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Hydrodynamics of Electrons 3

Strong Interactions

I goal: transport/dynamics of electrons in solids

H = Helectron +Hphonon +Himpurity +Hel−el +Hel−ph

large interacting terms – no perturbative techniques?
I in general, not computationally tractable:

I Hilbert space dim(H) ∝ exp[N ]
I often a fermion sign problem
I no real time physics with quantum Monte Carlo

I real systems can be hard:
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A “Solved” Problem

I analogy to a “solved” problem (hydrodynamics)?

vs.

vs.

I hydrodynamics is valid on long time and length scales:

ωτee � 1, k`ee � 1

where `ee = vFτee = e-e collision mean free path
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How to See the Hydrodynamic Limit

I slow modes are locally conserved quantities: in typical solid

∂
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)
(up to Coulomb interactions...can ignore if ∂t = 0)

I ordinary fluids also have momentum conservation

I umklapp and disorder relax momentum of electrons:

ordinary metal non-Fermi liquid? clean Fermi liquid

no hydro

ordinary metal non-Fermi liquid? clean Fermi liquid

maybe hydro

ordinary metal non-Fermi liquid? clean Fermi liquid
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Gurzhi Effect

I planar Poiseuille flow (called Gurzhi flow here):

vx(y) w
x

y

I estimate R (resistance per unit length):

R ∝ 1

w︸︷︷︸
‖ resistors

× 1

τ︸︷︷︸
momentum relaxation

I hydrodynamic limit (w � `ee, ignore impurities):

Rvisc ∝
1

w
× 1

τvisc
∝ 1

w
× vF`ee

w2
∝ 1

T 2w3

I ballistic limit (`ee � w): Rballistic ∝ 1
w ×

vF
w
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I approximately 2d:

I big hexagonal FS:
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Gurzhi Effect?

experiment:

[Moll et al; 1509.05691]

I simulations: w-dependence
compatible with onset of
hydrodynamics?

ρ ∼ w−1 (ballistic)

ρ ∼ w−2 (hydro)

I T -dependence?
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Circle vs. Hexagon?

I so far, models of
ballistic-to-hydro crossover
for this FS...

'

I but not this one:

I what’s different about the hexagon?
I obvious: symmetry: O(2)→ D12 (anisotropic?)
I less obvious: ≥ 2 scattering times
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Two Scattering Times

I (at least) two scattering rates (up to logs):

γf ∼
T 2

αEF
, γs ∼

T 2

EF
,

α→ 0 if branches are perfectly flat...
I similar, but not equivalent, to discrepancy in

parity-even/odd scattering rates [Ledwith et al; 1708.01815]
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The True Hydrodynamic Limit for the Hexagon

I on time scales ω � γs...hydrodynamics:

∂tn+ ∂i(n0vi −D0∂in) = 0,

mn0∂tvi +mv2s ∂in− ηjikl∂j∂kvl = 0

I broken Galilean invariance: charge current in absence of
momentum density: D0 ∝ `s = vF/γs

I new viscosity tensor! in the toy model,

ηijkl = η(δikδjl + δilδjk − δijδkl) + η̃εijεkl

η ∝ 9`s + `f , η̃ ∝ 2`f

I η̃ > 0 is dissipative – not Hall viscosity!
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No Rotational Invariance

I η̃ > 0 allowed: ionic lattice explicitly breaks rotational
invariance for electrons (τij 6= τji)

I contrast: the ionic lattice spontaneously breaks
isotropy: it (w/ electrons) must have local angular
momentum conservation (τuniverseij = τuniverseji )
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Hexagon Fermi Surface

I Gurzhi effect with hexagonal FS?
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<latexit sha1_base64="WtMwmN+gvcv25G20B9/BrXKKEn0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+3H/qV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBjfo3a</latexit><latexit sha1_base64="WtMwmN+gvcv25G20B9/BrXKKEn0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+3H/qV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBjfo3a</latexit><latexit sha1_base64="WtMwmN+gvcv25G20B9/BrXKKEn0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+3H/qV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBjfo3a</latexit><latexit sha1_base64="WtMwmN+gvcv25G20B9/BrXKKEn0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+3H/qV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBjfo3a</latexit>

ky
<latexit sha1_base64="p84Zrnh3+1EhZbRu1uepb4RqSho=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9TAbZoFpz6+4cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1NlOBM4rfRTjQllEzrCnqWSRqj9fH7qlJxZZUjCWNmShszV3xM5jbTOosB2RtSM9bI3E//zeqkJr/2cyyQ1KNliUZgKYmIy+5sMuUJmRGYJZYrbWwkbU0WZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGAEz/AKb45wXpx352PRWnKKmWP4A+fzB2UCjds=</latexit><latexit sha1_base64="p84Zrnh3+1EhZbRu1uepb4RqSho=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9TAbZoFpz6+4cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1NlOBM4rfRTjQllEzrCnqWSRqj9fH7qlJxZZUjCWNmShszV3xM5jbTOosB2RtSM9bI3E//zeqkJr/2cyyQ1KNliUZgKYmIy+5sMuUJmRGYJZYrbWwkbU0WZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGAEz/AKb45wXpx352PRWnKKmWP4A+fzB2UCjds=</latexit><latexit sha1_base64="p84Zrnh3+1EhZbRu1uepb4RqSho=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9TAbZoFpz6+4cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1NlOBM4rfRTjQllEzrCnqWSRqj9fH7qlJxZZUjCWNmShszV3xM5jbTOosB2RtSM9bI3E//zeqkJr/2cyyQ1KNliUZgKYmIy+5sMuUJmRGYJZYrbWwkbU0WZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGAEz/AKb45wXpx352PRWnKKmWP4A+fzB2UCjds=</latexit><latexit sha1_base64="p84Zrnh3+1EhZbRu1uepb4RqSho=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9TAbZoFpz6+4cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1NlOBM4rfRTjQllEzrCnqWSRqj9fH7qlJxZZUjCWNmShszV3xM5jbTOosB2RtSM9bI3E//zeqkJr/2cyyQ1KNliUZgKYmIy+5sMuUJmRGYJZYrbWwkbU0WZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGAEz/AKb45wXpx352PRWnKKmWP4A+fzB2UCjds=</latexit>

