV+Ort4Ak+M0oP9SJoSGs7UnxMpDpUah4HpDLEeqt/eVPzLaye6X/VTJuJEU0Hmi/oJhzqC0/dhj0lKNB8bgolk5lZIhlhiok1IS1vi4VgxoiY5k8z3+/B/0izajmu716VC7WKRURYcgWNwChxQATVwBeqgAQgQ4BE8gWfrwXqxXq23eWvGWswcgiVY71+SbZnA</latexit>

|0, g→

<latexit sha1_base64="j9f2VDidGl9hMX+d3fygQlOBn2Y=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFT22lnV3TjsoJtxXYomTRtQzOZIckIZejeD3Crn+BO3PobfoG/YfoQrOiBC4dz7uXee4KYM6UR+rAyK6tr6xvZzdzW9s7uXn7/oKmiRBLaIBGP5G2AFeVM0IZmmtPbWFIcBpy2gtHl1G/dU6lYJG70OKZ+iAeC9RnB2kh3nRHVKTqDg0k3X0A2cl2vUoHILpfPi6hsiOdV3ZIHHRvNUAAL1Lv5z04vIklIhSYcK9V2UKz9FEvNCKeTXCdRNMZkhAe0bajAIVV+Ort4Ak+M0oP9SJoSGs7UnxMpDpUah4HpDLEeqt/eVPzLaye6X/VTJuJEU0Hmi/oJhzqC0/dhj0lKNB8bgolk5lZIhlhiok1IS1vi4VgxoiY5k8z3+/B/0izajmu716VC7WKRURYcgWNwChxQATVwBeqgAQgQ4BE8gWfrwXqxXq23eWvGWswcgiVY71+SbZnA</latexit>

|0, g→
<latexit sha1_base64="j9f2VDidGl9hMX+d3fygQlOBn2Y=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFT22lnV3TjsoJtxXYomTRtQzOZIckIZejeD3Crn+BO3PobfoG/YfoQrOiBC4dz7uXee4KYM6UR+rAyK6tr6xvZzdzW9s7uXn7/oKmiRBLaIBGP5G2AFeVM0IZmmtPbWFIcBpy2gtHl1G/dU6lYJG70OKZ+iAeC9RnB2kh3nRHVKTqDg0k3X0A2cl2vUoHILpfPi6hsiOdV3ZIHHRvNUAAL1Lv5z04vIklIhSYcK9V2UKz9FEvNCKeTXCdRNMZkhAe0bajAIVV+Ort4Ak+M0oP9SJoSGs7UnxMpDpUah4HpDLEeqt/eVPzLaye6X/VTJuJEU0Hmi/oJhzqC0/dhj0lKNB8bgolk5lZIhlhiok1IS1vi4VgxoiY5k8z3+/B/0izajmu716VC7WKRURYcgWNwChxQATVwBeqgAQgQ4BE8gWfrwXqxXq23eWvGWswcgiVY71+SbZnA</latexit>

|0, g→
<latexit sha1_base64="NzezcWcxeq+5Qp4bYWXhajsl+jU=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4kNCTzXgLevEYwSyYhNDTqSRNenqG7h4hDLn7AV71E7yJV3/DL/A37CyCEX1Q8Hiviqp6Xii4NoR8OImV1bX1jeRmamt7Z3cvvX9Q10GkGNRYIALV9KgGwSXUDDcCmqEC6nsCGt7oauo37kFpHshbMw6h49OB5H3OqLHSXXsEJnbPMEy66QzJXpBcMe9ikiUWBTIlxXyuUMbuTCEkgxaodtOf7V7AIh+kYYJq3XJJaDoxVYYzAZNUO9IQUjaiA2hZKqkPuhPPLp7gE6v0cD9QtqTBM/XnREx9rce+Zzt9aob6tzcV//JakemXOzGXYWRAsvmifiSwCfD0fdzjCpgRY0soU9zeitmQKsqMDWlpSzgca870JGWT+X4f/0/quaxbypZuCpnK5SKjJDpCx+gUuegcVdA1qqIaYkiiR/SEnp0H58V5dd7mrQlnMXOIluC8fwE+g5mJ</latexit>

