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What is Backreaction?



(QFTCS)

Quantum Field Theory in 
Curved Spacetime

• ‘Given’ classical Spacetime 

• Matter resides on given 
spacetime

<latexit sha1_base64="4jvC9oQQZPk3sqE5cfPHrPoklIU=">AAACK3icbVDLTgIxFO3gC/GFunTTSExwQ2aMQZcEF7rEKI+EmZBO6UBD25m0HRIymf9x46+40IWPuPU/LDALBU7S5OSce9Nzjx8xqrRtf1q5tfWNza38dmFnd2//oHh41FJhLDFp4pCFsuMjRRgVpKmpZqQTSYK4z0jbH91M/faYSEVD8agnEfE4GggaUIy0kXrF+kMvcSWHtxKN07LLkR4GEo2SQWp0HrsiTs+hS7nJQhRc6feKJbtizwCXiZOREsjQ6BVf3X6IY06Exgwp1XXsSHsJkppiRtKCGysSITxCA9I1VCBOlJfMbk3hmVH6MAileULDmfp3I0FcqQn3zeQ0rFr0puIqrxvr4NpLqIhiTQSefxTEDOoQTouDfSoJ1mxiCMKSmqwQD5FEWJt6C6YEZ/HkZdK6qDjVSvX+slSrZ3XkwQk4BWXggCtQA3egAZoAgyfwAt7Bh/VsvVlf1vd8NGdlO8fgH6yfXxODqXk=</latexit>

SGrav(gµω) =→ gµω

where
<latexit sha1_base64="eQh0wBy3eD83VmMFnMUMZac+gVI="></latexit>

↭ =
1→
↑g

ωµ(
→
↑ggµωωω)

<latexit sha1_base64="Xb4VZacDH225/760nmxZxnxKHeA="></latexit>

SMatter(gµω , ω̂)
<latexit sha1_base64="m0rl6YUHgZ6UGkVHdOKeaw4q4Gk=">AAACDXicbVA9SwNBEN3zM8avU0ubxSgoQrgLEm2EEBtLBWOEXAx7m4lZsnt37M6J4cgfsPGv2FgoYmtv579xE1No9MHA470ZZuaFiRQGPe/TmZqemZ2bzy3kF5eWV1bdtfVLE6eaQ43HMtZXITMgRQQ1FCjhKtHAVCihHvZOhn79FrQRcXSB/QSait1EoiM4Qyu13O1AKLsHDN0NqvEd3VfXpb2gyzALsAvIBvSYei234BW9Eehf4o9JgYxx1nI/gnbMUwURcsmMafhegs2MaRRcwiAfpAYSxnvsBhqWRkyBaWajbwZ0xypt2om1rQjpSP05kTFlTF+FtlMx7JpJbyj+5zVS7Bw1MxElKULEvxd1UkkxpsNoaFto4Cj7ljCuhb2V8i7TjKMNMG9D8Cdf/ksuS0W/XCyfHxQq1XEcObJJtsgu8ckhqZBTckZqhJN78kieyYvz4Dw5r87bd+uUM57ZIL/gvH8BKUyaWw==</latexit>

=→ (↭+m2)ω̂ = 0

we choose vacuum for simplicity

<latexit sha1_base64="J7GU42swRQERHTMgw30N2wYiNVY=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WpCCURqW6EogtdVrAPaEq5mU7aoZNJmJkIJeQj3Pgrblwo4taFO//G6WOh1QMXDufcy733+DFnSjvOl5VbWFxaXsmvFtbWNza37O2dhooSSWidRDySLR8U5UzQumaa01YsKYQ+p01/eDX2m/dUKhaJOz2KaSeEvmABI6CN1LWPr7upBzwegOdTDVnJC0EPAgnDtJ8ZK0w8kWRH+PACO1276JSdCfBf4s5IEc1Q69qfXi8iSUiFJhyUartOrDspSM0Ip1nBSxSNgQyhT9uGCgip6qSTpzJ8YJQeDiJpSmg8UX9OpBAqNQp90zk+Wc17Y/E/r53o4LyTMhEnmgoyXRQkHOsIjxPCPSYp0XxkCBDJzK2YDEAC0SbHggnBnX/5L2mclN1KuXJ7WqxezuLIoz20j0rIRWeoim5QDdURQQ/oCb2gV+vRerberPdpa86azeyiX7A+vgFctZ5d</latexit>

Gωε(gµϑ) = 0



For BEC Model

Analogue Gravity

• ‘Given’ Spacetime 

• Matter resides on given 
spacetime

<latexit sha1_base64="yam6D/DqkxVlP61SaS2fmpTZ374="></latexit>

iωtε0 =
(
→ 1

2
↑2 + Uext + g|ε0|2

)
ε0

<latexit sha1_base64="bw0FxrJy7rYperseNFSGeo+M65s=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0WoICURqW6EohuXFewDmhAm00k6dGYSZiZCCf0dN/6KGwVF3fojTh8LbXvgwuGce7n3njBlVGnH+bIKK6tr6xvFzdLW9s7unr1/0FJJJjFp4oQlshMiRRgVpKmpZqSTSoJ4yEg7HNyO/fYjkYom4kEPU+JzFAsaUYy0kQK77lFu9hAFPY50P5JokMejIPd45olsBK+X65X4zEv7NHBOA7vsVJ0J4CJxZ6QMZmgE9pvXS3DGidCYIaW6rpNqP0dSU8zIqORliqQID1BMuoYKxIny88mnI3hilB6MEmlKaDhR/07kiCs15KHpHJ+t5r2xuMzrZjq68nMq0kwTgaeLooxBncBxbLBHJcGaDQ1BWFJzK8R9JBHWJtySCcGdf3mRtM6rbq1au78o129mcRTBETgGFeCCS1AHd6ABmgCDJ/AC3sGH9Wy9Wp/W97S1YM1mDsE/WD+/aMCn7A==</latexit>

=→ gµω = gµω(g,ω0)

<latexit sha1_base64="dFQ+0c2qwcs/SCFal9qUmnnfoBE="></latexit>

iωtε̂0 =
(
→ 1

2
↑2 → ↑ϑ0

ϑ0
·↑

)
ε̂0

+ g|ϑ0|2(ε̂0 + ε̂†
0)

where
<latexit sha1_base64="21AZD5X+uuMn0v9nZ/eNlJ5o/EQ=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoC0siUt0IRTcuK9gHNCFMppN26OTBzI1QQr/Cjb/ixoUibsWdf+O0zcK2Hhg495x7uXOPnwiuwLJ+jMLK6tr6RnGztLW9s7tn7h+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaHtxO//cik4nH0AKOEuSHpRzzglICWPPPMGRDIHBgwIGPPwtd4XqjMykRxXZx6ZtmqWlPgZWLnpIxyNDzz2+nFNA1ZBFQQpbq2lYCbEQmcCjYuOaliCaFD0mddTSMSMuVm07PG+EQrPRzEUr8I8FT9O5GRUKlR6OvOkMBALXoT8T+vm0Jw5WY8SlJgEZ0tClKBIcaTjHCPS0ZBjDQhVHL9V0wHRBIKOsmSDsFePHmZtM6rdq1au78o12/yOIroCB2jCrLRJaqjO9RATUTRE3pBb+jdeDZejQ/jc9ZaMPKZQzQH4+sX3xifMg==</latexit>

ω̂0 = ω̂0(ε̂0)

<latexit sha1_base64="eYoxXT/PzZBERrGuGmeZcpeNMJI=">AAACC3icbVA9SwNBEN3z2/gVtbRZEoSIEO6CRMsQG0sFYwK5GPY2k2TJ7t2xOyeGI72Nf8XGQhFb/4Cd/8ZNTKGJDwYe780wMy+IpTDoul/OwuLS8srq2npmY3Nreye7u3djokRzqPFIRroRMANShFBDgRIasQamAgn1YHA+9ut3oI2IwmscxtBSrBeKruAMrdTO5nyh7B4wtOBXo3t6rG5LR36fYepjH5CN2m47m3eL7gR0nnhTkidTXLazn34n4omCELlkxjQ9N8ZWyjQKLmGU8RMDMeMD1oOmpSFTYFrp5JcRPbRKh3YjbStEOlF/T6RMGTNUge1UDPtm1huL/3nNBLtnrVSEcYIQ8p9F3URSjOg4GNoRGjjKoSWMa2FvpbzPNONo48vYELzZl+fJTanolYvlq5N8pTqNY40ckBwpEI+ckgq5IJekRjh5IE/khbw6j86z8+a8/7QuONOZffIHzsc3mX6aKQ==</latexit>

=→ (↭+m2)ω̂0

<latexit sha1_base64="nQcAvHxd9IH4r7pOnB93vOibI5c=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5TdItWLUPTisYL9gHYt2TTbhibZNckKZemf8OJBEa/+HW/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwehm6reeqNIskvdmHFNf4IFkISPYWKktHiroCrlnvWLJLbszoGXiZaQEGeq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n87unaATq/RRGClb0qCZ+nsixULrsQhsp8BmqBe9qfif10lMeOmnTMaJoZLMF4UJRyZC0+dRnylKDB9bgoli9lZEhlhhYmxEBRuCt/jyMmlWyl61XL07L9WuszjycATHcAoeXEANbqEODSDA4Rle4c15dF6cd+dj3ppzsplD+APn8wcGtY6r</latexit>

m2 = 0,



Backreaction?
• Since matter and background 
are interacting, i.e., (using 
effective action for matter) 

• It appears as a modification 
term on the equation of 
motion for the background 
spacetime.

<latexit sha1_base64="9OUjHCR9+3VIXUZfdn4D4YienxA="></latexit>

STotal

(
gµω , ω̂

)
=→ gµω

<latexit sha1_base64="CIcJ6LkZZcEGOd5Mk9VW+oHKSqA="></latexit>

Gωε(gµϑ) = →T̂ωε↑
+Quantum...

<latexit sha1_base64="0Hml/gApByFJJWl5owzdtm59+Qc="></latexit>

ω!Matter

ωgωε
:= →T̂ωε↑ ↓= 0

<latexit sha1_base64="ZLCAeV8+h67X+tmwRPRNdZ7VYDA=">AAACFHicbVDLSgNBEJyNrxhfqx69DAZBEMKuSPQiBD3oRYhoEiEJoXcyMUNmH8z0BsKyH+HFX/HiQRGvHrz5N06SFXwVNNRUdTPd5UVSaHScDys3Mzs3v5BfLCwtr6yu2esbdR3GivEaC2WobjzQXIqA11Cg5DeR4uB7kje8wenYbwy50iIMrnEU8bYPt4HoCQZopI69d9VJWsqnGCLIlB7T7H2mYJh+mReAyFXasYtOyZmA/iVuRookQ7Vjv7e6IYt9HiCToHXTdSJsJ6BQMMnTQivWPAI2gFveNDQAn+t2MjkqpTtG6dJeqEwFSCfq94kEfK1Hvmc6fcC+/u2Nxf+8Zoy9o3YigihGHrDpR71YmgjoOCHaFYozlCNDgClhdqWsDwqYyUAXTAju75P/kvp+yS2XypcHxcpJFkeebJFtsktcckgq5JxUSY0wckceyBN5tu6tR+vFep225qxsZpP8gPX2CRAunjw=</latexit>

Stotal = SGrav + SMatter



Backreaction 
in Analogue Gravity

• In the linear theory, (Gross-
Pitaevskii equation), 
quantum field does not 
affect the classical field 
dynamics. 

• One needs higher-order 
correction in mean field.

<latexit sha1_base64="yam6D/DqkxVlP61SaS2fmpTZ374="></latexit>

iωtε0 =
(
→ 1

2
↑2 + Uext + g|ε0|2

)
ε0

<latexit sha1_base64="bhsvF4SSAKCLy/68tlYCCBE6Q8o=">AAACInicbVDLSgMxFM34rPU16tJNsAiCUGZEfCwE0Y3LClaFzjBk0ts2mHmQ3BHrMN/ixl9x40JRV4IfYzp2oa0HAodzzs1NTphKodFxPq2JyanpmdnKXHV+YXFp2V5ZvdRJpjg0eSITdR0yDVLE0ESBEq5TBSwKJVyFN6cD/+oWlBZJfIH9FPyIdWPREZyhkQL70EO4w/KeXEG7yL20JwJe0CNaMoeOBrapdw/IisCuOXWnBB0n7pDUyBCNwH732gnPIoiRS6Z1y3VS9HOmUHAJRdXLNKSM37AutAyNWQTaz8vNBd00Spt2EmVOjLRUf0/kLNK6H4UmGTHs6VFvIP7ntTLsHPi5iNMMIeY/izqZpJjQQV+0LRRwlH1DGFfCvJXyHlOMo2m1akpwR788Ti536u5efe98t3Z8MqyjQtbJBtkiLtknx+SMNEiTcPJAnsgLebUerWfrzfr4iU5Yw5k18gfW1zcqJaVJ</latexit>

ωc = ω0+ε

.-- -→



Backreaction 
in Analogue Gravity

• No clear distinction between 
background and matter. 