'
<latexit sha1_base64="a0nmGTpt6Jo011Qg20JBTl/ftmA=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQ11nZXdOOygn1AG8pkOmmHTiZhZlIooR/hxoUibv0ed/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+PWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxjdzvz2hUrFY3OtpQv0IDwULGcHaSO3eBMtkxPrFkmOXK9Wy6yHHrly4Na9qiOvVyt4lcm1ngRKs0OgX33uDmKQRFZpwrFTXdRLtZ1hqRjidFXqpogkmYzykXUMFjqjys8W5M3RmlAEKY2lKaLRQv09kOFJqGgWmM8J6pH57c/Evr5vqsOpnTCSppoIsF4UpRzpG89/RgElKNJ8agolk5lZERlhiok1CBRPC16fof9Iq265J5s4r1a9XceThBE7hHFy4gjrcQgOaQGAMD/AEz1ZiPVov1uuyNWetZo7hB6y3T+2Cj/U=</latexit><latexit sha1_base64="a0nmGTpt6Jo011Qg20JBTl/ftmA=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQ11nZXdOOygn1AG8pkOmmHTiZhZlIooR/hxoUibv0ed/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+PWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxjdzvz2hUrFY3OtpQv0IDwULGcHaSO3eBMtkxPrFkmOXK9Wy6yHHrly4Na9qiOvVyt4lcm1ngRKs0OgX33uDmKQRFZpwrFTXdRLtZ1hqRjidFXqpogkmYzykXUMFjqjys8W5M3RmlAEKY2lKaLRQv09kOFJqGgWmM8J6pH57c/Evr5vqsOpnTCSppoIsF4UpRzpG89/RgElKNJ8agolk5lZERlhiok1CBRPC16fof9Iq265J5s4r1a9XceThBE7hHFy4gjrcQgOaQGAMD/AEz1ZiPVov1uuyNWetZo7hB6y3T+2Cj/U=</latexit><latexit sha1_base64="a0nmGTpt6Jo011Qg20JBTl/ftmA=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQ11nZXdOOygn1AG8pkOmmHTiZhZlIooR/hxoUibv0ed/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+PWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxjdzvz2hUrFY3OtpQv0IDwULGcHaSO3eBMtkxPrFkmOXK9Wy6yHHrly4Na9qiOvVyt4lcm1ngRKs0OgX33uDmKQRFZpwrFTXdRLtZ1hqRjidFXqpogkmYzykXUMFjqjys8W5M3RmlAEKY2lKaLRQv09kOFJqGgWmM8J6pH57c/Evr5vqsOpnTCSppoIsF4UpRzpG89/RgElKNJ8agolk5lZERlhiok1CBRPC16fof9Iq265J5s4r1a9XceThBE7hHFy4gjrcQgOaQGAMD/AEz1ZiPVov1uuyNWetZo7hB6y3T+2Cj/U=</latexit><latexit sha1_base64="a0nmGTpt6Jo011Qg20JBTl/ftmA=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQ11nZXdOOygn1AG8pkOmmHTiZhZlIooR/hxoUibv0ed/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+PWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxjdzvz2hUrFY3OtpQv0IDwULGcHaSO3eBMtkxPrFkmOXK9Wy6yHHrly4Na9qiOvVyt4lcm1ngRKs0OgX33uDmKQRFZpwrFTXdRLtZ1hqRjidFXqpogkmYzykXUMFjqjys8W5M3RmlAEKY2lKaLRQv09kOFJqGgWmM8J6pH57c/Evr5vqsOpnTCSppoIsF4UpRzpG89/RgElKNJ8agolk5lZERlhiok1CBRPC16fof9Iq265J5s4r1a9XceThBE7hHFy4gjrcQgOaQGAMD/AEz1ZiPVov1uuyNWetZo7hB6y3T+2Cj/U=</latexit>

