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Outline

» Helical symmetry

* Review Hydrodynamics
 Helical Hydrodynamics
 Outlook
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Helical Symmetry

* Only a combination of
translation and rotation
IS a symmetry

« Corresponding
conserved quantity:

L,
KZ=PZ+?

 Mixes spacetime
symmetries
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Realizations:

* Cholesteric liquid crystals (pinned)

[ nsk nam/cls of
“ﬂ'ﬁm S,

* Non-symmorphic crystal (“discrete helical symmetry”)

[Wang et al, Hourglass Fermions, 2016]
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Review of hydrodynamics

* Follow a small number of quantities that are
conserved, (P, B, N)

d
Ef ndx=20
on + 0;J; = 0,
Oma + 0iTia = 0.
 But what are t,]J, and how are they related to n, «?

 This talk: write down all the terms you can consistent
with the symmetries. (Can check within Kinetic Theory
and modern EFT framework)
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Gradient expansion

« Expand T in powers of the hydrodynamic variables
and in powers of V (using v instead of m).
* (linear response is sufficient)

tia = AiAn + BiABvB + CiAkakn + DiAkBaka + .-
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tia = AiAn + BiABvB + CiAkakn + DiAkBaka + .-

 New dissipationless
terms allowed!

Ciak = vsz (aEiAz(SkZ + IBEiAz)

T g~Viaey g0,n

2
Toa~Vs PExpOpn
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Same game for J:
Ja = novy + beyp0,vp

J; = NoV, + ae p0,vp

* It turns out, for general thermodynamic reasons:
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Key Terms in Equations of motion:

Nng0evy + v$ 0,n + vi(a + f)espdpd,n —n0;0;v4 — 1,054 =0

noath + USZ azn + vsz(a + ,B)EABaBazn I naiaivA I 77zazzl7A =0

dn +nyd;v; — (@ + B)esg0,0,v5 =0

What about m,?
Why no rotational viscosity n,?

What is the value of a, f ?
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What about r,?

0¢t, + N1 = — 7 (Txy — Tyx)

$

* If there is any part of 7,, — 7, that is not a total
derivative, m, is not conserved!
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Rotational viscosity relaxes m,

* When angular momentum not conserved:

Ty — Tyx = —2no(6xvy — ayvx)

v
wZ

 But a fluid with helix symmetries in in equilibrium with
density matrix:

p~e _B(H_HN _VAPA_WKZ)

* A"boost’ in K, (w - w + u) leaves the fluid in
equilibrium, so it can not create any entropy!
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Rotational viscosity relaxes m,

w, = w, +2u/é
* Not good enough! Instead we need:
Txy = Tyx™~ — 4770(wz/2 - vz/é)

* This gives us the required “not total derivative term”,
leading to:

I 4 1.0 47, N 2w,
tllz T NoOz UL = — Uy
ps? ps
4n, Same relaxation rate as
Y =77 calculated in kinetic
pS theory and EFT!
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a is fixed!

 After v, has relaxed:

2023-03-09

— Tyx™~ T no$ o, u/2

a=-—-"nyé/2
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Summary and Outlook

* Mixing of spacetime symmetries has interesting
consequences for hydrodynamics

« Landau, Kinetic Theory, EFT (not presented) all offer
useful perspectives on the complications this mixing
provides

« “discrete helix”: interesting?

« Other theories that mix multipolar symmetries and
translations?
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Thanks a lot for listening!
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