• The background (spacetime) 
needs to be approximated 
to the known solution 
(Mean-Field) in the limit that 
backreaction is neglected. 

• The quantum field should be 
approximated to the known 
form (Bogoliubov de 
Gennes) in the limit that the 
backreaction is neglected.

<latexit sha1_base64="p71krPhRaeFm2vd1+XQFTus1BKo=">AAACJXicbVDLSgMxFM34tr5GXboJFlERyoxIdaHgY+Oygq1CZyiZ9NaGZh4kd8QyzM+48VfcuLCI4MpfMZ124etA4HDOucnNCRIpNDrOhzUxOTU9Mzs3X1pYXFpesVfXGjpOFYc6j2WsbgOmQYoI6ihQwm2igIWBhJugdzH0b+5BaRFH19hPwA/ZXSQ6gjM0Uss+9roMM6+mRU5PqIfwgMWlmYJ2nnlJV7T4dr7j0j06SiYmuVvQs7xll52KU4D+Je6YlMkYtZY98NoxT0OIkEumddN1EvQzplBwCXnJSzUkjPfYHTQNjVgI2s+KhXK6ZZQ27cTKnAhpoX6fyFiodT8MTDJk2NW/vaH4n9dMsXPkZyJKUoSIjx7qpJJiTIeV0bZQwFH2DWFcCbMr5V2mGEdTbMmU4P7+8l/S2K+41Ur16qB8ej6uY45skE2yQ1xySE7JJamROuHkkTyTVzKwnqwX6816H0UnrPHMOvkB6/ML9yuljQ==</latexit>

!̂ = ω→
c(1 + ε̂)Â

<latexit sha1_base64="ZsZG+4hnZEgnL1lQO9nBMmZ8vas=">AAACJHicbVDLSgMxFM3Ud32NunQTLIIilBmRKojgY+OyglWhM5RMetuGZh4kd8QyzMe48VfcuPCBCzd+i+m0C18HAodzzk1uTpBIodFxPqzSxOTU9MzsXHl+YXFp2V5ZvdJxqjg0eCxjdRMwDVJE0ECBEm4SBSwMJFwH/bOhf30LSos4usRBAn7IupHoCM7QSC370OsxzLy6Fjk9oh7CHRaXZgraeeYlPdHi+ZZLd+gomJjgdkFP8pZdcapOAfqXuGNSIWPUW/ar1455GkKEXDKtm66ToJ8xhYJLyMteqiFhvM+60DQ0YiFoPyv2yemmUdq0EytzIqSF+n0iY6HWgzAwyZBhT//2huJ/XjPFzoGfiShJESI+eqiTSooxHTZG20IBRzkwhHElzK6U95hiHE2vZVOC+/vLf8nVbtWtVWsXe5Xj03Eds2SdbJAt4pJ9ckzOSZ00CCf35JE8kxfrwXqy3qz3UbRkjWfWyA9Yn1+FDaVc</latexit>

!̂ = ωc(1 + ε̂)Â



Number-Conserving 
Formulation



Note that in real experiment, the number of particles are finite

Formalism

• Dynamics of Contact Interacting Bose Gas: 

• U(1)-Conserving Ansatz: 

• Dilute Gas:

<latexit sha1_base64="gxH9EN0XMxySwYEZtU5fOHCqJDo="></latexit>

Ĥ =

∫
ddx

[
1

2
→!̂†(ωx) ·→!̂(ωx) + U(x)!̂†(x)!̂(x) +

g

2
!̂†(ωx)!̂†(ωx)!̂(ωx)!̂(ωx)

]

<latexit sha1_base64="3wm/7rs0d0Gh7WGy9KMcubS5+q0="></latexit>

iωt!̂ =
(
→ 1

2
↑2 + Uext + g!̂†!̂

)
!̂

<latexit sha1_base64="A8yDOtYrRkGgzCf6l1fk/fUIawc="></latexit>

!̂ = ωc(1 + ε̂)
Â√
N̂

<latexit sha1_base64="0sPsDhvEfmqY1gC1K8/+j6wob+8=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCq5KI1G6EihtXUsFeoIllMjlNh04uzEyEErJ146u4caGIW9/AnW/jtM1CW38Y+OY/5zBzfi/hTCrL+jaWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousRCZxF0FJMcegmAkjoceh4o6tJvfMAQrI4ulPjBNyQBBEbMEqUtvomdoZEZTc5vpjRZX7v+CQIQBTXvlmxqtZUeBHsAiqoULNvfjl+TNMQIkU5kbJnW4lyMyIUoxzyspNKSAgdkQB6GiMSgnSz6SY5PtaOjwex0CdSeOr+nshIKOU49HRnSNRQztcm5n+1XqoGdTdjUZIqiOjsoUHKsYrxJBbsMwFU8bEGQgXTf8V0SAShSodX1iHY8ysvQvu0ateqtduzSqNexFFCh+gInSAbnaMGukZN1EIUPaJn9IrejCfjxXg3PmatS0Yxc4D+yPj8AUSrmhA=</latexit>

N̂ = Â†Â
<latexit sha1_base64="giF3Ylq/5b2gfCu50cQHkaPYbms=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkoiUrsRCm5caQX7gCaEyXTaDp1M4sxEKCEbN/6KGxeKuPUf3Pk3TtostPXAhcM593LvPX7EqFSW9W0UlpZXVteK66WNza3tHXN3ry3DWGDSwiELRddHkjDKSUtRxUg3EgQFPiMdf3yZ+Z0HIiQN+Z2aRMQN0JDTAcVIackzD51oRD184QRIjTBiyU1aceS9UMl1euKZZatqTQEXiZ2TMsjR9Mwvpx/iOCBcYYak7NlWpNwECUUxI2nJiSWJEB6jIelpylFApJtMv0jhsVb6cBAKXVzBqfp7IkGBlJPA153ZsXLey8T/vF6sBnU3oTyKFeF4tmgQM6hCmEUC+1QQrNhEE4QF1bdCPEICYaWDK+kQ7PmXF0n7tGrXqrXbs3KjnsdRBAfgCFSADc5BA1yBJmgBDB7BM3gFb8aT8WK8Gx+z1oKRz+yDPzA+fwCRRJia</latexit>

ωc = O(
→

N)
<latexit sha1_base64="BMqHLqkM89A87cqxJ0I/UHNtYkY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoC2tSpHYjFNy40gr2AU0sk+m0HTqZhJmJUEK2bvwVNy4UcesfuPNvnLRZaOuBC4dz7uXee7yQUaks69vILS2vrK7l1wsbm1vbO+buXksGkcCkiQMWiI6HJGGUk6aiipFOKAjyPUba3vgy9dsPREga8Ds1CYnroyGnA4qR0lLPhM4IqdgJJU0uHB+pEUYsvklK1/fxiX1aSY57ZtEqW1PARWJnpAgyNHrml9MPcOQTrjBDUnZtK1RujISimJGk4ESShAiP0ZB0NeXIJ9KNp58k8EgrfTgIhC6u4FT9PREjX8qJ7+nO9Fg576Xif143UoOaG1MeRopwPFs0iBhUAUxjgX0qCFZsognCgupbIR4hgbDS4RV0CPb8y4ukVSnb1XL19qxYr2Vx5MEBOAQlYINzUAdXoAGaAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx+T5pmT</latexit>

ω̂ = O(N→1/2)
<latexit sha1_base64="TYDlP6Y2Zy+7AxTF0rT0vCwZf9c=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurAkIrUboeDGlVawD2hjmUyn7dDJJMxMhBIC/oobF4q49Tvc+TdO2iy09cDA4Zx7uWeOFzIqlW1/G7ml5ZXVtfx6YWNza3vH3N1ryiASmDRwwALR9pAkjHLSUFQx0g4FQb7HSMsbX6V+65EISQN+ryYhcX005HRAMVJa6pkHw8uuj9QIIxbfJqWbh/jUSU56ZtEu21NYi8TJSBEy1HvmV7cf4MgnXGGGpOw4dqjcGAlFMSNJoRtJEiI8RkPS0ZQjn0g3nsZPrGOt9K1BIPTjypqqvzdi5Es58T09mUaV814q/ud1IjWoujHlYaQIx7NDg4hZKrDSLqw+FQQrNtEEYUF1VguPkEBY6cYKugRn/suLpHlWdirlyt15sVbN6sjDIRxBCRy4gBpcQx0agCGGZ3iFN+PJeDHejY/ZaM7IdvbhD4zPHyfxlPI=</latexit>

g = O(N→1)

where is a total number of particle operator
is a U(1)-conserving order parameter

is a U(1)-conserving quantum fluctuation.

 Phys. Rev. D 72, 105005 (2005).

M. Girardeau and R. Arnowitt, Phys. Rev. 113, 755 (1959)

C. W. Gardiner, Phys. Rev. A 56, 1414 (1997);
M. D. Girardeau, ibid. 58, 775 (1998).

Y. Castin and R. Dum, Phys. Rev. A 57, 3008 (1998).



Formalism (Classical Background)

• Amended Gross-Pitaevskii Equation: 

• Classical Fluid Variables: 

• Continuity-like Equation: 

• Euler-like Equation:

<latexit sha1_base64="Yp6DjFPIkITiGz7LtOMFtrbjKsI="></latexit>

iωtεc =
(
→ 1

2
↑2 + Uext + g|εc|2

)
εc+g|εc|2

(
2↓ϑ̂†ϑ̂↔+ ↓ϑ̂2↔

)
εc

<latexit sha1_base64="lt332mZLcxviM2/z7lf9bsPl8bo="></latexit>

ωtεc +→ · (ϑϖc) = εc!C

<latexit sha1_base64="bxvo3aWb125Dh3lFQCrCiks8+NA="></latexit>

ωc := ε→
cεc, ϑϖc := →[ε→

c↑εc],
<latexit sha1_base64="FVUri9wawbwkqzdbCM3LbRJWqvU=">AAACGnicbVDJSgNBEO1xjXGLevTSGARPYUYk5hjw4jGCWSATh55OJdOkZ0l3TSAM+Q4v/ooXD4p4Ey/+jZ3loIkPCh7vVVFVz0+k0Gjb39ba+sbm1nZuJ7+7t39wWDg6bug4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/uJn6zREoLeLoHscJdELWj0RPcIZG8gqOmwTC49SFYSpG1NVDhZmrgtjjEzdkGKgwg8lDJlwMAJlRvULRLtkz0FXiLEiRLFDzCp9uN+ZpCBFyybRuO3aCnYwpFFzCJO+mGhLGB6wPbUMjFoLuZLPXJvTcKF3ai5WpCOlM/T2RsVDrceibzum1etmbiv957RR7lU4moiRFiPh8US+VFGM6zYl2hQKOcmwI40qYWykPmGIcTZp5E4Kz/PIqaVyWnHKpfHdVrFYWceTIKTkjF8Qh16RKbkmN1Aknj+SZvJI368l6sd6tj3nrmrWYOSF/YH39AJIgonU=</latexit>

ωc →
↑
εce

iωc

<latexit sha1_base64="11gAJ7z0hujLA6BWuttmZRJFvZ4="></latexit>

ωtεc →
1

2
↑
ϑc

↓2↑ϑc +
1

2
(↓εc)

2 + Uext + gϑc+!E = 0



Finite-Size One-Dimensional Homogeneous Gas

Modification of Background Spacetime

<latexit sha1_base64="HWKANrz/9rNriC6pCZaUkbSrbxY=">AAACBXicbZDLSsNAFIYnXmu9RV3qYrAIglASkepGKLpxWcFeoAlhMp20QyczYWYi1NCNG1/FjQtF3PoO7nwbp2kW2vrDwMd/zuHM+cOEUaUd59taWFxaXlktrZXXNza3tu2d3ZYSqcSkiQUTshMiRRjlpKmpZqSTSILikJF2OLye1Nv3RCoq+J0eJcSPUZ/TiGKkjRXYB54ciADDS5iDA0+m4D0QjQK74lSdXHAe3AIqoFAjsL+8nsBpTLjGDCnVdZ1E+xmSmmJGxmUvVSRBeIj6pGuQo5goP8uvGMMj4/RgJKR5XMPc/T2RoVipURyazhjpgZqtTcz/at1URxd+RnmSasLxdFGUMqgFnEQCe1QSrNnIAMKSmr9CPEASYW2CK5sQ3NmT56F1WnVr1drtWaV+VcRRAvvgEBwDF5yDOrgBDdAEGDyCZ/AK3qwn68V6tz6mrQtWMbMH/sj6/AGcGJdl</latexit>