ỹ
<latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="gaH8XbbA0OzUqBiDOJ5wr3Oz3dw=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6kHUomk2lDk8yQ3BGGob/CjQtF/Evu/Demj4W2Hgh8nJOQe0+USWHR97+9ytb2zu5edb92UD88Om6c1Ls2zQ3jHZbK1PQjarkUmndQoOT9zHCqIsl70fRunveeubEi1Y9YZDxUdKxFIhhFZz0NUciYl8Vs1Gj6LX8hsgnBCpqwUnvU+BrGKcsV18gktXYQ+BmGJTUomOSz2jC3PKNsSsd84FBTxW1YLgaekQvnxCRJjTsaycL9/aKkytpCRe6mojix69nc/C8b5JjchKXQWY5cs+VHSS4JpmS+PYmF4Qxl4YAyI9yshE2ooQxdRzVXQrC+8iZ0r1qB4wcfqnAG53AJAVzDLdxDGzrAQMELvMG7Z7xX72NZV8Vb9XYKf+R9/gAI0Y9Y</latexit><latexit sha1_base64="AGZZKEheBjhNHUWFYVdkUugbano=">AAAB5XicdVBNSwMxEJ31s9aq1auXYBE8LVlpq70JXjxWsB/SLiWbzbahye6SZIWy9Fd48aCIf8mb/8Z0W0FFHxl4vDdDZl6QCq4Nxh/O2vrG5tZ2aae8W9nbP6geVro6yRRlHZqIRPUDopngMesYbgTrp4oRGQjWC6bXC7/3wJTmSXxnZinzJRnHPOKUGCvdDw0XIctn81G1ht0Gxq26h7BbbzWauIkKxT7kubhADVZoj6rvwzChmWSxoYJoPfBwavycKMOpYPPyMNMsJXRKxmxgaUwk035eLDxHp1YJUZQoW7FBhfp9IidS65kMbKckZqJ/ewvxL2+QmejSz3mcZobFdPlRlAlkErS4HoVcMWrEzBJCFbe7IjohilBjMyrbEL4uRf+T7rnrWX6LoQTHcAJn4MEFXMENtKEDFCQ8wjO8OMp5cl6Xca05q9yO4Aect09cDo+T</latexit><latexit sha1_base64="6XoC40c1cXe7DCSx8UayuWJTg88=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk2lDk8yQZIQy9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57goQzbRD6cAorq2vrG8XN0tb2zu5eef+go+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuZr73XuqNIvlrZkm1Bd4JFnECDZWuhsYxkOaTWfDcgW5NYQaVQ8it9qo1VEd5op90HNRjgpYojUsvw/CmKSCSkM41rrvocT4GVaGEU5npUGqaYLJBI9o31KJBdV+li88gydWCWEUK/ulgbn6vSPDQuupCGylwGasf3tz8S+vn5rows+YTFJDJVkMilIOTQzn18OQKUoMn1qCiWJ2V0jGWGFibEYlG8LXpfB/0jlzPctvUKV5uYyjCI7AMTgFHjgHTXANWqANCBDgATyBZ0c5j86L87ooLTjLnkPwA87bJ5lqkOo=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit>

x̃
<latexit sha1_base64="OTXcvF9d9LgCcxCTQM2LDPx2rxA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk2mDSWZIMmIZ+hVuXCji1s9x59+YTiuo6CGBwzn3cu89QcKZNgh9OIWl5ZXVteJ6aWNza3unvLvX0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTe4vZj53TuqNIvltZkk1Bd4JFnECDZWuhkYxkOa3U+H5Qpyawg1qh5EbrVRq6M6zBX7oOeiHBWwQGtYfh+EMUkFlYZwrHXfQ4nxM6wMI5xOS4NU0wSTWzyifUslFlT7Wb7wFB5ZJYRRrOyXBubq944MC60nIrCVApux/u3NxL+8fmqiMz9jMkkNlWQ+KEo5NDGcXQ9DpigxfGIJJorZXSEZY4WJsRmVbAhfl8L/SefE9Sy/qlaa54s4iuAAHIJj4IFT0ASXoAXagAABHsATeHaU8+i8OK/z0oKz6NkHP+C8fQKZJZDt</latexit><latexit sha1_base64="OTXcvF9d9LgCcxCTQM2LDPx2rxA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk2mDSWZIMmIZ+hVuXCji1s9x59+YTiuo6CGBwzn3cu89QcKZNgh9OIWl5ZXVteJ6aWNza3unvLvX0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTe4vZj53TuqNIvltZkk1Bd4JFnECDZWuhkYxkOa3U+H5Qpyawg1qh5EbrVRq6M6zBX7oOeiHBWwQGtYfh+EMUkFlYZwrHXfQ4nxM6wMI5xOS4NU0wSTWzyifUslFlT7Wb7wFB5ZJYRRrOyXBubq944MC60nIrCVApux/u3NxL+8fmqiMz9jMkkNlWQ+KEo5NDGcXQ9DpigxfGIJJorZXSEZY4WJsRmVbAhfl8L/SefE9Sy/qlaa54s4iuAAHIJj4IFT0ASXoAXagAABHsATeHaU8+i8OK/z0oKz6NkHP+C8fQKZJZDt</latexit><latexit sha1_base64="OTXcvF9d9LgCcxCTQM2LDPx2rxA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk2mDSWZIMmIZ+hVuXCji1s9x59+YTiuo6CGBwzn3cu89QcKZNgh9OIWl5ZXVteJ6aWNza3unvLvX0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTe4vZj53TuqNIvltZkk1Bd4JFnECDZWuhkYxkOa3U+H5Qpyawg1qh5EbrVRq6M6zBX7oOeiHBWwQGtYfh+EMUkFlYZwrHXfQ4nxM6wMI5xOS4NU0wSTWzyifUslFlT7Wb7wFB5ZJYRRrOyXBubq944MC60nIrCVApux/u3NxL+8fmqiMz9jMkkNlWQ+KEo5NDGcXQ9DpigxfGIJJorZXSEZY4WJsRmVbAhfl8L/SefE9Sy/qlaa54s4iuAAHIJj4IFT0ASXoAXagAABHsATeHaU8+i8OK/z0oKz6NkHP+C8fQKZJZDt</latexit><latexit sha1_base64="OTXcvF9d9LgCcxCTQM2LDPx2rxA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk2mDSWZIMmIZ+hVuXCji1s9x59+YTiuo6CGBwzn3cu89QcKZNgh9OIWl5ZXVteJ6aWNza3unvLvX0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTe4vZj53TuqNIvltZkk1Bd4JFnECDZWuhkYxkOa3U+H5Qpyawg1qh5EbrVRq6M6zBX7oOeiHBWwQGtYfh+EMUkFlYZwrHXfQ4nxM6wMI5xOS4NU0wSTWzyifUslFlT7Wb7wFB5ZJYRRrOyXBubq944MC60nIrCVApux/u3NxL+8fmqiMz9jMkkNlWQ+KEo5NDGcXQ9DpigxfGIJJorZXSEZY4WJsRmVbAhfl8L/SefE9Sy/qlaa54s4iuAAHIJj4IFT0ASXoAXagAABHsATeHaU8+i8OK/z0oKz6NkHP+C8fQKZJZDt</latexit>
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Flows in Channels 13

