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Information entropy measures the disorder or inherent difficulty of predicting spatial and temporal structures in a time-series or spatially in a high-dimensional
dynamical system. Statistical complexity characterises departures from equilibrium distributions (even given a fixed entropy), and can distinguish deterministic from
stochastic physics (chaos vs noise). Related measures of causality quantify the relative influence of time-irreversible and -reversible processes (or directionality
spatially). Calculating these scores from direct numerical simulations can characterise the importance of coherent structures or turbulent transitions. It is also
Interesting to compare the scores for physically equivalent models calculated via approximate methods (e.g. generalised quasilinear models or data-driven codes).
The entropic cost of any approximation scheme is objectively derivable. We consider diverse applications to (e.g.) fluid thermal convection, magneto-rotational
turbulence, and gyrokinetic plasma turbulence.

Information entropy = H Statistical complexity = C
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Magnetorotational instability

* Astrophysical accretion discs need effective viscosity to
shed angular momentum and feed radial mass inflow.

* MRI = magnetorotational instability: orbital velocity
shear winds up B, while magnetic torques drive turbulence,
enabling viscous inflow. (velikhov 1959; Balbus & Hawley 1991)

 MRI can occur in magnetic Taylor-Couette experiments with conductive fluid sheared
between differentially rotating cylinders, ri<r<r, (e.g. Hollerbach & Riidiger 2005; Hung+ 2019)

Rotating thermal convection

* Rayleigh-Bénard convection between hot and cold surfaces, in a periodic box subject to
45° global rotation, like a local section of atmosphere. (Hathaway & Somerville 1986; Currie 2014)
* GQL = generalised quasilinear approximation divides (kx,k,) space into “low” and “high”
modes (background vs fluctuations), at a wavenumber cutoff /. (Saxton+ 2023)
* Fourier spatial (H,C) measure visually subtle changes to flow morphology at different A.
iInput parameters: ®a = Rayleigh number, T, = imposed meridional thermal gradient

2000 Ra=4ed, Ja=1e5, T,=—0.5, A=oo Ra=4ed, Ja=1e5, 1,==0.5, A=10 Ra=4ed, Ja=1e5, T,=—0.5, A=0
0. 0.

* Simulations find various oscillatory states and spatial modal structures near the onset of . (Rs,T,)=(4x10°-0.5) T /j - —— :
chaos. We reanalyse five cases for entropy/complexity (Guseva+2017; Guseva & Tobias 2023). forms a giant vortex. el “WONT s
- — : - — r 1/2 : - . Distributions of u,v,w, T BT e N \] ..
» Fix ®e=250; vary field strength #Ha = B, (ro.-ri) / (a/pv)*? - regimes of torque fluctuations: straighten and rise in C, for =~ o e\
very chaotic - chaotic N=10. N=0 locks T e

B, super temporal statistics B, super temporal stafistics

normalised entropy H normalised entropy H

- Ha=140 two periods - #a=145 one period o8 ] o8 ] everything onto Crax Curve
~ #7=149 standing wave i B; ] i B, ] at low H (quasiperiodic).
* Spatially 0.2<H=<0.4 for chaotic = ‘ o (%aT,)=(2x105,-2) g TA=10 4 6
cases; 0.1<sH=<0.2 for periodic = 1o ] bursting cyclic winds. "¢ i o
cases. All deterministic, Cz0.98H.  ** T ? /=10 raises H and cuts C to - ;- g
ool ‘ ‘ ‘ ‘ ool ‘ ‘ ‘ ‘ an edge inu,v,w, , i N
° Temporal (H,C,A) Of B aﬂd V. 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 distributions. A=0 locks

everything to spatial QPO.

v, super temporal statistics (ESA S S

States occur at distinct (H,C).

v, super temporal statistics

— Chaos is impure with noise. e y ] o8 y ] T T o
.. r r 1 r Z 1 [ SC?I? L 8E+:O4, s Ra=2e5, Ja=1e5, T,=0, A=co Ra=2e5, Ja=1e5, T,=0, A=10 Ra=2e5, Ja=1e5, T,=0, A=0
~ B, Ve are trivial, C=H=0.4. o O8] 1 o) ] * (%aT,)=(2x10%,0) & P I e PN I A=10 - A=0 TN
. . = y \ 1 = 1 - - .- /”f» i ///7 , \\( : x/— osk/\—= /)/;' 0.5 = & 0.5 - =
-V, V; are bimodal due to high-H, = al / g turbulence uniform in x,y i 8 ‘ ” o . \ | s e \
low-C, low-A boundary patches g ] R o | /\=10 flattens C variation ands-g\os/;;g T AR
e : o ® o} \ ] % 0af \\ brings u,v,w together. A=0 ~~ -0 Bern o, 5 02 ] fe S
- Causality is weaker in chaos; | i f i locks everything to spatial | © %0 L7 I I Vel b [
S.tronger for perIOdIC cases. For BZ o.%.o o.‘z o.‘4 o.‘e O.‘8 1.0 o.%.o o.‘z o.‘4 o.‘e O.‘8 1.0 QPO 1_7\: e .T i/i///f - 0::: ] R T iy T s e
field, As : , 0.25, 0.53, 0.52. normalised enfropy 4 normalised eniropy H S HIG -1 g