ωc = ω0 + ωω

<latexit sha1_base64="MD8mDJJ8yBvJpeXLwTJAdz6PfEk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX/jps1Bqw8GHu/NMDMvTDjTxvO+nNLa+sbmVnm7srO7t39QPTzq6DhVFNs05rHqhUQjZxLbhhmOvUQhESHHbji9zf3uIyrNYvlgZgkGgowlixglJpcGyPmwWvPq3gLuX+IXpAYFWsPq52AU01SgNJQTrfu+l5ggI8owynFeGaQaE0KnZIx9SyURqINscevcPbPKyI1iZUsad6H+nMiI0HomQtspiJnoVS8X//P6qYmug4zJJDUo6XJRlHLXxG7+uDtiCqnhM0sIVcze6tIJUYQaG0/FhuCvvvyXdC7qfqPeuL+sNW+KOMpwAqdwDj5cQRPuoAVtoDCBJ3iBV0c4z86b875sLTnFzDH8gvPxDRD4jkY=</latexit>

ω

<latexit sha1_base64="jOqEEBBMc2tOV+/4cRXxl1Sp7iM=">AAACBnicbVDLSgMxFL3js9bXqEsRgkUQhDIjUt0IRTcuK9gHtMOQSTNt2syDJCPUoSs3/oobF4q49Rvc+Tem01lo64GEk3Pu5eYeL+ZMKsv6NhYWl5ZXVgtrxfWNza1tc2e3IaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve8HriN++pkCwK79Qopk6AeyHzGcFKS655MHAJukQD10In+u48UIWzd8Zcs2SVrQxontg5KUGOmmt+dboRSQIaKsKxlG3bipWTYqEY4XRc7CSSxpgMcY+2NQ1xQKWTZmuM0ZFWusiPhD6hQpn6uyPFgZSjwNOVAVZ9OetNxP+8dqL8CydlYZwoGpLpID/hSEVokgnqMkGJ4iNNMBFM/xWRPhaYKJ1cUYdgz648TxqnZbtSrtyelapXeRwF2IdDOAYbzqEKN1CDOhB4hGd4hTfjyXgx3o2PaemCkffswR8Ynz8yG5cU</latexit>

jc = j0 + jω = jω

system size:
<latexit sha1_base64="1xRAcZJQjfrixeOCbeuCVRKNNvk=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoiUr0IRS8eK/QL2hA22027dLMJu5NCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3CxubW9k5xt7S3f3B4ZB+ftHWcKspaNBax6gZEM8ElawEHwbqJYiQKBOsE44e535kwpXksmzBNmBeRoeQhpwSM5Nv2EN/hoe/0myMGpAKXvl12qs4CeJ24OSmjHA3f/uoPYppGTAIVROue6yTgZUQBp4LNSv1Us4TQMRmynqGSREx72eLyGb4wygCHsTIlAS/U3xMZibSeRoHpjAiM9Ko3F//zeimEt17GZZICk3S5KEwFhhjPY8ADrhgFMTWEUMXNrZiOiCIUTFglE4K7+vI6aV9V3Vq19nRdrt/ncRTRGTpHFeSiG1RHj6iBWoiiCXpGr+jNyqwX6936WLYWrHzmFP2B9fkDd0iSRw==</latexit>

g = g0!(t)
<latexit sha1_base64="S3nh4zEEsY+3iAON+cmmuIAWAgw=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4j5CXJEmYnk2TI7Owy0yuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VxFIYdN1vZ219Y3NrO7eT393bPzgsHB03TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXju5nfeuLaiEjVcRJzP6RDJQaCUbTSY7c+4khLeNErFN2yOwdZJV5GipCh1it8dfsRS0KukElqTMdzY/RTqlEwyaf5bmJ4TNmYDnnHUkVDbvx0fvCUnFulTwaRtqWQzNXfEykNjZmEge0MKY7MsjcT//M6CQ5u/FSoOEGu2GLRIJEEIzL7nvSF5gzlxBLKtLC3EjaimjK0GeVtCN7yy6ukeVn2KuXKw1WxepvFkYNTOIMSeHANVbiHGjSAQQjP8ApvjnZenHfnY9G65mQzJ/AHzucPF8WP9g==</latexit>

!(t)
<latexit sha1_base64="Znp3cR+F0EtGc9XijRGKgP0wRVg=">AAAB/nicbVBNSwMxEM36WevXqnjyEiyCp7IrUr0IRS8eK9gPaJclm6ZtaDZZklmxLAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRclghvwvG9naXlldW29sFHc3Nre2XX39htGpZqyOlVC6VZEDBNcsjpwEKyVaEbiSLBmNLyZ+M0Hpg1X8h5GCQti0pe8xykBK4XuYT/0rjrAHkHHGVXSAJEwDt2SV/amwIvEz0kJ5aiF7lenq2gaMwlUEGPavpdAkBENnAo2LnZSwxJCh6TP2pZKEjMTZNPzx/jEKl3cU9qWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwyLpMUmKSzRb1UYFB4kgXucs0oiJElhGpub8V0QDShYBMr2hD8+ZcXSeOs7FfKlbvzUvU6j6OAjtAxOkU+ukBVdItqqI4oytAzekVvzpPz4rw7H7PWJSefOUB/4Hz+AOM8lh0=</latexit>

g0 = constant

quench the interaction:
is a Heaviside step function, 

Phys. Rev. A 106, 053319 (2022)

---



Modification of Density from Condensate

Measurable Effect

For Finite-Size Homogeneous One-Dimensional Bose Gas

<latexit sha1_base64="9+3Ozo4WsJP2IR5xsSH8Ppff2To=">AAACJXicbVDLSgMxFM34rPVVdekmWARXZUZEXSiIblwqWBWaWu6ktzPBTGZIMkIZ+jNu/BU3LiwiuPJXTMeCzwOBwznncnNPmElhrO+/eROTU9Mzs5W56vzC4tJybWX10qS55tjkqUz1dQgGpVDYtMJKvM40QhJKvApvT0b+1R1qI1J1YfsZthOIlOgJDtZJndoB03HaYTwW9JCW3GcSVCSRxWALlhkxuGFdiCLUXwrTZaRTq/sNvwT9S4IxqZMxzjq1IeumPE9QWS7BmFbgZ7ZdgLaCSxxUWW4wA34LEbYcVZCgaRfllQO66ZQu7aXaPWVpqX6fKCAxpp+ELpmAjc1vbyT+57Vy29tvF0JluUXFPxf1ckltSkeV0a7QyK3sOwJcC/dXymPQwK0rtupKCH6f/JdcbjeC3cbu+U796HhcR4Wskw2yRQKyR47IKTkjTcLJPXkkz2ToPXhP3ov3+hmd8MYza+QHvPcPfE6mjQ==</latexit>

ωω = ω0→ε̂†ε̂↑



For Optical Soliton

Measurable Effect

Fundamental Soliton Background:

Photon Density Distortion

<latexit sha1_base64="A/Se4h0Q9iymRWkuos87s5swNcM=">AAACF3icbVDJSgNBEO1xjXEb9eilMQgeQpwJEr0IQS8eI5gFMuPQ06kkTXoWunvEMMxfePFXvHhQxKve/Bs7i6CJDwoe71VRVc+POZPKsr6MhcWl5ZXV3Fp+fWNza9vc2W3IKBEU6jTikWj5RAJnIdQVUxxasQAS+Bya/uBy5DfvQEgWhTdqGIMbkF7IuowSpSXPLDlxn3kWPsdOQFRfBKkE2s+cIr53ij8SZLcpw+q4nHlmwSpZY+B5Yk9JAU1R88xPpxPRJIBQUU6kbNtWrNyUCMUohyzvJBJiQgekB21NQxKAdNPxXxk+1EoHdyOhK1R4rP6eSEkg5TDwdefoUjnrjcT/vHaiumduysI4URDSyaJuwrGK8Cgk3GECqOJDTQgVTN+KaZ8IQpWOMq9DsGdfnieNcsmulCrXJ4XqxTSOHNpHB+gI2egUVdEVqqE6ougBPaEX9Go8Gs/Gm/E+aV0wpjN76A+Mj28W8Z9J</latexit>

ω0 = sechx eit/2

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t

<latexit sha1_base64="KYho6PGozqekpvcxq78crL8Z8HE=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLIAglEakui25cVrAXaEKYTCfN0MlMmJkIbSi+ihsXirj1Pdz5Nk7bLLT1h4GP/5zDOfOHKaNKO863VVpZXVvfKG9WtrZ3dvfs/YO2EpnEpIUFE7IbIkUY5aSlqWakm0qCkpCRTji8ndY7j0QqKviDHqXET9CA04hipI0V2EeejEXg4Ziez2lMNArsqlNzZoLL4BZQBYWagf3l9QXOEsI1Zkipnuuk2s+R1BQzMql4mSIpwkM0ID2DHCVE+fns+gk8NU4fRkKaxzWcub8ncpQoNUpC05kgHavF2tT8r9bLdHTt55SnmSYczxdFGYNawGkUsE8lwZqNDCAsqbkV4hhJhLUJrGJCcBe/vAzti5pbr9XvL6uNmyKOMjgGJ+AMuOAKNMAdaIIWwGAMnsEreLOerBfr3fqYt5asYuYQ/JH1+QOQwJVR</latexit>

ωω + ωε

in soliton unit.

New J. Phys. 27 015001 (2025)

へ



Sound Wave Kinematics 
 (Is the sound wave still in the 
curved spacetime?)



Formalism (Quantum Field)

• Amended Bogoliubov de Gennes Equation: 

• Madelung Representation: 

• Equation of Motion for Phase Fluctuation:

<latexit sha1_base64="tsdJFiqEdR3GuainUG2837bk6s4="></latexit>

i
(
ωt + εvc ·→+

1

2
!C

)
ϑ̂ = ↑1

2

(
→2 +

→ϖc
ϖc

·→
)
ϑ̂ + gϖc(ϑ̂ + ϑ̂†)↑!Eϑ̂

<latexit sha1_base64="PYaEN6CKRg3xqEPxCg4efUoJUBg="></latexit>

!̂ =
→
ωce

iωc
(
1 +

εω̂

2ωc
+ iεϑ̂

) Â√
N̂

<latexit sha1_base64="n6jVPmc+1xrUNjX/94rxTu8EoEQ="></latexit>

ωε̂ := εc(ϑ̂ + ϑ̂†), ωϖ̂ :=
1

2i
(ϑ̂ → ϑ̂†).

