A UV-regulated Theory of nonlinear Diffusion
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Fick’s law: Diffusion of a U(1) charge in a non-fluctuating background

om+V-J=0
2 Om — DV’n =0
J+-DVn=0 [Fick, 1895]
Problem: '
DK
the correlation functions in the hydro limit  GL (w, k) = 'X 5
—iw + Dk
fail to satisfy the sum-rules: [Kovtun, J.Phys.A (2012)]

1. _/d_w ImGE (w, k) _

7 W

2. —/d—wwImen(w,k) ~ Dk?

— [Kadanoff, Martin, Annals of Physics (1963)]
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Diffusion of a U(1) charge in a non-fluctuating background:
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the response functions changes to GE (w, k) =

and does satisfy the sum-rules:

1. _/d_w ImG% (w, k) _

T W

dw R DX 9
e - / 7WImG””<w’k) - k [Kadanoff, Martin, Annals of Physics (1963)]



4. UV-regulated Diffusion in experiment

Measuring transport in the Hubbard model: ultracold 6Li in a 2D optical lattice
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5. What about fluctuations?
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Theory of diffusive fluctuations: [Chen-Lin, Delacretaz, Hartnoll, PRL (2019)]

L =iT*k(Vpa)® = ¢a (é - DV2€) + V2, B)\ez + %)\’53} +icT?(Vipy)? [7\6 + 5\’52] +- -

* At quadratic order: Oe — DV? =0
* T-loop renormalization gives: 6—D = f—‘fiAD 5_‘7 — %%)\U
D ety o LhXxp

* |n strongly correlated but non-degenerate fermions #;y, is found to saturate
around the lattice scale at high temperatures: /i, ~ a

And since x ~ 1/(Ta?), fluctuations become of order one.
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* Leading effects caused by the nonlinear term in E[n]=0

~ the effect of 1-loop corrections on the GZ (w, k)
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[NA, Kaminski, Tavakol, 2212.11499]
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10. Long-time tails

In a simple diffusive system without a UV gapped mode
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Long-time tail
* The appearance of ;=d/2 in @G,,(tk)

d—2
is related to non-analyticity of G, (w,k) ~ { Vil d odd

log |w] d even
[Kovtun, Yaffe, PRD (2003)]

* Branch points are produced due to the interactions.
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* The late time behavior (long-time tail) of it can be calculated analytically:
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11. Long-time tails in UV-regulated theory of diffusion

* All our calculations are analytic except for & (¢ k)

we find the inverse Fourier transform numerically.

because of this complicated analytic structure!

ntw

* The late time behavior (long-time tail) of it can be calculated analytically:

1+ V1 —71DK?)" (-1+V1-7DI?) £
(1 — 7Dk?)1/4 V2n Dt

! (
&) (t.k) =g
[NA, Kaminski, Tavakol, 2212.11499]

* The gapped mode doesn’t affect the tail, while the exponential factor changes.
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* In the simplest setup,
* Take the background being a non-fluctuating Bjorken flow
* Consider a U(1) self-interacting charge on top of this flow
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* It is interesting to

* Make the baCkground dynamical [Akamatsu, Mazeliauskas, Teaney, PRC (2017)]

. . . Martinez, Schafer, PRC (2019
* Repeat the calculation near the critical point e Senate (015!



Thank you for your attention
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11. Long-time tails in UV-regulated theory of diffusion

Our theory has two scales: 707n 4+ Om — DV?n = 0

!

i
Wy = —§(1 1 — 47Dk?)

* When 7« (DK?*)! ‘

* We numerically find:

TUvV

D

(TX) ! Bn(t, k)

(14 V1-7DKY)" e-1V1-TDIE)

I = DK%/ V2rDi
* The gapped mode doesn’t affect the tail, while the exponential factor changes.

[NA, Kaminski, Tavakol, 2212.11499]