|1, e→

<latexit sha1_base64="NzezcWcxeq+5Qp4bYWXhajsl+jU=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4kNCTzXgLevEYwSyYhNDTqSRNenqG7h4hDLn7AV71E7yJV3/DL/A37CyCEX1Q8Hiviqp6Xii4NoR8OImV1bX1jeRmamt7Z3cvvX9Q10GkGNRYIALV9KgGwSXUDDcCmqEC6nsCGt7oauo37kFpHshbMw6h49OB5H3OqLHSXXsEJnbPMEy66QzJXpBcMe9ikiUWBTIlxXyuUMbuTCEkgxaodtOf7V7AIh+kYYJq3XJJaDoxVYYzAZNUO9IQUjaiA2hZKqkPuhPPLp7gE6v0cD9QtqTBM/XnREx9rce+Zzt9aob6tzcV//JakemXOzGXYWRAsvmifiSwCfD0fdzjCpgRY0soU9zeitmQKsqMDWlpSzgca870JGWT+X4f/0/quaxbypZuCpnK5SKjJDpCx+gUuegcVdA1qqIaYkiiR/SEnp0H58V5dd7mrQlnMXOIluC8fwE+g5mJ</latexit>

|1, e→
<latexit sha1_base64="NzezcWcxeq+5Qp4bYWXhajsl+jU=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4kNCTzXgLevEYwSyYhNDTqSRNenqG7h4hDLn7AV71E7yJV3/DL/A37CyCEX1Q8Hiviqp6Xii4NoR8OImV1bX1jeRmamt7Z3cvvX9Q10GkGNRYIALV9KgGwSXUDDcCmqEC6nsCGt7oauo37kFpHshbMw6h49OB5H3OqLHSXXsEJnbPMEy66QzJXpBcMe9ikiUWBTIlxXyuUMbuTCEkgxaodtOf7V7AIh+kYYJq3XJJaDoxVYYzAZNUO9IQUjaiA2hZKqkPuhPPLp7gE6v0cD9QtqTBM/XnREx9rce+Zzt9aob6tzcV//JakemXOzGXYWRAsvmifiSwCfD0fdzjCpgRY0soU9zeitmQKsqMDWlpSzgca870JGWT+X4f/0/quaxbypZuCpnK5SKjJDpCx+gUuegcVdA1qqIaYkiiR/SEnp0H58V5dd7mrQlnMXOIluC8fwE+g5mJ</latexit>

|1, e→
<latexit sha1_base64="NzezcWcxeq+5Qp4bYWXhajsl+jU=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4kNCTzXgLevEYwSyYhNDTqSRNenqG7h4hDLn7AV71E7yJV3/DL/A37CyCEX1Q8Hiviqp6Xii4NoR8OImV1bX1jeRmamt7Z3cvvX9Q10GkGNRYIALV9KgGwSXUDDcCmqEC6nsCGt7oauo37kFpHshbMw6h49OB5H3OqLHSXXsEJnbPMEy66QzJXpBcMe9ikiUWBTIlxXyuUMbuTCEkgxaodtOf7V7AIh+kYYJq3XJJaDoxVYYzAZNUO9IQUjaiA2hZKqkPuhPPLp7gE6v0cD9QtqTBM/XnREx9rce+Zzt9aob6tzcV//JakemXOzGXYWRAsvmifiSwCfD0fdzjCpgRY0soU9zeitmQKsqMDWlpSzgca870JGWT+X4f/0/quaxbypZuCpnK5SKjJDpCx+gUuegcVdA1qqIaYkiiR/SEnp0H58V5dd7mrQlnMXOIluC8fwE+g5mJ</latexit>

|1, e→

<latexit sha1_base64="NzezcWcxeq+5Qp4bYWXhajsl+jU=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4kNCTzXgLevEYwSyYhNDTqSRNenqG7h4hDLn7AV71E7yJV3/DL/A37CyCEX1Q8Hiviqp6Xii4NoR8OImV1bX1jeRmamt7Z3cvvX9Q10GkGNRYIALV9KgGwSXUDDcCmqEC6nsCGt7oauo37kFpHshbMw6h49OB5H3OqLHSXXsEJnbPMEy66QzJXpBcMe9ikiUWBTIlxXyuUMbuTCEkgxaodtOf7V7AIh+kYYJq3XJJaDoxVYYzAZNUO9IQUjaiA2hZKqkPuhPPLp7gE6v0cD9QtqTBM/XnREx9rce+Zzt9aob6tzcV//JakemXOzGXYWRAsvmifiSwCfD0fdzjCpgRY0soU9zeitmQKsqMDWlpSzgca870JGWT+X4f/0/quaxbypZuCpnK5SKjJDpCx+gUuegcVdA1qqIaYkiiR/SEnp0H58V5dd7mrQlnMXOIluC8fwE+g5mJ</latexit>