<latexit sha1_base64="4Jn5RuX9PqDtORThdBs4DwZ0a8Q="></latexit>

→ 1

ωc

(
εt +↑ · ϑvc→

1

2
!C

)
ωcD

→1
(
εt + ϑvc ·↑+

1

2
!C

)
ϖϱ̂ +

( 1

ωc
↑ · (ωc↑)+2!E

)
ϖϱ̂ = 0

<latexit sha1_base64="RBGDEbGi42EcgpvRSMVzrfpybvw="></latexit>

D := gωc →
1

4ωc
↑ · (ωc↑)→1

2
!E.where



Geometric Form

• Generalised Sound velocity (Assumption): 

• Geometric form of Equation of Motion for Sound Wave:

<latexit sha1_base64="EkAlGMUC3vMJ6tCJgFmHvbITd2Y=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gMRchoAePEcwDkjXMTmaTIbOzy0yvEEI+wosHRbz6Pd78GyfJHjSxoKGo6qa7K0ikMOi6387a+sbm1nZuJ7+7t39wWDg6bpo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjczv/XEtRGxesBxwv2IDpQIBaNopdYtuSbssdwrFN2SOwdZJV5GipCh3it8dfsxSyOukElqTMdzE/QnVKNgkk/z3dTwhLIRHfCOpYpG3PiT+blTcm6VPgljbUshmau/JyY0MmYcBbYzojg0y95M/M/rpBhW/YlQSYpcscWiMJUEYzL7nfSF5gzl2BLKtLC3EjakmjK0CeVtCN7yy6ukWS55lVLl/rJYq2Zx5OAUzuACPLiCGtxBHRrAYATP8ApvTuK8OO/Ox6J1zclmTuAPnM8fqAyOdQ==</latexit>

D = c2

<latexit sha1_base64="UYeDfHGEHO5zHgKxadl/i69xTws="></latexit>

c2 = gωc +
1

4
k2→1

2
!E

<latexit sha1_base64="w3rvITTXc9sgJpB5yHca8DZ0nLs="></latexit>

c2 = gωc→
1

2
!E

Hydrodynamic Approximation:

Eikonal Approximation:

<latexit sha1_base64="seY1KYO3OLg58/+sYm8rtY5KgK0=">AAACB3icbVDLSgNBEJyNrxhfqx4FWQyCIoTdIOpFCHrxqGCMkI2hd9IxQ2YfzPSKYcnNi7/ixYMiXv0Fb/6Nk5iDJhY0FFXddHcFiRSaXPfLyk1Nz8zO5ecLC4tLyyv26tqVjlPFscpjGavrADRKEWGVBEm8ThRCGEisBd3TgV+7Q6VFHF1SL8FGCLeRaAsOZKSmvbnjn8T3e+FNeddvoSTwO0CZTx0k6B+7TbvoltwhnEnijUiRjXDetD/9VszTECPiErSue25CjQwUCS6xX/BTjQnwLtxi3dAIQtSNbPhH39k2Sstpx8pURM5Q/T2RQah1LwxMZwjU0ePeQPzPq6fUPmpkIkpSwoj/LGqn0qHYGYTitIRCTrJnCHAlzK0O74ACTia6ggnBG395klyVS95B6eBiv1g5GsWRZxtsi+0wjx2yCjtj56zKOHtgT+yFvVqP1rP1Zr3/tOas0cw6+wPr4xvcV5is</latexit>

(↭+m2)ωε̂ = 0

<latexit sha1_base64="Y8RDYdMsqthbE3r8Vz6EXjhcN3U="></latexit>

gµω =
(ωc
c

) 2
d→1



→(c2 → v2c ) →vjc

→vic εij



 .

<latexit sha1_base64="u040E/5J3ZiO4/9fyzv4xNsS0vs="></latexit>

m2 =
( c2

ωc

) 1
d→2

[
→ 1

2c2

(
εt +↑ · ϑvc +

1

2
!C

)
!C + 2!E

]
,where 1



Finite-Size One-Dimensional Homogeneous Gas

Correlation Function Change

<latexit sha1_base64="GfRSxLw7IoQdDRvHvM8FrgG6qc4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh4uK2yuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqalbJXLVfvL0u1myyOPJzAKZyDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AVwyNMg==</latexit>→20
<latexit sha1_base64="a0j/qNvxIeAFhFXF+sBlx6DZ4Gc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO65vVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJoXFa9aqd5flms3eRwFOIYTOAMPrqAGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QNVh40x</latexit>→10

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="N0jF13yyogdjvRGvz3GC6BJJ50U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB8/tlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+wEjPo=</latexit>

10
<latexit sha1_base64="hEyPFA2Fjqzu0CIxa88DblTQCmk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWMV+wFtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Xtl8puxZ2DrBIvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOTTYi81PKFsTIe8a6miETd+Nr90Ss6tMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07RhuAtv7xKWtWKV6vU7i/L9Zs8jgKcwhlcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5A+2JjPs=</latexit>

20
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="GfRSxLw7IoQdDRvHvM8FrgG6qc4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh4uK2yuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqalbJXLVfvL0u1myyOPJzAKZyDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AVwyNMg==</latexit>→20

<latexit sha1_base64="a0j/qNvxIeAFhFXF+sBlx6DZ4Gc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO65vVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJoXFa9aqd5flms3eRwFOIYTOAMPrqAGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QNVh40x</latexit>→10

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="N0jF13yyogdjvRGvz3GC6BJJ50U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB8/tlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+wEjPo=</latexit>

10

<latexit sha1_base64="hEyPFA2Fjqzu0CIxa88DblTQCmk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWMV+wFtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Xtl8puxZ2DrBIvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOTTYi81PKFsTIe8a6miETd+Nr90Ss6tMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07RhuAtv7xKWtWKV6vU7i/L9Zs8jgKcwhlcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5A+2JjPs=</latexit>

20

<latexit sha1_base64="Y1waKbY1/EfR+FZH+rOBwIVSLms=">AAACJnicbVDJSgNBFOyJW4zbqEcvg0FIQMOMSPQiBHPxGMEskAlDT+cladKz0P1GDEO+xou/4sVDRMSbn2JnOWi0oKGoesXrV34suELb/jQyK6tr6xvZzdzW9s7unrl/0FBRIhnUWSQi2fKpAsFDqCNHAa1YAg18AU1/WJ36zQeQikfhPY5i6AS0H/IeZxS15JnXrhxEnu36vF+oeqnbBYHUxQEgHRceT0fFsyXVs+f6NFH0zLxdsmew/hJnQfJkgZpnTtxuxJIAQmSCKtV27Bg7KZXImYBxzk0UxJQNaR/amoY0ANVJZ2eOrROtdK1eJPUL0ZqpPxMpDZQaBb6eDCgO1LI3Ff/z2gn2rjopD+MEIWTzRb1EWBhZ086sLpfAUIw0oUxy/VeLDaikDHWzOV2Cs3zyX9I4LznlUvnuIl+5WdSRJUfkmBSIQy5JhdySGqkTRp7IC5mQN+PZeDXejY/5aMZYZA7JLxhf342ypTU=</latexit>

ω0
(
Cωε(x, y)→ Cωε0(x, y)

)
<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1
<latexit sha1_base64="/4jLgKNDMd+F0bw76NzvhILUCq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEao9FLx4rWltoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG8/7dgpr6xubW8Xt0s7u3v5B+fDoUSeZYthkiUhUO6QaBZfYNNwIbKcKaRwKbIWjm5nfekKleSIfzDjFIKYDySPOqLHSvefWeuWK53pzkFXi56QCORq98le3n7AsRmmYoFp3fC81wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmZVfokSpQtachc/T0xobHW4zi0nTE1Q73szcT/vE5molow4TLNDEq2WBRlgpiEzP4mfa6QGTG2hDLF7a2EDamizNh0SjYEf/nlVfJ44fpVt3p3Walf53EU4QRO4Rx8uII63EIDmsBgAM/wCm+OcF6cd+dj0Vpw8plj+APn8wdhqo05</latexit>

0.8
<latexit sha1_base64="A0VU2YCs8SYNmFjQTf+8IhQgY70=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04LnVXrniud4cZJX4OalAjnqv/NXtJyyLURomqNYd30tNMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCv/zyKmleuH7Vrd5fVmo3eRxFOIFTOAcfrqAGd1CHBjAYwDO8wpsjnBfn3flYtBacfOYY/sD5/AFeoo03</latexit>

0.6
<latexit sha1_base64="VmDD0gB1OPBhqdSp1FY0iJ6NKXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseiF48V7Qe0oWy2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0PO+ncLa+sbmVnG7tLO7t39QPjxqmiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHtzO/9cS1EYl6xHHKg5gOlIgEo2ilB8+97JUrnuvNQVaJn5MK5Kj3yl/dfsKymCtkkhrT8b0UgwnVKJjk01I3MzylbEQHvGOpojE3wWR+6pScWaVPokTbUkjm6u+JCY2NGceh7YwpDs2yNxP/8zoZRtfBRKg0Q67YYlGUSYIJmf1N+kJzhnJsCWVa2FsJG1JNGdp0SjYEf/nlVdK8cP2qW72/rNRu8jiKcAKncA4+XEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNbmo01</latexit>

0.4
<latexit sha1_base64="kvsuuBqipC1kWeXXnzjBiBrUBnM=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4CkmR6rHoxWNF+wFtKJvtpl262YTdiVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXplIY9LxvZ219Y3Nru7BT3N3bPzgsHR03TZJpxhsskYluh9RwKRRvoEDJ26nmNA4lb4Wj25nfeuLaiEQ94jjlQUwHSkSCUbTSg+dWeqWy53pzkFXi56QMOeq90le3n7As5gqZpMZ0fC/FYEI1Cib5tNjNDE8pG9EB71iqaMxNMJmfOiXnVumTKNG2FJK5+ntiQmNjxnFoO2OKQ7PszcT/vE6G0XUwESrNkCu2WBRlkmBCZn+TvtCcoRxbQpkW9lbChlRThjadog3BX355lTQrrl91q/eX5dpNHkcBTuEMLsCHK6jBHdShAQwG8Ayv8OZI58V5dz4WrWtOPnMCf+B8/gBYko0z</latexit>

0.2
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="i8azk7Xzdy8MEvmHw6qx3yqRXm4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4MSRFqseiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG8/7dtbWNza3tks75d29/YPDytFxW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpf7nSeqNIvlo5kmNBB4JFnECDa5dOm5tUGl6rneHGiV+AWpQoHmoPLVH8YkFVQawrHWPd9LTJBhZRjhdFbup5ommEzwiPYslVhQHWTzW2fo3CpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7Yh+Msvr5J2zfXrbv3hqtq4LeIowSmcwQX4cA0NuIcmtIDAGJ7hFd4c4bw4787HonXNKWZO4A+czx/CNY1q</latexit>→0.2
<latexit sha1_base64="HO6JzMwQhKkQ24MkDlWOvxSDpqA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvXisYG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaW9/Y3CpvV3Z29/YPqodHjzpOFaFtEvNYdUOsKWeStg0znHYTRbEIOe2Ek9vc7zxRpVksH8w0oYHAI8kiRrDJpQvPrQ+qNc/15kCrxC9IDQq0BtWv/jAmqaDSEI617vleYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwV9+eZU8Xrp+w23c12vNmyKOMpzAKZyDD1fQhDtoQRsIjOEZXuHNEc6L8+58LFpLTjFzDH/gfP4AxT2NbA==</latexit>→0.4
<latexit sha1_base64="1/+wYWgIMGJ7wJ73u9NeVcxbvSQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyERqR6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6cJz64NqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90EGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9evu/WHq1rjtoijDCdwCufgwzU04B6a0AICY3iGV3hzhPPivDsfi9aSU8wcwx84nz/IRY1u</latexit>→0.6
<latexit sha1_base64="a6FfvbZLV64weY6WPHhm9zhOIgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyERqT0WvXisYG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaW9/Y3CpvV3Z29/YPqodHjzpOFaFtEvNYdUOsKWeStg0znHYTRbEIOe2Ek9vc7zxRpVksH8w0oYHAI8kiRrDJpQvPbQyqNc/15kCrxC9IDQq0BtWv/jAmqaDSEI617vleYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTdQIMiaT1FBJFouilCMTo/xxNGSKEsOnlmCimL0VkTFWmBgbT8WG4C+/vEoeL12/7tbvr2rNmyKOMpzAKZyDD9fQhDtoQRsIjOEZXuHNEc6L8+58LFpLTjFzDH/gfP4Ay02NcA==</latexit>→0.8

<latexit sha1_base64="7qdlpxPacQLaH047tn50yfQNVtk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaV5UvGqlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+d0jPc=</latexit>→1

<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y

The change of correlation function  
with and without backreaction at           .

