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Overview

1. Compressible polar active matter has a rich phase diagram

* Interplay between ordered and disordered motion with phase-
separation

2. There is a multicritical point where all phases merge

3. We discover 3 new nonequilibrium universality classes
using the FRG
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Hydrodynamic Theory

Under assumptions of:

Continuity equation for density * Mass conservation
* Translation sym.
o,p=-V-g * Rotation sym.

e Chiral sym.

Toner-Tu equation for momentum density

v g +A19-Vg+21,9-(Vg)" + 39V - g

=—a(p,g2)g — k(p, g>)Vpl+ ({ — Vg +uv (V- g) + nVvp

tr,9(g-Vp) +f
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Simulations

Nesbitt, Pruessner, Lee, New Journal of Physics (2021)
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Phase Diagram
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EOM near the multicritical point
INd =6 —¢

0cg = —a(p)g + (uy —u)V?g +u, V(V-g)| |- x()Vp +IVVpl |+ f
"pressure" Noise
Op=-V-g
Continuity eq.
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Critical Exponents

Anomalous dimensions n, and 7,
Dynamic exponent z

w
(9(q, w)g(—q,—w)) = q**"9S, (?)

w
(p(q, w)p(—q,—w)) = q~* e, <?>

Nonequilibrium exponent

(g(q0)g(-q.-w)) (2)
1 = (q SNE V4
& 1m x(q,) !

26.07.2022 11




Functional Renormalization Group

Exact Wetterich equation

Wetterich, Phys. Lett. B (1993)

-1
— (2) orris, Int. J. Mod. S.
ak Fk o Tr {(Fk + Rk akRk I\E/Illwan’gle:, geil\t/'lscﬂr.i%hyi.(ég(g14394)
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Ansatz for eﬂ:eCtlve ACtlon g = ~a(p)g + G = Vg + 1,V )| |- K(p)Vp + {70 |+

Martin-Siggia-Rose-de Dominicis-Janssen

fOI‘mahsm Canet, Chaté, Delamotte, J. Phys. A: Math. Theor. (2011)

Fk [g' 9, :5' p] — fr,t _ZDkgz + p_(atp +V- g) +§(Kk(p)|7p o Ckvzvp)
Noise Continuity eq. "pressure”

+g(Yk0:9 + ax(p)g — (Hu,k — .UJ_,k)Vzg —u  V(V-9))}
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Ansatz for effective Action

Martin-Siggia-Rose-de Dominicis-Janssen

fOI‘mahsm Canet, Chaté, Delamotte, J. Phys. A: Math. Theor. (2011)

v [9.9.0,p] = |, {-2Dxg®  +p(0p+V-9)  +g(k(p)Vp T V*Vp)
+9(yk0:9 + ar(p)g (Hu,k — .UJ_,k)Vzg —u  V(V-g))}
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Momentum dependent terms

Projections at non-zero density fluctuations

1 1 dZ q®q 526kf'k
ak,u” = Tr —
2VTd —1dq* g 69(q,0)59(—q,0)

P=Pmin

Nonperturbative in p, /u; and (y/,uuz
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Flow equations
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Critical Exponents and Universal
Ratios

Mp Ng Z— 2 i/ v/’

O 0 0 0 0

O 0 0 0 0 1.43
@ | 0.066€° 0.043¢% 0.076¢€* 0.011¢? 1.45 1.37
@ | 0.223¢? —0.026€®> 0.039¢? 0.084¢2 0.31 0
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Conclusion

1. Compressible polar active matter has a rich phase diagram

* Interplay between ordered and disordered motion with phase-
separation

2. There is a multicritical point where all phases merge

3. We discover 3 new nonequilibrium universality classes
using the FRG

v
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Thank you!
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