Hexagon Fermi Surface

I Gurzhi effect with hexagonal FS?

w<latexit sha1_base64="YqG4S/kCUZSEKAOnbtFvHiqHOyA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbGMSa3oBePCZgFkiH0dHqSNj0L3T1KGPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6fsKZVJb1YeRWVtfWN/Kbha3tnd294v5BS8apILRJYh6Ljo8l5SyiTcUUp51EUBz6nLb98dXMb99RIVkc3ahJQr0QDyMWMIKVlhr3/WLJMp1yxbFdZJnlM7vqVjSx3arjniPbtOYowRL1fvG9N4hJGtJIEY6l7NpWorwMC8UIp9NCL5U0wWSMh7SraYRDKr1sfugUnWhlgIJY6IoUmqvfJzIcSjkJfd0ZYjWSv72Z+JfXTVVQ8TIWJamiEVksClKOVIxmX6MBE5QoPtEEE8H0rYiMsMBE6WwKOoSvT9H/pOWYtk6m4ZZql8s48nAEx3AKNlxADa6hDk0gQOEBnuDZuDUejRfjddGaM5Yzh/ADxtsnVvyNSg==</latexit><latexit sha1_base64="YqG4S/kCUZSEKAOnbtFvHiqHOyA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbGMSa3oBePCZgFkiH0dHqSNj0L3T1KGPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6fsKZVJb1YeRWVtfWN/Kbha3tnd294v5BS8apILRJYh6Ljo8l5SyiTcUUp51EUBz6nLb98dXMb99RIVkc3ahJQr0QDyMWMIKVlhr3/WLJMp1yxbFdZJnlM7vqVjSx3arjniPbtOYowRL1fvG9N4hJGtJIEY6l7NpWorwMC8UIp9NCL5U0wWSMh7SraYRDKr1sfugUnWhlgIJY6IoUmqvfJzIcSjkJfd0ZYjWSv72Z+JfXTVVQ8TIWJamiEVksClKOVIxmX6MBE5QoPtEEE8H0rYiMsMBE6WwKOoSvT9H/pOWYtk6m4ZZql8s48nAEx3AKNlxADa6hDk0gQOEBnuDZuDUejRfjddGaM5Yzh/ADxtsnVvyNSg==</latexit><latexit sha1_base64="YqG4S/kCUZSEKAOnbtFvHiqHOyA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbGMSa3oBePCZgFkiH0dHqSNj0L3T1KGPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6fsKZVJb1YeRWVtfWN/Kbha3tnd294v5BS8apILRJYh6Ljo8l5SyiTcUUp51EUBz6nLb98dXMb99RIVkc3ahJQr0QDyMWMIKVlhr3/WLJMp1yxbFdZJnlM7vqVjSx3arjniPbtOYowRL1fvG9N4hJGtJIEY6l7NpWorwMC8UIp9NCL5U0wWSMh7SraYRDKr1sfugUnWhlgIJY6IoUmqvfJzIcSjkJfd0ZYjWSv72Z+JfXTVVQ8TIWJamiEVksClKOVIxmX6MBE5QoPtEEE8H0rYiMsMBE6WwKOoSvT9H/pOWYtk6m4ZZql8s48nAEx3AKNlxADa6hDk0gQOEBnuDZuDUejRfjddGaM5Yzh/ADxtsnVvyNSg==</latexit><latexit sha1_base64="YqG4S/kCUZSEKAOnbtFvHiqHOyA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbGMSa3oBePCZgFkiH0dHqSNj0L3T1KGPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6fsKZVJb1YeRWVtfWN/Kbha3tnd294v5BS8apILRJYh6Ljo8l5SyiTcUUp51EUBz6nLb98dXMb99RIVkc3ahJQr0QDyMWMIKVlhr3/WLJMp1yxbFdZJnlM7vqVjSx3arjniPbtOYowRL1fvG9N4hJGtJIEY6l7NpWorwMC8UIp9NCL5U0wWSMh7SraYRDKr1sfugUnWhlgIJY6IoUmqvfJzIcSjkJfd0ZYjWSv72Z+JfXTVVQ8TIWJamiEVksClKOVIxmX6MBE5QoPtEEE8H0rYiMsMBE6WwKOoSvT9H/pOWYtk6m4ZZql8s48nAEx3AKNlxADa6hDk0gQOEBnuDZuDUejRfjddGaM5Yzh/ADxtsnVvyNSg==</latexit>