<latexit sha1_base64="auZ6W2WfPlxj3tXnELBUXZ1S7AE="></latexit>

Cωε(x, y) = →ωε̂(t, x)ωε̂(t, y)↑
<latexit sha1_base64="1L1ze+5cDOLvZk5oRqfUyTjq47U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRi9C0IvHiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0e3Ubz5xbUSkHnEccz+kAyX6glG00gNeX3SLJbfszkCWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8kmhkxgeUzaiA962VNGQGz+dnTohJ1bpkX6kbSkkM/X3REpDY8ZhYDtDikOz6E3F/7x2gv0rPxUqTpArNl/UTyTBiEz/Jj2hOUM5toQyLeythA2ppgxtOgUbgrf48jJpnJW9Srlyf16q3mRx5OEIjuEUPLiEKtxBDerAYADP8ApvjnRenHfnY96ac7KZQ/gD5/MH24GNiQ==</latexit>

t = 5

<latexit sha1_base64="CKBlT/hpdq05KaZyQFQYufYsbRQ="></latexit>

ω̂(t, x) =
→∑

n=0

[
ânun(t, x) + â†nv

↑
n(t, x)

]
Mode Expansion:

where
<latexit sha1_base64="dobjjMjrsddAWkibM4IXGw4aaXg=">AAACHnicbVDLSgMxFM34tr6qLt0Ei1BBy4z4WiiIblwqWBXaOmTS2xpMMkNyRyzDfIkbf8WNC0UEV/o3prWCrwOBk3Pu5d57okQKi77/7g0MDg2PjI6NFyYmp6ZnirNzpzZODYcqj2VsziNmQQoNVRQo4TwxwFQk4Sy6Ouj6Z9dgrIj1CXYSaCjW1qIlOEMnhcWNNNRl3PFXbpbpLq0rhpdGZZBfZKuiHitos1BTzNMw+/rl5ZvlsFjyK34P9C8J+qRE+jgKi6/1ZsxTBRq5ZNbWAj/BRsYMCi4hL9RTCwnjV6wNNUc1U2AbWe+8nC45pUlbsXFPI+2p3zsypqztqMhVdve3v72u+J9XS7G13ciETlIEzT8HtVJJMabdrGhTGOAoO44wboTblfJLZhhHl2jBhRD8PvkvOV2rBJuVzeP10t5+P44xskAWSZkEZIvskUNyRKqEk1tyTx7Jk3fnPXjP3stn6YDX75knP+C9fQBhqaIX</latexit>

un(t < 0, x) = e→iωntuωn(x)
<latexit sha1_base64="+NtcdiEcqLGgpPsX7qlIBMFPkRs=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBahgpREpHpQKHrxWMF+QBvLZrtpl242YXdSLaH/w4sHRbz6X7z5b9y2OWjrg4HHezPMzPMiwTXY9reVWVpeWV3Lruc2Nre2d/K7e3UdxoqyGg1FqJoe0UxwyWrAQbBmpBgJPMEa3uBm4jeGTGkeynsYRcwNSE9yn1MCRnoYdmQRLu2Tp2N8he1OvmCX7CnwInFSUkApqp38V7sb0jhgEqggWrccOwI3IQo4FWyca8eaRYQOSI+1DJUkYNpNpleP8ZFRutgPlSkJeKr+nkhIoPUo8ExnQKCv572J+J/XisG/cBMuoxiYpLNFfiwwhHgSAe5yxSiIkSGEKm5uxbRPFKFggsqZEJz5lxdJ/bTklEvlu7NC5TqNI4sO0CEqIgedowq6RVVUQxQp9Ixe0Zv1aL1Y79bHrDVjpTP76A+szx/oFpDW</latexit>

vn(t < 0, x) = 0

<latexit sha1_base64="1xRAcZJQjfrixeOCbeuCVRKNNvk=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoiUr0IRS8eK/QL2hA22027dLMJu5NCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3CxubW9k5xt7S3f3B4ZB+ftHWcKspaNBax6gZEM8ElawEHwbqJYiQKBOsE44e535kwpXksmzBNmBeRoeQhpwSM5Nv2EN/hoe/0myMGpAKXvl12qs4CeJ24OSmjHA3f/uoPYppGTAIVROue6yTgZUQBp4LNSv1Us4TQMRmynqGSREx72eLyGb4wygCHsTIlAS/U3xMZibSeRoHpjAiM9Ko3F//zeimEt17GZZICk3S5KEwFhhjPY8ADrhgFMTWEUMXNrZiOiCIUTFglE4K7+vI6aV9V3Vq19nRdrt/ncRTRGTpHFeSiG1RHj6iBWoiiCXpGr+jNyqwX6936WLYWrHzmFP2B9fkDd0iSRw==</latexit>

g = g0!(t)
<latexit sha1_base64="S3nh4zEEsY+3iAON+cmmuIAWAgw=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4j5CXJEmYnk2TI7Owy0yuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VxFIYdN1vZ219Y3NrO7eT393bPzgsHB03TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXju5nfeuLaiEjVcRJzP6RDJQaCUbTSY7c+4khLeNErFN2yOwdZJV5GipCh1it8dfsRS0KukElqTMdzY/RTqlEwyaf5bmJ4TNmYDnnHUkVDbvx0fvCUnFulTwaRtqWQzNXfEykNjZmEge0MKY7MsjcT//M6CQ5u/FSoOEGu2GLRIJEEIzL7nvSF5gzlxBLKtLC3EjaimjK0GeVtCN7yy6ukeVn2KuXKw1WxepvFkYNTOIMSeHANVbiHGjSAQQjP8ApvjnZenHfnY9G65mQzJ/AHzucPF8WP9g==</latexit>

!(t)
<latexit sha1_base64="Znp3cR+F0EtGc9XijRGKgP0wRVg=">AAAB/nicbVBNSwMxEM36WevXqnjyEiyCp7IrUr0IRS8eK9gPaJclm6ZtaDZZklmxLAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRclghvwvG9naXlldW29sFHc3Nre2XX39htGpZqyOlVC6VZEDBNcsjpwEKyVaEbiSLBmNLyZ+M0Hpg1X8h5GCQti0pe8xykBK4XuYT/0rjrAHkHHGVXSAJEwDt2SV/amwIvEz0kJ5aiF7lenq2gaMwlUEGPavpdAkBENnAo2LnZSwxJCh6TP2pZKEjMTZNPzx/jEKl3cU9qWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwyLpMUmKSzRb1UYFB4kgXucs0oiJElhGpub8V0QDShYBMr2hD8+ZcXSeOs7FfKlbvzUvU6j6OAjtAxOkU+ukBVdItqqI4oytAzekVvzpPz4rw7H7PWJSefOUB/4Hz+AOM8lh0=</latexit>

g0 = constant
quench the interaction:

is a Heaviside step function, 
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<latexit sha1_base64="GfRSxLw7IoQdDRvHvM8FrgG6qc4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh4uK2yuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqalbJXLVfvL0u1myyOPJzAKZyDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AVwyNMg==</latexit>→20
<latexit sha1_base64="a0j/qNvxIeAFhFXF+sBlx6DZ4Gc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO65vVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJoXFa9aqd5flms3eRwFOIYTOAMPrqAGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QNVh40x</latexit>→10

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="N0jF13yyogdjvRGvz3GC6BJJ50U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB8/tlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+wEjPo=</latexit>

10
<latexit sha1_base64="hEyPFA2Fjqzu0CIxa88DblTQCmk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWMV+wFtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Xtl8puxZ2DrBIvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOTTYi81PKFsTIe8a6miETd+Nr90Ss6tMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07RhuAtv7xKWtWKV6vU7i/L9Zs8jgKcwhlcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5A+2JjPs=</latexit>

20
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="GfRSxLw7IoQdDRvHvM8FrgG6qc4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh4uK2yuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqalbJXLVfvL0u1myyOPJzAKZyDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AVwyNMg==</latexit>→20

<latexit sha1_base64="a0j/qNvxIeAFhFXF+sBlx6DZ4Gc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO65vVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJoXFa9aqd5flms3eRwFOIYTOAMPrqAGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QNVh40x</latexit>→10

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="N0jF13yyogdjvRGvz3GC6BJJ50U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB8/tlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+wEjPo=</latexit>

10

<latexit sha1_base64="hEyPFA2Fjqzu0CIxa88DblTQCmk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWMV+wFtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Xtl8puxZ2DrBIvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOTTYi81PKFsTIe8a6miETd+Nr90Ss6tMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07RhuAtv7xKWtWKV6vU7i/L9Zs8jgKcwhlcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5A+2JjPs=</latexit>

20

<latexit sha1_base64="Y1waKbY1/EfR+FZH+rOBwIVSLms=">AAACJnicbVDJSgNBFOyJW4zbqEcvg0FIQMOMSPQiBHPxGMEskAlDT+cladKz0P1GDEO+xou/4sVDRMSbn2JnOWi0oKGoesXrV34suELb/jQyK6tr6xvZzdzW9s7unrl/0FBRIhnUWSQi2fKpAsFDqCNHAa1YAg18AU1/WJ36zQeQikfhPY5i6AS0H/IeZxS15JnXrhxEnu36vF+oeqnbBYHUxQEgHRceT0fFsyXVs+f6NFH0zLxdsmew/hJnQfJkgZpnTtxuxJIAQmSCKtV27Bg7KZXImYBxzk0UxJQNaR/amoY0ANVJZ2eOrROtdK1eJPUL0ZqpPxMpDZQaBb6eDCgO1LI3Ff/z2gn2rjopD+MEIWTzRb1EWBhZ086sLpfAUIw0oUxy/VeLDaikDHWzOV2Cs3zyX9I4LznlUvnuIl+5WdSRJUfkmBSIQy5JhdySGqkTRp7IC5mQN+PZeDXejY/5aMZYZA7JLxhf342ypTU=</latexit>

ω0
(
Cωε(x, y)→ Cωε0(x, y)

)
<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1
<latexit sha1_base64="/4jLgKNDMd+F0bw76NzvhILUCq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEao9FLx4rWltoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG8/7dgpr6xubW8Xt0s7u3v5B+fDoUSeZYthkiUhUO6QaBZfYNNwIbKcKaRwKbIWjm5nfekKleSIfzDjFIKYDySPOqLHSvefWeuWK53pzkFXi56QCORq98le3n7AsRmmYoFp3fC81wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmZVfokSpQtachc/T0xobHW4zi0nTE1Q73szcT/vE5molow4TLNDEq2WBRlgpiEzP4mfa6QGTG2hDLF7a2EDamizNh0SjYEf/nlVfJ44fpVt3p3Walf53EU4QRO4Rx8uII63EIDmsBgAM/wCm+OcF6cd+dj0Vpw8plj+APn8wdhqo05</latexit>

0.8
<latexit sha1_base64="A0VU2YCs8SYNmFjQTf+8IhQgY70=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04LnVXrniud4cZJX4OalAjnqv/NXtJyyLURomqNYd30tNMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCv/zyKmleuH7Vrd5fVmo3eRxFOIFTOAcfrqAGd1CHBjAYwDO8wpsjnBfn3flYtBacfOYY/sD5/AFeoo03</latexit>

0.6
<latexit sha1_base64="VmDD0gB1OPBhqdSp1FY0iJ6NKXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseiF48V7Qe0oWy2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0PO+ncLa+sbmVnG7tLO7t39QPjxqmiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHtzO/9cS1EYl6xHHKg5gOlIgEo2ilB8+97JUrnuvNQVaJn5MK5Kj3yl/dfsKymCtkkhrT8b0UgwnVKJjk01I3MzylbEQHvGOpojE3wWR+6pScWaVPokTbUkjm6u+JCY2NGceh7YwpDs2yNxP/8zoZRtfBRKg0Q67YYlGUSYIJmf1N+kJzhnJsCWVa2FsJG1JNGdp0SjYEf/nlVdK8cP2qW72/rNRu8jiKcAKncA4+XEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNbmo01</latexit>

0.4
<latexit sha1_base64="kvsuuBqipC1kWeXXnzjBiBrUBnM=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4CkmR6rHoxWNF+wFtKJvtpl262YTdiVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXplIY9LxvZ219Y3Nru7BT3N3bPzgsHR03TZJpxhsskYluh9RwKRRvoEDJ26nmNA4lb4Wj25nfeuLaiEQ94jjlQUwHSkSCUbTSg+dWeqWy53pzkFXi56QMOeq90le3n7As5gqZpMZ0fC/FYEI1Cib5tNjNDE8pG9EB71iqaMxNMJmfOiXnVumTKNG2FJK5+ntiQmNjxnFoO2OKQ7PszcT/vE6G0XUwESrNkCu2WBRlkmBCZn+TvtCcoRxbQpkW9lbChlRThjadog3BX355lTQrrl91q/eX5dpNHkcBTuEMLsCHK6jBHdShAQwG8Ayv8OZI58V5dz4WrWtOPnMCf+B8/gBYko0z</latexit>

0.2
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="i8azk7Xzdy8MEvmHw6qx3yqRXm4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4MSRFqseiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG8/7dtbWNza3tks75d29/YPDytFxW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpf7nSeqNIvlo5kmNBB4JFnECDa5dOm5tUGl6rneHGiV+AWpQoHmoPLVH8YkFVQawrHWPd9LTJBhZRjhdFbup5ommEzwiPYslVhQHWTzW2fo3CpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7Yh+Msvr5J2zfXrbv3hqtq4LeIowSmcwQX4cA0NuIcmtIDAGJ7hFd4c4bw4787HonXNKWZO4A+czx/CNY1q</latexit>→0.2
<latexit sha1_base64="HO6JzMwQhKkQ24MkDlWOvxSDpqA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvXisYG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaW9/Y3CpvV3Z29/YPqodHjzpOFaFtEvNYdUOsKWeStg0znHYTRbEIOe2Ek9vc7zxRpVksH8w0oYHAI8kiRrDJpQvPrQ+qNc/15kCrxC9IDQq0BtWv/jAmqaDSEI617vleYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwV9+eZU8Xrp+w23c12vNmyKOMpzAKZyDD1fQhDtoQRsIjOEZXuHNEc6L8+58LFpLTjFzDH/gfP4AxT2NbA==</latexit>→0.4
<latexit sha1_base64="1/+wYWgIMGJ7wJ73u9NeVcxbvSQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyERqR6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6cJz64NqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90EGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9evu/WHq1rjtoijDCdwCufgwzU04B6a0AICY3iGV3hzhPPivDsfi9aSU8wcwx84nz/IRY1u</latexit>→0.6
<latexit sha1_base64="a6FfvbZLV64weY6WPHhm9zhOIgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyERqT0WvXisYG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaW9/Y3CpvV3Z29/YPqodHjzpOFaFtEvNYdUOsKWeStg0znHYTRbEIOe2Ek9vc7zxRpVksH8w0oYHAI8kiRrDJpQvPbQyqNc/15kCrxC9IDQq0BtWv/jAmqaDSEI617vleYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTdQIMiaT1FBJFouilCMTo/xxNGSKEsOnlmCimL0VkTFWmBgbT8WG4C+/vEoeL12/7tbvr2rNmyKOMpzAKZyDD9fQhDtoQRsIjOEZXuHNEc6L8+58LFpLTjFzDH/gfP4Ay02NcA==</latexit>→0.8

<latexit sha1_base64="7qdlpxPacQLaH047tn50yfQNVtk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaV5UvGqlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+d0jPc=</latexit>→1

<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y

The change of correlation function  
with and without backreaction at           .