|1, e→

<latexit sha1_base64="j9f2VDidGl9hMX+d3fygQlOBn2Y=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFT22lnV3TjsoJtxXYomTRtQzOZIckIZejeD3Crn+BO3PobfoG/YfoQrOiBC4dz7uXee4KYM6UR+rAyK6tr6xvZzdzW9s7uXn7/oKmiRBLaIBGP5G2AFeVM0IZmmtPbWFIcBpy2gtHl1G/dU6lYJG70OKZ+iAeC9RnB2kh3nRHVKTqDg0k3X0A2cl2vUoHILpfPi6hsiOdV3ZIHHRvNUAAL1Lv5z04vIklIhSYcK9V2UKz9FEvNCKeTXCdRNMZkhAe0bajAIVV+Ort4Ak+M0oP9SJoSGs7UnxMpDpUah4HpDLEeqt/eVPzLaye6X/VTJuJEU0Hmi/oJhzqC0/dhj0lKNB8bgolk5lZIhlhiok1IS1vi4VgxoiY5k8z3+/B/0izajmu716VC7WKRURYcgWNwChxQATVwBeqgAQgQ4BE8gWfrwXqxXq23eWvGWswcgiVY71+SbZnA</latexit>

|0, g→

<latexit sha1_base64="j9f2VDidGl9hMX+d3fygQlOBn2Y=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFT22lnV3TjsoJtxXYomTRtQzOZIckIZejeD3Crn+BO3PobfoG/YfoQrOiBC4dz7uXee4KYM6UR+rAyK6tr6xvZzdzW9s7uXn7/oKmiRBLaIBGP5G2AFeVM0IZmmtPbWFIcBpy2gtHl1G/dU6lYJG70OKZ+iAeC9RnB2kh3nRHVKTqDg0k3X0A2cl2vUoHILpfPi6hsiOdV3ZIHHRvNUAAL1Lv5z04vIklIhSYcK9V2UKz9FEvNCKeTXCdRNMZkhAe0bajAIVV+Ort4Ak+M0oP9SJoSGs7UnxMpDpUah4HpDLEeqt/eVPzLaye6X/VTJuJEU0Hmi/oJhzqC0/dhj0lKNB8bgolk5lZIhlhiok1IS1vi4VgxoiY5k8z3+/B/0izajmu716VC7WKRURYcgWNwChxQATVwBeqgAQgQ4BE8gWfrwXqxXq23eWvGWswcgiVY71+SbZnA</latexit>

|0, g→

<latexit sha1_base64="NzezcWcxeq+5Qp4bYWXhajsl+jU=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4kNCTzXgLevEYwSyYhNDTqSRNenqG7h4hDLn7AV71E7yJV3/DL/A37CyCEX1Q8Hiviqp6Xii4NoR8OImV1bX1jeRmamt7Z3cvvX9Q10GkGNRYIALV9KgGwSXUDDcCmqEC6nsCGt7oauo37kFpHshbMw6h49OB5H3OqLHSXXsEJnbPMEy66QzJXpBcMe9ikiUWBTIlxXyuUMbuTCEkgxaodtOf7V7AIh+kYYJq3XJJaDoxVYYzAZNUO9IQUjaiA2hZKqkPuhPPLp7gE6v0cD9QtqTBM/XnREx9rce+Zzt9aob6tzcV//JakemXOzGXYWRAsvmifiSwCfD0fdzjCpgRY0soU9zeitmQKsqMDWlpSzgca870JGWT+X4f/0/quaxbypZuCpnK5SKjJDpCx+gUuegcVdA1qqIaYkiiR/SEnp0H58V5dd7mrQlnMXOIluC8fwE+g5mJ</latexit>