✓<latexit sha1_base64="0y2+thymimy4Mi3BUMJy+yW9Mhs=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIaa7srunFZwT6gDWUynbRjJ5MwcyOU0H9w40IRt/6PO//G6UNQ0QMXDufcy733BIngGhznw8qtrK6tb+Q3C1vbO7t7xf2Dlo5TRVmTxiJWnYBoJrhkTeAgWCdRjESBYO1gfDXz2/dMaR7LW5gkzI/IUPKQUwJGavVgxID0iyXHLleqZdfDjl05c2te1RDXq5W9c+zazhwltESjX3zvDWKaRkwCFUTrrusk4GdEAaeCTQu9VLOE0DEZsq6hkkRM+9n82ik+McoAh7EyJQHP1e8TGYm0nkSB6YwIjPRvbyb+5XVTCKt+xmWSApN0sShMBYYYz17HA64YBTExhFDFza2YjogiFExABRPC16f4f9Iq265J5sYr1S+XceTRETpGp8hFF6iOrlEDNRFFd+gBPaFnK7YerRfrddGas5Yzh+gHrLdPFj6Pdw==</latexit><latexit sha1_base64="0y2+thymimy4Mi3BUMJy+yW9Mhs=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIaa7srunFZwT6gDWUynbRjJ5MwcyOU0H9w40IRt/6PO//G6UNQ0QMXDufcy733BIngGhznw8qtrK6tb+Q3C1vbO7t7xf2Dlo5TRVmTxiJWnYBoJrhkTeAgWCdRjESBYO1gfDXz2/dMaR7LW5gkzI/IUPKQUwJGavVgxID0iyXHLleqZdfDjl05c2te1RDXq5W9c+zazhwltESjX3zvDWKaRkwCFUTrrusk4GdEAaeCTQu9VLOE0DEZsq6hkkRM+9n82ik+McoAh7EyJQHP1e8TGYm0nkSB6YwIjPRvbyb+5XVTCKt+xmWSApN0sShMBYYYz17HA64YBTExhFDFza2YjogiFExABRPC16f4f9Iq265J5sYr1S+XceTRETpGp8hFF6iOrlEDNRFFd+gBPaFnK7YerRfrddGas5Yzh+gHrLdPFj6Pdw==</latexit><latexit sha1_base64="0y2+thymimy4Mi3BUMJy+yW9Mhs=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIaa7srunFZwT6gDWUynbRjJ5MwcyOU0H9w40IRt/6PO//G6UNQ0QMXDufcy733BIngGhznw8qtrK6tb+Q3C1vbO7t7xf2Dlo5TRVmTxiJWnYBoJrhkTeAgWCdRjESBYO1gfDXz2/dMaR7LW5gkzI/IUPKQUwJGavVgxID0iyXHLleqZdfDjl05c2te1RDXq5W9c+zazhwltESjX3zvDWKaRkwCFUTrrusk4GdEAaeCTQu9VLOE0DEZsq6hkkRM+9n82ik+McoAh7EyJQHP1e8TGYm0nkSB6YwIjPRvbyb+5XVTCKt+xmWSApN0sShMBYYYz17HA64YBTExhFDFza2YjogiFExABRPC16f4f9Iq265J5sYr1S+XceTRETpGp8hFF6iOrlEDNRFFd+gBPaFnK7YerRfrddGas5Yzh+gHrLdPFj6Pdw==</latexit><latexit sha1_base64="0y2+thymimy4Mi3BUMJy+yW9Mhs=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIaa7srunFZwT6gDWUynbRjJ5MwcyOU0H9w40IRt/6PO//G6UNQ0QMXDufcy733BIngGhznw8qtrK6tb+Q3C1vbO7t7xf2Dlo5TRVmTxiJWnYBoJrhkTeAgWCdRjESBYO1gfDXz2/dMaR7LW5gkzI/IUPKQUwJGavVgxID0iyXHLleqZdfDjl05c2te1RDXq5W9c+zazhwltESjX3zvDWKaRkwCFUTrrusk4GdEAaeCTQu9VLOE0DEZsq6hkkRM+9n82ik+McoAh7EyJQHP1e8TGYm0nkSB6YwIjPRvbyb+5XVTCKt+xmWSApN0sShMBYYYz17HA64YBTExhFDFza2YjogiFExABRPC16f4f9Iq265J5sYr1S+XceTRETpGp8hFF6iOrlEDNRFFd+gBPaFnK7YerRfrddGas5Yzh+gHrLdPFj6Pdw==</latexit>