<latexit sha1_base64="auZ6W2WfPlxj3tXnELBUXZ1S7AE="></latexit>

Cωε(x, y) = →ωε̂(t, x)ωε̂(t, y)↑
<latexit sha1_base64="1L1ze+5cDOLvZk5oRqfUyTjq47U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRi9C0IvHiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0e3Ubz5xbUSkHnEccz+kAyX6glG00gNeX3SLJbfszkCWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8kmhkxgeUzaiA962VNGQGz+dnTohJ1bpkX6kbSkkM/X3REpDY8ZhYDtDikOz6E3F/7x2gv0rPxUqTpArNl/UTyTBiEz/Jj2hOUM5toQyLeythA2ppgxtOgUbgrf48jJpnJW9Srlyf16q3mRx5OEIjuEUPLiEKtxBDerAYADP8ApvjnRenHfnY96ac7KZQ/gD5/MH24GNiQ==</latexit>

t = 5

<latexit sha1_base64="CKBlT/hpdq05KaZyQFQYufYsbRQ="></latexit>

ω̂(t, x) =
→∑

n=0

[
ânun(t, x) + â†nv

↑
n(t, x)

]
Mode Expansion:

where
<latexit sha1_base64="dobjjMjrsddAWkibM4IXGw4aaXg=">AAACHnicbVDLSgMxFM34tr6qLt0Ei1BBy4z4WiiIblwqWBXaOmTS2xpMMkNyRyzDfIkbf8WNC0UEV/o3prWCrwOBk3Pu5d57okQKi77/7g0MDg2PjI6NFyYmp6ZnirNzpzZODYcqj2VsziNmQQoNVRQo4TwxwFQk4Sy6Ouj6Z9dgrIj1CXYSaCjW1qIlOEMnhcWNNNRl3PFXbpbpLq0rhpdGZZBfZKuiHitos1BTzNMw+/rl5ZvlsFjyK34P9C8J+qRE+jgKi6/1ZsxTBRq5ZNbWAj/BRsYMCi4hL9RTCwnjV6wNNUc1U2AbWe+8nC45pUlbsXFPI+2p3zsypqztqMhVdve3v72u+J9XS7G13ciETlIEzT8HtVJJMabdrGhTGOAoO44wboTblfJLZhhHl2jBhRD8PvkvOV2rBJuVzeP10t5+P44xskAWSZkEZIvskUNyRKqEk1tyTx7Jk3fnPXjP3stn6YDX75knP+C9fQBhqaIX</latexit>

un(t < 0, x) = e→iωntuωn(x)
<latexit sha1_base64="+NtcdiEcqLGgpPsX7qlIBMFPkRs=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBahgpREpHpQKHrxWMF+QBvLZrtpl242YXdSLaH/w4sHRbz6X7z5b9y2OWjrg4HHezPMzPMiwTXY9reVWVpeWV3Lruc2Nre2d/K7e3UdxoqyGg1FqJoe0UxwyWrAQbBmpBgJPMEa3uBm4jeGTGkeynsYRcwNSE9yn1MCRnoYdmQRLu2Tp2N8he1OvmCX7CnwInFSUkApqp38V7sb0jhgEqggWrccOwI3IQo4FWyca8eaRYQOSI+1DJUkYNpNpleP8ZFRutgPlSkJeKr+nkhIoPUo8ExnQKCv572J+J/XisG/cBMuoxiYpLNFfiwwhHgSAe5yxSiIkSGEKm5uxbRPFKFggsqZEJz5lxdJ/bTklEvlu7NC5TqNI4sO0CEqIgedowq6RVVUQxQp9Ixe0Zv1aL1Y79bHrDVjpTP76A+szx/oFpDW</latexit>

vn(t < 0, x) = 0

<latexit sha1_base64="1xRAcZJQjfrixeOCbeuCVRKNNvk=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoiUr0IRS8eK/QL2hA22027dLMJu5NCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3CxubW9k5xt7S3f3B4ZB+ftHWcKspaNBax6gZEM8ElawEHwbqJYiQKBOsE44e535kwpXksmzBNmBeRoeQhpwSM5Nv2EN/hoe/0myMGpAKXvl12qs4CeJ24OSmjHA3f/uoPYppGTAIVROue6yTgZUQBp4LNSv1Us4TQMRmynqGSREx72eLyGb4wygCHsTIlAS/U3xMZibSeRoHpjAiM9Ko3F//zeimEt17GZZICk3S5KEwFhhjPY8ADrhgFMTWEUMXNrZiOiCIUTFglE4K7+vI6aV9V3Vq19nRdrt/ncRTRGTpHFeSiG1RHj6iBWoiiCXpGr+jNyqwX6936WLYWrHzmFP2B9fkDd0iSRw==</latexit>

g = g0!(t)
<latexit sha1_base64="S3nh4zEEsY+3iAON+cmmuIAWAgw=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4j5CXJEmYnk2TI7Owy0yuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VxFIYdN1vZ219Y3NrO7eT393bPzgsHB03TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXju5nfeuLaiEjVcRJzP6RDJQaCUbTSY7c+4khLeNErFN2yOwdZJV5GipCh1it8dfsRS0KukElqTMdzY/RTqlEwyaf5bmJ4TNmYDnnHUkVDbvx0fvCUnFulTwaRtqWQzNXfEykNjZmEge0MKY7MsjcT//M6CQ5u/FSoOEGu2GLRIJEEIzL7nvSF5gzlxBLKtLC3EjaimjK0GeVtCN7yy6ukeVn2KuXKw1WxepvFkYNTOIMSeHANVbiHGjSAQQjP8ApvjnZenHfnY9G65mQzJ/AHzucPF8WP9g==</latexit>

!(t)
<latexit sha1_base64="Znp3cR+F0EtGc9XijRGKgP0wRVg=">AAAB/nicbVBNSwMxEM36WevXqnjyEiyCp7IrUr0IRS8eK9gPaJclm6ZtaDZZklmxLAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRclghvwvG9naXlldW29sFHc3Nre2XX39htGpZqyOlVC6VZEDBNcsjpwEKyVaEbiSLBmNLyZ+M0Hpg1X8h5GCQti0pe8xykBK4XuYT/0rjrAHkHHGVXSAJEwDt2SV/amwIvEz0kJ5aiF7lenq2gaMwlUEGPavpdAkBENnAo2LnZSwxJCh6TP2pZKEjMTZNPzx/jEKl3cU9qWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwyLpMUmKSzRb1UYFB4kgXucs0oiJElhGpub8V0QDShYBMr2hD8+ZcXSeOs7FfKlbvzUvU6j6OAjtAxOkU+ukBVdItqqI4oytAzekVvzpPz4rw7H7PWJSefOUB/4Hz+AOM8lh0=</latexit>

g0 = constant
quench the interaction:

is a Heaviside step function, 
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<latexit sha1_base64="GfRSxLw7IoQdDRvHvM8FrgG6qc4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh4uK2yuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqalbJXLVfvL0u1myyOPJzAKZyDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AVwyNMg==</latexit>→20
<latexit sha1_base64="2SmhHsAZ88h+b6LCTMndNKCKNCA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArGj0GvXiMaB6QLGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795hPXRkTqEccx90M6UKIvGEUrPZx5l91iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9np07IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/aT4WKE+SKzRf1E0kwItO/SU9ozlCOLaFMC3srYUOqKUObTsGG4C2+vEwa52WvUq7cX5SqN1kceTiCYzgFD66gCndQgzowGMAzvMKbI50X5935mLfmnGzmEP7A+fwBXRuNNg==</latexit>→15

<latexit sha1_base64="a0j/qNvxIeAFhFXF+sBlx6DZ4Gc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO65vVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJoXFa9aqd5flms3eRwFOIYTOAMPrqAGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QNVh40x</latexit>→10
<latexit sha1_base64="qE22B+1ytDVuO3ZvWN+ZYUYeWgM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbArGj0GvXiMYh6QhDA7mU2GzM4uM71CWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3U795hPXRkTqEccx74Z0oEQgGEUrPZxd9oolt+zOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR26YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITN8mfaE5Qzm2hDIt7K2EDammDG04BRuCt/jyMmmcl71KuXJ/UareZHHk4QiO4RQ8uIIq3EEN6sAggGd4hTdn5Lw4787HvDXnZDOH8AfO5w/thIz7</latexit>→5

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5
<latexit sha1_base64="N0jF13yyogdjvRGvz3GC6BJJ50U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB8/tlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+wEjPo=</latexit>

10
<latexit sha1_base64="lHoUh9jhSS2l6sf44pb0DbLfdD4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEq8eiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa69y765Ypbdecgf4mXkwrkaPTLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyYlVBiSMlS1pyFz9OZHRSOtJFNjOiJqRXvZm4n9eNzXhlZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PJf0jqrerVq7e68Ur/O4yjCERzDKXhwCXW4hQY0gUEIT/ACr87YeXbenPdFa8HJZw7hF5yPb/OYjP8=</latexit>

15
<latexit sha1_base64="hEyPFA2Fjqzu0CIxa88DblTQCmk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWMV+wFtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Xtl8puxZ2DrBIvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOTTYi81PKFsTIe8a6miETd+Nr90Ss6tMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07RhuAtv7xKWtWKV6vU7i/L9Zs8jgKcwhlcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5A+2JjPs=</latexit>

20

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4

<latexit sha1_base64="v7QdX3wCxKAv8RtX6oCzxuzfHUg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDhcOMxQ==</latexit>

6

<latexit sha1_base64="HdYaPsUbM4jt6p6aiglfRV7CsYw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY5ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRrVfLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzOs+imXcWJQsuWiYSKIicj8azLgCpkRU0soU9zeStiYKsqMzaZgQ/BWX14nrauyVylXGtel2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIjLjMc=</latexit>

8

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="eKNt4QO573zjWcRJT/vFbIER1Lk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2IQIkjYFYkeg7l4jGAekF3C7KSTDJl9MNMrCUvAX/HiQRGvfoc3/8ZJsgeNFjQUVd10d/mx4Apt+8vIrayurW/kNwtb2zu7e+b+QVNFiWTQYJGIZNunCgQPoYEcBbRjCTTwBbT8UW3mtx5AKh6F9ziJwQvoIOR9zihqqWse1bqp2wOB1MUhIJ2Wxufjs65ZtMv2HNZf4mSkSDLUu+an24tYEkCITFClOo4do5dSiZwJmBbcREFM2YgOoKNpSANQXjo/f2qdaqVn9SOpK0Rrrv6cSGmg1CTwdWdAcaiWvZn4n9dJsH/tpTyME4SQLRb1E2FhZM2ysHpcAkMx0YQyyfWtFhtSSRnqxAo6BGf55b+keVF2KuXK3WWxepPFkSfH5ISUiEOuSJXckjppEEZS8kReyKvxaDwbb8b7ojVnZDOH5BeMj2/QGJVn</latexit>