|1, e→
<latexit sha1_base64="mlrIwSm4eZ9v4S1hpLsQCFig/bs=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4kNCTzXgLevEYwSyYhNDTqSRNenqG7h4hDLn7AV71E7yJV3/DL/A37CyCEX1Q8Hiviqp6Xii4NoR8OImV1bX1jeRmamt7Z3cvvX9Q10GkGNRYIALV9KgGwSXUDDcCmqEC6nsCGt7oauo37kFpHshbMw6h49OB5H3OqLHSXXsEJs6fYZh00xmSvSC5Yt7FJEssCmRKivlcoYzdmUJIBi1Q7aY/272ART5IwwTVuuWS0HRiqgxnAiapdqQhpGxEB9CyVFIfdCeeXTzBJ1bp4X6gbEmDZ+rPiZj6Wo99z3b61Az1b28q/uW1ItMvd2Iuw8iAZPNF/UhgE+Dp+7jHFTAjxpZQpri9FbMhVZQZG9LSlnA41pzpScom8/0+/p/Uc1m3lC3dFDKVy0VGSXSEjtEpctE5qqBrVEU1xJBEj+gJPTsPzovz6rzNWxPOYuYQLcF5/wJBvZmL</latexit>

|3, e→

<latexit sha1_base64="/jHo6rmpMc0pFqz/vHibhIE82p0=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFT7bTdFd24rGAf2JaSSdM2NJMZkowwDLP3A9zqJ7gTt/6GX+BvmD4EK3rgwuGce7n3Hi/kTGmEPqzMyura+kZ2M7e1vbO7l98/aKogkoQ2SMAD2fawopwJ2tBMc9oOJcW+x2nLm1xN/dY9lYoF4lbHIe35eCTYkBGsjXTXnVCdFM/gKO3nC8hG5aqDihDZpdI5ciuGVKsVt1iGjo1mKIAF6v38Z3cQkMinQhOOleo4KNS9BEvNCKdprhspGmIywSPaMVRgn6peMrs4hSdGGcBhIE0JDWfqz4kE+0rFvmc6fazH6rc3Ff/yOpEeVnoJE2GkqSDzRcOIQx3A6ftwwCQlmseGYCKZuRWSMZaYaBPS0pZwHCtGVJozyXy/D/8nzaLtuLZ7c1GoXS4yyoIjcAxOgQPKoAauQR00AAECPIIn8Gw9WC/Wq/U2b81Yi5lDsATr/QuBcJm1</latexit>

|2, g→
<latexit sha1_base64="66ljE5HOcYAUVw377WAQFW7LbsE=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFT22m7K7pxWcG2YltKJk3b0ExmSDLCMMzeD3Crn+BO3PobfoG/YfoQrOiBC4dz7uXee7yQM6UR+rAyK6tr6xvZzdzW9s7uXn7/oKWCSBLaJAEP5K2HFeVM0KZmmtPbUFLse5y2vcnl1G/fU6lYIG50HNKej0eCDRnB2kh33QnVSekMjtJ+voBsVKk5qAiRXS6fI7dqSK1WdYsV6NhohgJYoNHPf3YHAYl8KjThWKmOg0LdS7DUjHCa5rqRoiEmEzyiHUMF9qnqJbOLU3hilAEcBtKU0HCm/pxIsK9U7Hum08d6rH57U/EvrxPpYbWXMBFGmgoyXzSMONQBnL4PB0xSonlsCCaSmVshGWOJiTYhLW0Jx7FiRKU5k8z3+/B/0irajmu716VC/WKRURYcgWNwChxQAXVwBRqgCQgQ4BE8gWfrwXqxXq23eWvGWswcgiVY71+Eqpm3</latexit>

|4, g→

<latexit sha1_base64="NzezcWcxeq+5Qp4bYWXhajsl+jU=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4kNCTzXgLevEYwSyYhNDTqSRNenqG7h4hDLn7AV71E7yJV3/DL/A37CyCEX1Q8Hiviqp6Xii4NoR8OImV1bX1jeRmamt7Z3cvvX9Q10GkGNRYIALV9KgGwSXUDDcCmqEC6nsCGt7oauo37kFpHshbMw6h49OB5H3OqLHSXXsEJnbPMEy66QzJXpBcMe9ikiUWBTIlxXyuUMbuTCEkgxaodtOf7V7AIh+kYYJq3XJJaDoxVYYzAZNUO9IQUjaiA2hZKqkPuhPPLp7gE6v0cD9QtqTBM/XnREx9rce+Zzt9aob6tzcV//JakemXOzGXYWRAsvmifiSwCfD0fdzjCpgRY0soU9zeitmQKsqMDWlpSzgca870JGWT+X4f/0/quaxbypZuCpnK5SKjJDpCx+gUuegcVdA1qqIaYkiiR/SEnp0H58V5dd7mrQlnMXOIluC8fwE+g5mJ</latexit>