kx
<latexit sha1_base64="WtMwmN+gvcv25G20B9/BrXKKEn0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+3H/qV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBjfo3a</latexit><latexit sha1_base64="WtMwmN+gvcv25G20B9/BrXKKEn0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+3H/qV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBjfo3a</latexit><latexit sha1_base64="WtMwmN+gvcv25G20B9/BrXKKEn0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+3H/qV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBjfo3a</latexit><latexit sha1_base64="WtMwmN+gvcv25G20B9/BrXKKEn0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+3H/qV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBjfo3a</latexit>

ky
<latexit sha1_base64="p84Zrnh3+1EhZbRu1uepb4RqSho=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9TAbZoFpz6+4cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1NlOBM4rfRTjQllEzrCnqWSRqj9fH7qlJxZZUjCWNmShszV3xM5jbTOosB2RtSM9bI3E//zeqkJr/2cyyQ1KNliUZgKYmIy+5sMuUJmRGYJZYrbWwkbU0WZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGAEz/AKb45wXpx352PRWnKKmWP4A+fzB2UCjds=</latexit><latexit sha1_base64="p84Zrnh3+1EhZbRu1uepb4RqSho=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9TAbZoFpz6+4cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1NlOBM4rfRTjQllEzrCnqWSRqj9fH7qlJxZZUjCWNmShszV3xM5jbTOosB2RtSM9bI3E//zeqkJr/2cyyQ1KNliUZgKYmIy+5sMuUJmRGYJZYrbWwkbU0WZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGAEz/AKb45wXpx352PRWnKKmWP4A+fzB2UCjds=</latexit><latexit sha1_base64="p84Zrnh3+1EhZbRu1uepb4RqSho=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9TAbZoFpz6+4cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1NlOBM4rfRTjQllEzrCnqWSRqj9fH7qlJxZZUjCWNmShszV3xM5jbTOosB2RtSM9bI3E//zeqkJr/2cyyQ1KNliUZgKYmIy+5sMuUJmRGYJZYrbWwkbU0WZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGAEz/AKb45wXpx352PRWnKKmWP4A+fzB2UCjds=</latexit><latexit sha1_base64="p84Zrnh3+1EhZbRu1uepb4RqSho=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9TAbZoFpz6+4cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1NlOBM4rfRTjQllEzrCnqWSRqj9fH7qlJxZZUjCWNmShszV3xM5jbTOosB2RtSM9bI3E//zeqkJr/2cyyQ1KNliUZgKYmIy+5sMuUJmRGYJZYrbWwkbU0WZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawGAEz/AKb45wXpx352PRWnKKmWP4A+fzB2UCjds=</latexit>

'
<latexit sha1_base64="a0nmGTpt6Jo011Qg20JBTl/ftmA=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQ11nZXdOOygn1AG8pkOmmHTiZhZlIooR/hxoUibv0ed/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+PWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxjdzvz2hUrFY3OtpQv0IDwULGcHaSO3eBMtkxPrFkmOXK9Wy6yHHrly4Na9qiOvVyt4lcm1ngRKs0OgX33uDmKQRFZpwrFTXdRLtZ1hqRjidFXqpogkmYzykXUMFjqjys8W5M3RmlAEKY2lKaLRQv09kOFJqGgWmM8J6pH57c/Evr5vqsOpnTCSppoIsF4UpRzpG89/RgElKNJ8agolk5lZERlhiok1CBRPC16fof9Iq265J5s4r1a9XceThBE7hHFy4gjrcQgOaQGAMD/AEz1ZiPVov1uuyNWetZo7hB6y3T+2Cj/U=</latexit><latexit sha1_base64="a0nmGTpt6Jo011Qg20JBTl/ftmA=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQ11nZXdOOygn1AG8pkOmmHTiZhZlIooR/hxoUibv0ed/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+PWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxjdzvz2hUrFY3OtpQv0IDwULGcHaSO3eBMtkxPrFkmOXK9Wy6yHHrly4Na9qiOvVyt4lcm1ngRKs0OgX33uDmKQRFZpwrFTXdRLtZ1hqRjidFXqpogkmYzykXUMFjqjys8W5M3RmlAEKY2lKaLRQv09kOFJqGgWmM8J6pH57c/Evr5vqsOpnTCSppoIsF4UpRzpG89/RgElKNJ8agolk5lZERlhiok1CBRPC16fof9Iq265J5s4r1a9XceThBE7hHFy4gjrcQgOaQGAMD/AEz1ZiPVov1uuyNWetZo7hB6y3T+2Cj/U=</latexit><latexit sha1_base64="a0nmGTpt6Jo011Qg20JBTl/ftmA=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQ11nZXdOOygn1AG8pkOmmHTiZhZlIooR/hxoUibv0ed/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+PWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxjdzvz2hUrFY3OtpQv0IDwULGcHaSO3eBMtkxPrFkmOXK9Wy6yHHrly4Na9qiOvVyt4lcm1ngRKs0OgX33uDmKQRFZpwrFTXdRLtZ1hqRjidFXqpogkmYzykXUMFjqjys8W5M3RmlAEKY2lKaLRQv09kOFJqGgWmM8J6pH57c/Evr5vqsOpnTCSppoIsF4UpRzpG89/RgElKNJ8agolk5lZERlhiok1CBRPC16fof9Iq265J5s4r1a9XceThBE7hHFy4gjrcQgOaQGAMD/AEz1ZiPVov1uuyNWetZo7hB6y3T+2Cj/U=</latexit><latexit sha1_base64="a0nmGTpt6Jo011Qg20JBTl/ftmA=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQ11nZXdOOygn1AG8pkOmmHTiZhZlIooR/hxoUibv0ed/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+PWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxjdzvz2hUrFY3OtpQv0IDwULGcHaSO3eBMtkxPrFkmOXK9Wy6yHHrly4Na9qiOvVyt4lcm1ngRKs0OgX33uDmKQRFZpwrFTXdRLtZ1hqRjidFXqpogkmYzykXUMFjqjys8W5M3RmlAEKY2lKaLRQv09kOFJqGgWmM8J6pH57c/Evr5vqsOpnTCSppoIsF4UpRzpG89/RgElKNJ8agolk5lZERlhiok1CBRPC16fof9Iq265J5s4r1a9XceThBE7hHFy4gjrcQgOaQGAMD/AEz1ZiPVov1uuyNWetZo7hB6y3T+2Cj/U=</latexit>