Cωε(x, x)
<latexit sha1_base64="2hnQGnxY1Eh4kCw+lZDkkE7j0OM=">AAACAHicbVDLSgNBEJyNrxhfqx48eFkMQgQJuyLRYzAXjxHMA7JhmZ10kiGzD2Z6JWHJxV/x4kERr36GN//GSbIHjRY0FFXddHf5seAKbfvLyK2srq1v5DcLW9s7u3vm/kFTRYlk0GCRiGTbpwoED6GBHAW0Ywk08AW0/FFt5rceQCoehfc4iaEb0EHI+5xR1JJnHtW81O2BQOriEJB69rQ0Ph+feWbRLttzWH+Jk5EiyVD3zE+3F7EkgBCZoEp1HDvGbkolciZgWnATBTFlIzqAjqYhDUB10/kDU+tUKz2rH0ldIVpz9edESgOlJoGvOwOKQ7XszcT/vE6C/etuysM4QQjZYlE/ERZG1iwNq8clMBQTTSiTXN9qsSGVlKHOrKBDcJZf/kuaF2WnUq7cXRarN1kceXJMTkiJOOSKVMktqZMGYWRKnsgLeTUejWfjzXhftOaMbOaQ/ILx8Q0C7ZYK</latexit>

Cωε0(x, x)

<latexit sha1_base64="N0jF13yyogdjvRGvz3GC6BJJ50U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB8/tlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+wEjPo=</latexit>

10

<latexit sha1_base64="SablyYeBseqKUShWcA8BrfAVHzk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWMV+wFtKJvtpF262YTdjVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ68Kr9UtmtuHOQVeLlpAw5Gv3SV28QszRCaZigWnc9NzF+RpXhTOC02Es1JpSN6RC7lkoaofaz+aVTcm6VAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ22TAFTIjJpZQpri9lbARVZQZG07RhuAtv7xKWtWKV6vU7i/L9Zs8jgKcwhlcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5A+8MjPw=</latexit>

12

<latexit sha1_base64="hqW7WFhaZ6wJG2bTpYXJ2jZJaiE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz04F32yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UvVq1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD/IUjP4=</latexit>

14

<latexit sha1_base64="3ev8N7igMhPRjA0NOW8wYCMT4lM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz04NX65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB/UcjQA=</latexit>

16

<latexit sha1_base64="2XFWpAEEJZNfdNIjHfA29goL+oI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao9FLx6rWFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7r16v1xxq+4cZJV4OalAjma//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMM634mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqebyoerVq7e6y0rjO4yjCCZzCOXhwBQ24hSa0gEEIz/AKb87YeXHenY9Fa8HJZ47hD5zPH/gkjQI=</latexit>

18

1000 modes 

<latexit sha1_base64="GfRSxLw7IoQdDRvHvM8FrgG6qc4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh4uK2yuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqalbJXLVfvL0u1myyOPJzAKZyDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AVwyNMg==</latexit>→20
<latexit sha1_base64="2SmhHsAZ88h+b6LCTMndNKCKNCA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArGj0GvXiMaB6QLGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795hPXRkTqEccx90M6UKIvGEUrPZx5l91iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9np07IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/aT4WKE+SKzRf1E0kwItO/SU9ozlCOLaFMC3srYUOqKUObTsGG4C2+vEwa52WvUq7cX5SqN1kceTiCYzgFD66gCndQgzowGMAzvMKbI50X5935mLfmnGzmEP7A+fwBXRuNNg==</latexit>→15

<latexit sha1_base64="a0j/qNvxIeAFhFXF+sBlx6DZ4Gc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO65vVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJoXFa9aqd5flms3eRwFOIYTOAMPrqAGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QNVh40x</latexit>→10
<latexit sha1_base64="qE22B+1ytDVuO3ZvWN+ZYUYeWgM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbArGj0GvXiMYh6QhDA7mU2GzM4uM71CWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3U795hPXRkTqEccx74Z0oEQgGEUrPZxd9oolt+zOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR26YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITN8mfaE5Qzm2hDIt7K2EDammDG04BRuCt/jyMmmcl71KuXJ/UareZHHk4QiO4RQ8uIIq3EEN6sAggGd4hTdn5Lw4787HvDXnZDOH8AfO5w/thIz7</latexit>→5

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5
<latexit sha1_base64="N0jF13yyogdjvRGvz3GC6BJJ50U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB8/tlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+wEjPo=</latexit>

10
<latexit sha1_base64="lHoUh9jhSS2l6sf44pb0DbLfdD4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEq8eiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa69y765Ypbdecgf4mXkwrkaPTLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyYlVBiSMlS1pyFz9OZHRSOtJFNjOiJqRXvZm4n9eNzXhlZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PJf0jqrerVq7e68Ur/O4yjCERzDKXhwCXW4hQY0gUEIT/ACr87YeXbenPdFa8HJZw7hF5yPb/OYjP8=</latexit>

15
<latexit sha1_base64="hEyPFA2Fjqzu0CIxa88DblTQCmk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWMV+wFtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Xtl8puxZ2DrBIvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOTTYi81PKFsTIe8a6miETd+Nr90Ss6tMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07RhuAtv7xKWtWKV6vU7i/L9Zs8jgKcwhlcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5A+2JjPs=</latexit>

20

<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="zAYiae0AiBpVJ1FsFEw+B7zCIFA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1K9K1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIE3jMI=</latexit>

3

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4

<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5

<latexit sha1_base64="v7QdX3wCxKAv8RtX6oCzxuzfHUg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDhcOMxQ==</latexit>

6

<latexit sha1_base64="zzrNYPpBWIKHbYwMLxYOn/tndMQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNAY9ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRrVfLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO88VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5LtdssjjycwTlcggdVqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIdHjMY=</latexit>

7

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="eKNt4QO573zjWcRJT/vFbIER1Lk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2IQIkjYFYkeg7l4jGAekF3C7KSTDJl9MNMrCUvAX/HiQRGvfoc3/8ZJsgeNFjQUVd10d/mx4Apt+8vIrayurW/kNwtb2zu7e+b+QVNFiWTQYJGIZNunCgQPoYEcBbRjCTTwBbT8UW3mtx5AKh6F9ziJwQvoIOR9zihqqWse1bqp2wOB1MUhIJ2Wxufjs65ZtMv2HNZf4mSkSDLUu+an24tYEkCITFClOo4do5dSiZwJmBbcREFM2YgOoKNpSANQXjo/f2qdaqVn9SOpK0Rrrv6cSGmg1CTwdWdAcaiWvZn4n9dJsH/tpTyME4SQLRb1E2FhZM2ysHpcAkMx0YQyyfWtFhtSSRnqxAo6BGf55b+keVF2KuXK3WWxepPFkSfH5ISUiEOuSJXckjppEEZS8kReyKvxaDwbb8b7ojVnZDOH5BeMj2/QGJVn</latexit>

Cωε(x, x)
<latexit sha1_base64="2hnQGnxY1Eh4kCw+lZDkkE7j0OM=">AAACAHicbVDLSgNBEJyNrxhfqx48eFkMQgQJuyLRYzAXjxHMA7JhmZ10kiGzD2Z6JWHJxV/x4kERr36GN//GSbIHjRY0FFXddHf5seAKbfvLyK2srq1v5DcLW9s7u3vm/kFTRYlk0GCRiGTbpwoED6GBHAW0Ywk08AW0/FFt5rceQCoehfc4iaEb0EHI+5xR1JJnHtW81O2BQOriEJB69rQ0Ph+feWbRLttzWH+Jk5EiyVD3zE+3F7EkgBCZoEp1HDvGbkolciZgWnATBTFlIzqAjqYhDUB10/kDU+tUKz2rH0ldIVpz9edESgOlJoGvOwOKQ7XszcT/vE6C/etuysM4QQjZYlE/ERZG1iwNq8clMBQTTSiTXN9qsSGVlKHOrKBDcJZf/kuaF2WnUq7cXRarN1kceXJMTkiJOOSKVMktqZMGYWRKnsgLeTUejWfjzXhftOaMbOaQ/ILx8Q0C7ZYK</latexit>

Cωε0(x, x)

200 modes

Correlation Function at the same point at            
<latexit sha1_base64="1L1ze+5cDOLvZk5oRqfUyTjq47U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRi9C0IvHiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0e3Ubz5xbUSkHnEccz+kAyX6glG00gNeX3SLJbfszkCWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8kmhkxgeUzaiA962VNGQGz+dnTohJ1bpkX6kbSkkM/X3REpDY8ZhYDtDikOz6E3F/7x2gv0rPxUqTpArNl/UTyTBiEz/Jj2hOUM5toQyLeythA2ppgxtOgUbgrf48jJpnJW9Srlyf16q3mRx5OEIjuEUPLiEKtxBDerAYADP8ApvjnRenHfnY96ac7KZQ/gD5/MH24GNiQ==</latexit>

t = 5



Finite-Size One-Dimensional Homogeneous Gas

Correlation Function Change

Correlation Function at the opposite  point at            
<latexit sha1_base64="1L1ze+5cDOLvZk5oRqfUyTjq47U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRi9C0IvHiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0e3Ubz5xbUSkHnEccz+kAyX6glG00gNeX3SLJbfszkCWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8kmhkxgeUzaiA962VNGQGz+dnTohJ1bpkX6kbSkkM/X3REpDY8ZhYDtDikOz6E3F/7x2gv0rPxUqTpArNl/UTyTBiEz/Jj2hOUM5toQyLeythA2ppgxtOgUbgrf48jJpnJW9Srlyf16q3mRx5OEIjuEUPLiEKtxBDerAYADP8ApvjnRenHfnY96ac7KZQ/gD5/MH24GNiQ==</latexit>

t = 5

<latexit sha1_base64="GfRSxLw7IoQdDRvHvM8FrgG6qc4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh4uK2yuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqalbJXLVfvL0u1myyOPJzAKZyDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AVwyNMg==</latexit>→20
<latexit sha1_base64="2SmhHsAZ88h+b6LCTMndNKCKNCA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArGj0GvXiMaB6QLGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795hPXRkTqEccx90M6UKIvGEUrPZx5l91iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9np07IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/aT4WKE+SKzRf1E0kwItO/SU9ozlCOLaFMC3srYUOqKUObTsGG4C2+vEwa52WvUq7cX5SqN1kceTiCYzgFD66gCndQgzowGMAzvMKbI50X5935mLfmnGzmEP7A+fwBXRuNNg==</latexit>→15

<latexit sha1_base64="a0j/qNvxIeAFhFXF+sBlx6DZ4Gc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO65vVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJoXFa9aqd5flms3eRwFOIYTOAMPrqAGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QNVh40x</latexit>→10
<latexit sha1_base64="qE22B+1ytDVuO3ZvWN+ZYUYeWgM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbArGj0GvXiMYh6QhDA7mU2GzM4uM71CWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3U795hPXRkTqEccx74Z0oEQgGEUrPZxd9oolt+zOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR26YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITN8mfaE5Qzm2hDIt7K2EDammDG04BRuCt/jyMmmcl71KuXJ/UareZHHk4QiO4RQ8uIIq3EEN6sAggGd4hTdn5Lw4787HvDXnZDOH8AfO5w/thIz7</latexit>→5

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5
<latexit sha1_base64="N0jF13yyogdjvRGvz3GC6BJJ50U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB8/tlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+wEjPo=</latexit>

10
<latexit sha1_base64="lHoUh9jhSS2l6sf44pb0DbLfdD4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEq8eiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa69y765Ypbdecgf4mXkwrkaPTLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyYlVBiSMlS1pyFz9OZHRSOtJFNjOiJqRXvZm4n9eNzXhlZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PJf0jqrerVq7e68Ur/O4yjCERzDKXhwCXW4hQY0gUEIT/ACr87YeXbenPdFa8HJZw7hF5yPb/OYjP8=</latexit>

15
<latexit sha1_base64="hEyPFA2Fjqzu0CIxa88DblTQCmk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWMV+wFtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Xtl8puxZ2DrBIvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOTTYi81PKFsTIe8a6miETd+Nr90Ss6tMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07RhuAtv7xKWtWKV6vU7i/L9Zs8jgKcwhlcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5A+2JjPs=</latexit>

20

<latexit sha1_base64="7qdlpxPacQLaH047tn50yfQNVtk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaV5UvGqlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+d0jPc=</latexit>→1

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="zAYiae0AiBpVJ1FsFEw+B7zCIFA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1K9K1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIE3jMI=</latexit>

3

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4

<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5

<latexit sha1_base64="v7QdX3wCxKAv8RtX6oCzxuzfHUg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDhcOMxQ==</latexit>

6

<latexit sha1_base64="zzrNYPpBWIKHbYwMLxYOn/tndMQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNAY9ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRrVfLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO88VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5LtdssjjycwTlcggdVqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIdHjMY=</latexit>