. - : REFERENCES: Ajay C.J.+ (2023) Nucl.Fus. 63, 066024 e Balbus & Hawley (1991) ApJ 376, 214 e Bandt & Pompe (2002) PRL 88, 174102 e Beer+ (1995) Ph.PI. 2, 2687
ACknOWIngements' CJS and ACJ were funded by the Turbulent Dynamlcs of Tokamak Plasmas (TDOTP) collaboration Burns+ (2020) Phys.Rev.Research 2, 023068 e Currie (2014) PhD thesis, U.Leeds e Goerler (2009) PhD theis, University of Ulm e Guseva+ (2017) PRL 119, 164501 e

under EPSRC project EP/R034737/1. We acknowledge the CINECA award under the ISCRA initiative, for the availability of Guseva & Tobias (2023) RSPTA 381, 20220120 e Hathaway & Somerville (1986) JFM 164, 91 e Hollerbach & Rudiger (2005) PRL 95, 124501 e Hung+ (2019) Comm.Phys. 2, 7 e

i i iliti Kullback & Leibler (1951) Ann.Math.Stat. 22(2), 79 e Martin+ (2006) Physica A 369(2), 439 e Martinez+ (2018) Chaos 28, 123111 e Martinez+ (2023) Chaos 33, 033138 e
hlg.h per.formance Comp.Utlng resources and Support' V\,/e acknowle_dge the use of ARC SupercompUter facilities at the Miranda+ (2015) MNRAS 448, 804 e Powell & Percival (1979) JPhA, 12, 2053 e Saxton+ (2023) arXiv:2307.03781 e Shannon (1948) “A Mathematical Theory of Communication” e
University of Leeds. This work has made use of NASA's Astrophysics Data System. Vazquez-Fernandez+ (2010) Lecture Notes in Computer Science, v6111 e Velikhov (1959) Sov.Phys.JETP 9, 995 e Xi & Gunton (1995) PRE 52, 4963 e

Zunino+ (2017) Physics Letters A 381, 1883


https://orcid.org/0000-0002-5441-1978
https://orcid.org/0000-0002-6447-581X
https://orcid.org/0000-0003-2831-184X
https://orcid.org/0000-0003-1509-2940
https://orcid.org/0000-0003-0205-7716
https://www.tdotp.ac.uk/
https://gtr.ukri.org/projects?ref=EP%2FR034737%2F1
https://ui.adsabs.harvard.edu/abs/2023NucFu..63f6024C
https://ui.adsabs.harvard.edu/abs/1991ApJ...376..214B
https://ui.adsabs.harvard.edu/abs/2002PhRvL..88q4102B
https://ui.adsabs.harvard.edu/abs/1995PhPl....2.2687B
https://ui.adsabs.harvard.edu/abs/2020PhRvR...2b3068B
http://etheses.whiterose.ac.uk/7165/
https://oparu.uni-ulm.de/xmlui/handle/123456789/1856?show=full
http://adsabs.harvard.edu/abs/2017PhRvL.119p4501G
https://ui.adsabs.harvard.edu/abs/2023RSPTA.38120120G
https://ui.adsabs.harvard.edu/abs/1986JFM...164...91H
https://ui.adsabs.harvard.edu/abs/2005PhRvL..95l4501H
https://ui.adsabs.harvard.edu/abs/2019CmPhy...2....7H
http://www.jstor.org/stable/2236703
https://ui.adsabs.harvard.edu/abs/2006PhyA..369..439M
https://ui.adsabs.harvard.edu/abs/2018Chaos..28l3111M
https://ui.adsabs.harvard.edu/abs/2023Chaos..33c3138M
https://ui.adsabs.harvard.edu/abs/2015MNRAS.448..804M
https://ui.adsabs.harvard.edu/abs/1979JPhA...12.2053P
https://arxiv.org/abs/2307.03781
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://link.springer.com/chapter/10.1007/978-3-642-13772-3_6
https://ui.adsabs.harvard.edu/abs/1959JETP....9..995V/
https://ui.adsabs.harvard.edu/abs/1995PhRvE..52.4963X
https://ui.adsabs.harvard.edu/abs/2017PhLA..381.1021Z
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://ui.adsabs.harvard.edu/abs/1979JPhA...12.2053P
https://ui.adsabs.harvard.edu/abs/1995PhRvE..52.4963X
https://ui.adsabs.harvard.edu/abs/2015MNRAS.448..804M
https://ui.adsabs.harvard.edu/abs/1959JETP....9..995V/
https://ui.adsabs.harvard.edu/abs/1991ApJ...376..214B
https://ui.adsabs.harvard.edu/abs/1995PhPl....2.2687B
https://oparu.uni-ulm.de/xmlui/handle/123456789/1856?show=full
https://ui.adsabs.harvard.edu/abs/2023NucFu..63f6024A/
https://ui.adsabs.harvard.edu/abs/1986JFM...164...91H
http://etheses.whiterose.ac.uk/7165/
https://arxiv.org/abs/2307.03781
https://tinyurl.com/2v3acszh
https://ui.adsabs.harvard.edu/abs/2005PhRvL..95l4501H
https://ui.adsabs.harvard.edu/abs/2019CmPhy...2....7H
http://adsabs.harvard.edu/abs/2017PhRvL.119p4501G
https://ui.adsabs.harvard.edu/abs/2023RSPTA.38120120G
https://link.springer.com/chapter/10.1007/978-3-642-13772-3_6
https://tinyurl.com/2v3acszh

	Slide 1