|1, e→
<latexit sha1_base64="mlrIwSm4eZ9v4S1hpLsQCFig/bs=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4kNCTzXgLevEYwSyYhNDTqSRNenqG7h4hDLn7AV71E7yJV3/DL/A37CyCEX1Q8Hiviqp6Xii4NoR8OImV1bX1jeRmamt7Z3cvvX9Q10GkGNRYIALV9KgGwSXUDDcCmqEC6nsCGt7oauo37kFpHshbMw6h49OB5H3OqLHSXXsEJs6fYZh00xmSvSC5Yt7FJEssCmRKivlcoYzdmUJIBi1Q7aY/272ART5IwwTVuuWS0HRiqgxnAiapdqQhpGxEB9CyVFIfdCeeXTzBJ1bp4X6gbEmDZ+rPiZj6Wo99z3b61Az1b28q/uW1ItMvd2Iuw8iAZPNF/UhgE+Dp+7jHFTAjxpZQpri9FbMhVZQZG9LSlnA41pzpScom8/0+/p/Uc1m3lC3dFDKVy0VGSXSEjtEpctE5qqBrVEU1xJBEj+gJPTsPzovz6rzNWxPOYuYQLcF5/wJBvZmL</latexit>

|3, e→
<latexit sha1_base64="/jHo6rmpMc0pFqz/vHibhIE82p0=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFT7bTdFd24rGAf2JaSSdM2NJMZkowwDLP3A9zqJ7gTt/6GX+BvmD4EK3rgwuGce7n3Hi/kTGmEPqzMyura+kZ2M7e1vbO7l98/aKogkoQ2SMAD2fawopwJ2tBMc9oOJcW+x2nLm1xN/dY9lYoF4lbHIe35eCTYkBGsjXTXnVCdFM/gKO3nC8hG5aqDihDZpdI5ciuGVKsVt1iGjo1mKIAF6v38Z3cQkMinQhOOleo4KNS9BEvNCKdprhspGmIywSPaMVRgn6peMrs4hSdGGcBhIE0JDWfqz4kE+0rFvmc6fazH6rc3Ff/yOpEeVnoJE2GkqSDzRcOIQx3A6ftwwCQlmseGYCKZuRWSMZaYaBPS0pZwHCtGVJozyXy/D/8nzaLtuLZ7c1GoXS4yyoIjcAxOgQPKoAauQR00AAECPIIn8Gw9WC/Wq/U2b81Yi5lDsATr/QuBcJm1</latexit>

|2, g→

<latexit sha1_base64="66ljE5HOcYAUVw377WAQFW7LbsE=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFT22m7K7pxWcG2YltKJk3b0ExmSDLCMMzeD3Crn+BO3PobfoG/YfoQrOiBC4dz7uXee7yQM6UR+rAyK6tr6xvZzdzW9s7uXn7/oKWCSBLaJAEP5K2HFeVM0KZmmtPbUFLse5y2vcnl1G/fU6lYIG50HNKej0eCDRnB2kh33QnVSekMjtJ+voBsVKk5qAiRXS6fI7dqSK1WdYsV6NhohgJYoNHPf3YHAYl8KjThWKmOg0LdS7DUjHCa5rqRoiEmEzyiHUMF9qnqJbOLU3hilAEcBtKU0HCm/pxIsK9U7Hum08d6rH57U/EvrxPpYbWXMBFGmgoyXzSMONQBnL4PB0xSonlsCCaSmVshGWOJiTYhLW0Jx7FiRKU5k8z3+/B/0irajmu716VC/WKRURYcgWNwChxQAXVwBRqgCQgQ4BE8gWfrwXqxXq23eWvGWswcgiVY71+Eqpm3</latexit>