7

<latexit sha1_base64="HdYaPsUbM4jt6p6aiglfRV7CsYw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY5ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRrVfLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzOs+imXcWJQsuWiYSKIicj8azLgCpkRU0soU9zeStiYKsqMzaZgQ/BWX14nrauyVylXGtel2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIjLjMc=</latexit>

8

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="b7gMD6rLvjX74FCX+xQ4k2Qnat4=">AAACAXicbVDJSgNBEO2JW4xb1IvgZTAIETTMiESPwVw8RjALJGHo6alJGnsWumskYYgXf8WLB0W8+hfe/Bs7y0ETHxQ83quiqp4bC67Qsr6NzNLyyupadj23sbm1vZPf3WuoKJEM6iwSkWy5VIHgIdSRo4BWLIEGroCme18d+80HkIpH4R0OY+gGtBdynzOKWnLyB1Un7XggkHawD0gda1QcnJ4NTpx8wSpZE5iLxJ6RApmh5uS/Ol7EkgBCZIIq1batGLsplciZgFGukyiIKbunPWhrGtIAVDedfDAyj7XimX4kdYVoTtTfEykNlBoGru4MKPbVvDcW//PaCfpX3ZSHcYIQsukiPxEmRuY4DtPjEhiKoSaUSa5vNVmfSspQh5bTIdjzLy+SxnnJLpfKtxeFyvUsjiw5JEekSGxySSrkhtRInTDySJ7JK3kznowX4934mLZmjNnMPvkD4/MHdHeWQQ==</latexit>

Cωε0(x,→x)

<latexit sha1_base64="kTwe4KxCYfqYZ0fuWJj8Ia/4ukY=">AAAB/3icbVDJSgNBEO2JW4zbqODFy2AQImiYEYkeg7l4jGAWyAyhp1NJGnsWumskYczBX/HiQRGv/oY3/8bOctDEBwWP96qoqufHgiu07W8js7S8srqWXc9tbG5t75i7e3UVJZJBjUUikk2fKhA8hBpyFNCMJdDAF9Dw7ytjv/EAUvEovMNhDF5AeyHvckZRS23zoNJO3Q4IpC72AemoMDg9G5y0zbxdtCewFokzI3kyQ7VtfrmdiCUBhMgEVarl2DF6KZXImYBRzk0UxJTd0x60NA1pAMpLJ/ePrGOtdKxuJHWFaE3U3xMpDZQaBr7uDCj21bw3Fv/zWgl2r7yUh3GCELLpom4iLIyscRhWh0tgKIaaUCa5vtVifSopQx1ZTofgzL+8SOrnRadULN1e5MvXsziy5JAckQJxyCUpkxtSJTXCyCN5Jq/kzXgyXox342PamjFmM/vkD4zPH0EelZ4=</latexit>

Cωε(x,→x)

1000 modes

<latexit sha1_base64="GfRSxLw7IoQdDRvHvM8FrgG6qc4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh4uK2yuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqalbJXLVfvL0u1myyOPJzAKZyDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AVwyNMg==</latexit>→20
<latexit sha1_base64="2SmhHsAZ88h+b6LCTMndNKCKNCA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArGj0GvXiMaB6QLGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795hPXRkTqEccx90M6UKIvGEUrPZx5l91iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9np07IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/aT4WKE+SKzRf1E0kwItO/SU9ozlCOLaFMC3srYUOqKUObTsGG4C2+vEwa52WvUq7cX5SqN1kceTiCYzgFD66gCndQgzowGMAzvMKbI50X5935mLfmnGzmEP7A+fwBXRuNNg==</latexit>→15

<latexit sha1_base64="a0j/qNvxIeAFhFXF+sBlx6DZ4Gc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO65vVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJoXFa9aqd5flms3eRwFOIYTOAMPrqAGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QNVh40x</latexit>→10
<latexit sha1_base64="qE22B+1ytDVuO3ZvWN+ZYUYeWgM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbArGj0GvXiMYh6QhDA7mU2GzM4uM71CWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3U795hPXRkTqEccx74Z0oEQgGEUrPZxd9oolt+zOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR26YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITN8mfaE5Qzm2hDIt7K2EDammDG04BRuCt/jyMmmcl71KuXJ/UareZHHk4QiO4RQ8uIIq3EEN6sAggGd4hTdn5Lw4787HvDXnZDOH8AfO5w/thIz7</latexit>→5

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5
<latexit sha1_base64="N0jF13yyogdjvRGvz3GC6BJJ50U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB8/tlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+wEjPo=</latexit>

10
<latexit sha1_base64="lHoUh9jhSS2l6sf44pb0DbLfdD4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEq8eiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa69y765Ypbdecgf4mXkwrkaPTLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyYlVBiSMlS1pyFz9OZHRSOtJFNjOiJqRXvZm4n9eNzXhlZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PJf0jqrerVq7e68Ur/O4yjCERzDKXhwCXW4hQY0gUEIT/ACr87YeXbenPdFa8HJZw7hF5yPb/OYjP8=</latexit>

15
<latexit sha1_base64="hEyPFA2Fjqzu0CIxa88DblTQCmk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWMV+wFtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Xtl8puxZ2DrBIvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOTTYi81PKFsTIe8a6miETd+Nr90Ss6tMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07RhuAtv7xKWtWKV6vU7i/L9Zs8jgKcwhlcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5A+2JjPs=</latexit>

20

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="zAYiae0AiBpVJ1FsFEw+B7zCIFA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1K9K1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIE3jMI=</latexit>

3

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="b7gMD6rLvjX74FCX+xQ4k2Qnat4=">AAACAXicbVDJSgNBEO2JW4xb1IvgZTAIETTMiESPwVw8RjALJGHo6alJGnsWumskYYgXf8WLB0W8+hfe/Bs7y0ETHxQ83quiqp4bC67Qsr6NzNLyyupadj23sbm1vZPf3WuoKJEM6iwSkWy5VIHgIdSRo4BWLIEGroCme18d+80HkIpH4R0OY+gGtBdynzOKWnLyB1Un7XggkHawD0gda1QcnJ4NTpx8wSpZE5iLxJ6RApmh5uS/Ol7EkgBCZIIq1batGLsplciZgFGukyiIKbunPWhrGtIAVDedfDAyj7XimX4kdYVoTtTfEykNlBoGru4MKPbVvDcW//PaCfpX3ZSHcYIQsukiPxEmRuY4DtPjEhiKoSaUSa5vNVmfSspQh5bTIdjzLy+SxnnJLpfKtxeFyvUsjiw5JEekSGxySSrkhtRInTDySJ7JK3kznowX4934mLZmjNnMPvkD4/MHdHeWQQ==</latexit>

Cωε0(x,→x)

<latexit sha1_base64="kTwe4KxCYfqYZ0fuWJj8Ia/4ukY=">AAAB/3icbVDJSgNBEO2JW4zbqODFy2AQImiYEYkeg7l4jGAWyAyhp1NJGnsWumskYczBX/HiQRGv/oY3/8bOctDEBwWP96qoqufHgiu07W8js7S8srqWXc9tbG5t75i7e3UVJZJBjUUikk2fKhA8hBpyFNCMJdDAF9Dw7ytjv/EAUvEovMNhDF5AeyHvckZRS23zoNJO3Q4IpC72AemoMDg9G5y0zbxdtCewFokzI3kyQ7VtfrmdiCUBhMgEVarl2DF6KZXImYBRzk0UxJTd0x60NA1pAMpLJ/ePrGOtdKxuJHWFaE3U3xMpDZQaBr7uDCj21bw3Fv/zWgl2r7yUh3GCELLpom4iLIyscRhWh0tgKIaaUCa5vtVifSopQx1ZTofgzL+8SOrnRadULN1e5MvXsziy5JAckQJxyCUpkxtSJTXCyCN5Jq/kzXgyXox342PamjFmM/vkD4zPH0EelZ4=</latexit>

Cωε(x,→x)

<latexit sha1_base64="VMldlQCQaKlIx9bjHomnMa890RY=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4MSSi1WPRi8cK9gPaUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9Oyura+sbm6Wt8vbO7t5+5eCwpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsv99hNVmsXy0UwSGgg8lCxiBJtcOvfcq36l6rneDGiZ+AWpQoFGv/LVG8QkFVQawrHWXd9LTJBhZRjhdFrupZommIzxkHYtlVhQHWSzW6fo1CoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpiW6CjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Yh+IsvL5PWhevX3NrDZbV+W8RRgmM4gTPw4RrqcA8NaAKBETzDK7w5wnlx3p2PeeuKU8wcwR84nz/GwY1t</latexit>→0.5

<latexit sha1_base64="ar+9gehRy7tuloMAuDs7AhMQXT4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEq8eiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nMLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqh1Sj4BIbhhuB7VQhjUOBrXB0M/Nbj6g0T+SDGacYxHQgecQZNVa6992LXrniud4c5C/xc1KBHPVe+bPbT1gWozRMUK07vpeaYEKV4UzgtNTNNKaUjegAO5ZKGqMOJvNTp+TEKn0SJcqWNGSu/pyY0FjrcRzazpiaoV72ZuJ/Xicz0VUw4TLNDEq2WBRlgpiEzP4mfa6QGTG2hDLF7a2EDamizNh0SjYEf/nlv6R55vpVt3p3Xqld53EU4QiO4RR8uIQa3EIdGsBgAE/wAq+OcJ6dN+d90Vpw8plD+AXn4xtepI03</latexit>

1.5

<latexit sha1_base64="BCR5kuzwb/dhVtOIAm3zdZ3EQU4=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgadktWj0WvXisaD+gXUo2zbah2eySZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5QSK4Nq77jQpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDvz209MaR7LRzNJmB+RoeQhp8RY6aHqXPbLFddx58CrxMtJBXI0+uWv3iCmacSkoYJo3fXcxPgZUYZTwaalXqpZQuiYDFnXUkkipv1sfuoUn1llgMNY2ZIGz9XfExmJtJ5Ege2MiBnpZW8m/ud1UxNe+xmXSWqYpItFYSqwifHsbzzgilEjJpYQqri9FdMRUYQam07JhuAtv7xKWlXHqzm1+4tK/SaPowgncArn4MEV1OEOGtAECkN4hld4QwK9oHf0sWgtoHzmGP4Aff4AYCqNOA==</latexit>

2.5

<latexit sha1_base64="/L5goANNDNaLfs66838AMwMD/to=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadn1ET0GvXiMaB6QLGF2MpsMmZ1ZZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7woQzbTzv2ymsrK6tbxQ3S1vbO7t75f2DppapIrRBJJeqHWJNORO0YZjhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWejh3L3vliud6M6Bl4uekAjnqvfJXty9JGlNhCMdad3wvMUGGlWGE00mpm2qaYDLCA9qxVOCY6iCbnTpBJ1bpo0gqW8Kgmfp7IsOx1uM4tJ0xNkO96E3F/7xOaqLrIGMiSQ0VZL4oSjkyEk3/Rn2mKDF8bAkmitlbERlihYmx6ZRsCP7iy8ukeeb6Vbd6f1Gp3eRxFOEIjuEUfLiCGtxBHRpAYADP8ApvDndenHfnY95acPKZQ/gD5/MHYbCNOQ==</latexit>

3.5

<latexit sha1_base64="aAEl/DYtIxjoGM+hOIRsI16Q1tA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEq8eiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nMLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqh1Sj4BIbhhuB7VQhjUOBrXB0M/Nbj6g0T+SDGacYxHQgecQZNVa699yLXrniud4c5C/xc1KBHPVe+bPbT1gWozRMUK07vpeaYEKV4UzgtNTNNKaUjegAO5ZKGqMOJvNTp+TEKn0SJcqWNGSu/pyY0FjrcRzazpiaoV72ZuJ/Xicz0VUw4TLNDEq2WBRlgpiEzP4mfa6QGTG2hDLF7a2EDamizNh0SjYEf/nlv6R55vpVt3p3Xqld53EU4QiO4RR8uIQa3EIdGsBgAE/wAq+OcJ6dN+d90Vpw8plD+AXn4xtdHo02</latexit>

0.5

200 modes



Conclusion

• Backreaction is the modification of classical background dynamics  due 
to the matter field 

• In analogue gravity, choice of background and quantum field is not 
natural. 

• Using number-conserving approach, one can show that the sound wave 
still resides in the classical background spacetime under the backreaction. 

• As a result of backreaction, sound wave gains spacetime dependent 
mass. 

• Modification of correlation function in backreacted spacetime can be 
investigated in analogue systems. 

• Backreaction effect occurs in the inverse of particle number order.
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