ỹ
<latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="gaH8XbbA0OzUqBiDOJ5wr3Oz3dw=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6kHUomk2lDk8yQ3BGGob/CjQtF/Evu/Demj4W2Hgh8nJOQe0+USWHR97+9ytb2zu5edb92UD88Om6c1Ls2zQ3jHZbK1PQjarkUmndQoOT9zHCqIsl70fRunveeubEi1Y9YZDxUdKxFIhhFZz0NUciYl8Vs1Gj6LX8hsgnBCpqwUnvU+BrGKcsV18gktXYQ+BmGJTUomOSz2jC3PKNsSsd84FBTxW1YLgaekQvnxCRJjTsaycL9/aKkytpCRe6mojix69nc/C8b5JjchKXQWY5cs+VHSS4JpmS+PYmF4Qxl4YAyI9yshE2ooQxdRzVXQrC+8iZ0r1qB4wcfqnAG53AJAVzDLdxDGzrAQMELvMG7Z7xX72NZV8Vb9XYKf+R9/gAI0Y9Y</latexit><latexit sha1_base64="AGZZKEheBjhNHUWFYVdkUugbano=">AAAB5XicdVBNSwMxEJ31s9aq1auXYBE8LVlpq70JXjxWsB/SLiWbzbahye6SZIWy9Fd48aCIf8mb/8Z0W0FFHxl4vDdDZl6QCq4Nxh/O2vrG5tZ2aae8W9nbP6geVro6yRRlHZqIRPUDopngMesYbgTrp4oRGQjWC6bXC7/3wJTmSXxnZinzJRnHPOKUGCvdDw0XIctn81G1ht0Gxq26h7BbbzWauIkKxT7kubhADVZoj6rvwzChmWSxoYJoPfBwavycKMOpYPPyMNMsJXRKxmxgaUwk035eLDxHp1YJUZQoW7FBhfp9IidS65kMbKckZqJ/ewvxL2+QmejSz3mcZobFdPlRlAlkErS4HoVcMWrEzBJCFbe7IjohilBjMyrbEL4uRf+T7rnrWX6LoQTHcAJn4MEFXMENtKEDFCQ8wjO8OMp5cl6Xca05q9yO4Aect09cDo+T</latexit><latexit sha1_base64="6XoC40c1cXe7DCSx8UayuWJTg88=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk2lDk8yQZIQy9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57goQzbRD6cAorq2vrG8XN0tb2zu5eef+go+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuZr73XuqNIvlrZkm1Bd4JFnECDZWuhsYxkOaTWfDcgW5NYQaVQ8it9qo1VEd5op90HNRjgpYojUsvw/CmKSCSkM41rrvocT4GVaGEU5npUGqaYLJBI9o31KJBdV+li88gydWCWEUK/ulgbn6vSPDQuupCGylwGasf3tz8S+vn5rows+YTFJDJVkMilIOTQzn18OQKUoMn1qCiWJ2V0jGWGFibEYlG8LXpfB/0jlzPctvUKV5uYyjCI7AMTgFHjgHTXANWqANCBDgATyBZ0c5j86L87ooLTjLnkPwA87bJ5lqkOo=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit><latexit sha1_base64="mvfKGT2cCGzsXfJJ2+HGwfOQe1E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk7ahSWZIMsIw9CvcuFDErZ/jzr8xnVZQ0UMCh3Pu5d57gpgzbRD6cAorq2vrG8XN0tb2zu5eef+go6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZr73XuqNIvkrUlj6gs8lmzECDZWuhsYxkOapbNhuYLcGkKNqgeRW23U6qgOc8U+6LkoRwUs0RqW3wdhRBJBpSEca933UGz8DCvDCKez0iDRNMZkise0b6nEgmo/yxeewROrhHAUKfulgbn6vSPDQutUBLZSYDPRv725+JfXT8zows+YjBNDJVkMGiUcmgjOr4chU5QYnlqCiWJ2V0gmWGFibEYlG8LXpfB/0jlzPctvqpXm5TKOIjgCx+AUeOAcNME1aIE2IECAB/AEnh3lPDovzuuitOAsew7BDzhvn5qqkO4=</latexit>