|4, g→

<latexit sha1_base64="3GM7BxBmLZAQcbuDFRDcavlPbw4=">AAACBnicbVDLTgIxFO3gC/GFunTTSExckRkW6JLoxiUm8ogwIZ1yBxo6nabtmEwm7P0At/oJ7oxbf8Mv8DcsMAsBT9Lk5Jx7c09PIDnTxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhRFFo05rHqBkQDZwJahhkOXamARAGHTjC5nfmdJ1CaxeLBpBL8iIwECxklxkqPLSlBYUnMeFCuuFV3DrxOvJxUUI7moPzTH8Y0iUAYyonWPc+Vxs+IMoxymJb6iQZJ6ISMoGepIBFoP5snnuILqwxxGCv7hMFz9e9GRiKt0yiwk5ENp1e9mfif10tMeO1nTMjEgKCLQ2HCsYnx7Pt4yBRQw1NLCFXMZsV0TBShxpa0dEWOU82onpZsM95qD+ukXat69Wr9vlZp3OQdFdEZOkeXyENXqIHuUBO1EEUCvaBX9OY8O+/Oh/O5GC04+c4pWoLz9QuQNZm4</latexit>

Upper path

<latexit sha1_base64="dObEgn47DU9RgMFsiAd0BiTj5L0=">AAACBnicbVDLTgIxFO3gC/GFunTTSExckRkW6JLoxoULTOQRYUI65Q40dNpJ29FMCHs/wK1+gjvj1t/wC/wNC8xCwJM0OTnn3tzTE8ScaeO6305ubX1jcyu/XdjZ3ds/KB4eNbVMFIUGlVyqdkA0cCagYZjh0I4VkCjg0ApG11O/9QhKMynuTRqDH5GBYCGjxFjp4VY+gcIxMcNeseSW3RnwKvEyUkIZ6r3iT7cvaRKBMJQTrTueGxt/TJRhlMOk0E00xISOyAA6lgoSgfbHs8QTfGaVPg6lsk8YPFP/boxJpHUaBXYysuH0sjcV//M6iQkv/TETcWJA0PmhMOHYSDz9Pu4zBdTw1BJCFbNZMR0SRaixJS1ciYepZlRPCrYZb7mHVdKslL1quXpXKdWuso7y6ASdonPkoQtUQzeojhqIIoFe0Ct6c56dd+fD+ZyP5pxs5xgtwPn6BYtCmbU=</latexit>

Lower path

Werner et al. - “Terrestrial Gravitational Wave Detection with Atom Interferometers” (2026)
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Propagation phase

1000 rad !!!
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Sagnac effect

light:

matter:

→→

⋅=φ ΩA
c
E

h
4πδ 2Sagnac

→→

⋅=φ ΩA
λc
4πδ Sagnac

→→

⋅=φ ΩAm
h
4πδ atSagnac

1110≈
⋅⋅

=
ΔΦ

ΔΦ

h
cmat

light
Sagnac

atoms
Sagnac

λ
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Fundamental Physics crisis

11

Extreme sensitivity of quantum sensors unveils… 

Violations of General Relativity postulates
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Overview 

▪ Bragg diffraction with 785 nm wavelength


▪ Beam path through chip window


▪ Three PI-teams working on interferometry


▪ J. Williams (JPL)


Geometries used so far by CUAS 

▪ 2-pulse shear-Ramsey


▪ 3(4)-pulse (differential) Mach-Zehnder


▪ 5-pulse differential butterfly

Atom Interferometry in Orbit

Nature Comm. 13, 7889 (2022) 
Nature 623, 502 (2023) 
Nature Comm.  15, 6414 (2024) 
Nature Comm. 17, 6089 (2026)     
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Gravitational Wave Detection

L. Badurina et al. arXiv: 2108.02468

❖‘Mid-band’ sensitivity 
between LIGO and LISA.
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Ultralight mass means a 
high occupation number 

Can describe as a classical 
field

Badurina et al. arxiv: 2109.10965

Ultra-light Dark Matter



Naceur Gaaloul “AEDGE: Atomic Experiment for Dark Matter and Gravity Exploration in Space,” EPJ Quantum Technology 7:6 (2020) 

Mission Concept
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Thank you very much

• AEDGE collaboration


• STE-QUEST consortium (ESA)


• The CARIOQA consortium (EU)


• The CAL consortia (NASA)

gaaloul@iqo.uni-hannover.de

Codes and Contact!
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