x̃
<latexit sha1_base64="OTXcvF9d9LgCcxCTQM2LDPx2rxA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk2mDSWZIMmIZ+hVuXCji1s9x59+YTiuo6CGBwzn3cu89QcKZNgh9OIWl5ZXVteJ6aWNza3unvLvX0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTe4vZj53TuqNIvltZkk1Bd4JFnECDZWuhkYxkOa3U+H5Qpyawg1qh5EbrVRq6M6zBX7oOeiHBWwQGtYfh+EMUkFlYZwrHXfQ4nxM6wMI5xOS4NU0wSTWzyifUslFlT7Wb7wFB5ZJYRRrOyXBubq944MC60nIrCVApux/u3NxL+8fmqiMz9jMkkNlWQ+KEo5NDGcXQ9DpigxfGIJJorZXSEZY4WJsRmVbAhfl8L/SefE9Sy/qlaa54s4iuAAHIJj4IFT0ASXoAXagAABHsATeHaU8+i8OK/z0oKz6NkHP+C8fQKZJZDt</latexit><latexit sha1_base64="OTXcvF9d9LgCcxCTQM2LDPx2rxA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk2mDSWZIMmIZ+hVuXCji1s9x59+YTiuo6CGBwzn3cu89QcKZNgh9OIWl5ZXVteJ6aWNza3unvLvX0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTe4vZj53TuqNIvltZkk1Bd4JFnECDZWuhkYxkOa3U+H5Qpyawg1qh5EbrVRq6M6zBX7oOeiHBWwQGtYfh+EMUkFlYZwrHXfQ4nxM6wMI5xOS4NU0wSTWzyifUslFlT7Wb7wFB5ZJYRRrOyXBubq944MC60nIrCVApux/u3NxL+8fmqiMz9jMkkNlWQ+KEo5NDGcXQ9DpigxfGIJJorZXSEZY4WJsRmVbAhfl8L/SefE9Sy/qlaa54s4iuAAHIJj4IFT0ASXoAXagAABHsATeHaU8+i8OK/z0oKz6NkHP+C8fQKZJZDt</latexit><latexit sha1_base64="OTXcvF9d9LgCcxCTQM2LDPx2rxA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk2mDSWZIMmIZ+hVuXCji1s9x59+YTiuo6CGBwzn3cu89QcKZNgh9OIWl5ZXVteJ6aWNza3unvLvX0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTe4vZj53TuqNIvltZkk1Bd4JFnECDZWuhkYxkOa3U+H5Qpyawg1qh5EbrVRq6M6zBX7oOeiHBWwQGtYfh+EMUkFlYZwrHXfQ4nxM6wMI5xOS4NU0wSTWzyifUslFlT7Wb7wFB5ZJYRRrOyXBubq944MC60nIrCVApux/u3NxL+8fmqiMz9jMkkNlWQ+KEo5NDGcXQ9DpigxfGIJJorZXSEZY4WJsRmVbAhfl8L/SefE9Sy/qlaa54s4iuAAHIJj4IFT0ASXoAXagAABHsATeHaU8+i8OK/z0oKz6NkHP+C8fQKZJZDt</latexit><latexit sha1_base64="OTXcvF9d9LgCcxCTQM2LDPx2rxA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLSVrsrunFZwT6kHUomk2mDSWZIMmIZ+hVuXCji1s9x59+YTiuo6CGBwzn3cu89QcKZNgh9OIWl5ZXVteJ6aWNza3unvLvX0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTe4vZj53TuqNIvltZkk1Bd4JFnECDZWuhkYxkOa3U+H5Qpyawg1qh5EbrVRq6M6zBX7oOeiHBWwQGtYfh+EMUkFlYZwrHXfQ4nxM6wMI5xOS4NU0wSTWzyifUslFlT7Wb7wFB5ZJYRRrOyXBubq944MC60nIrCVApux/u3NxL+8fmqiMz9jMkkNlWQ+KEo5NDGcXQ9DpigxfGIJJorZXSEZY4WJsRmVbAhfl8L/SefE9Sy/qlaa54s4iuAAHIJj4IFT0ASXoAXagAABHsATeHaU8+i8OK/z0oKz6NkHP+C8fQKZJZDt</latexit>
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Flows in Channels 14

Origin of Non-Monotonicity

I extreme angular dependence as γs → 0:
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I hydrodynamic limit (no slip boundary conditions):

G =
e2n2w3

12ηxyxy(φ)

for the hexagon, ηxyxy(φ) = η + η̃.
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Revisiting Experiment 15

Replotting Data

I is our model relevant at all for PdCoO2? not yet...

I re-plotting (more of) earlier data:
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I why small w curves don’t collapse as T → 0?
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Revisiting Experiment 16

Ohmic Fit?

I we fit these curves to the model

G(w, T )

G(w, 0)
=
Aballistic + ρbulk(0)w

Aballistic + ρbulk(T )w

with Aballistic only fit parameter, same for all w
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Outlook 17

I punchline: electronic hydrodynamics is sensitive to
microscopics, even in fairly simple Fermi liquids

I hierarchies of time scales, and imbalance modes
I viscosity tensor ηijkl with new allowed components in

anisotropic electron fluids
I non-monotonic T and w dependence in Gurzhi effect:

viscous transport not necessarily “superballistic”

I PdCoO2 – still some open questions...?
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