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1. Overview
1.1 Complexity/disorder and structure/order
1.2 Self-organisation



1.1 Complexity/disorder (turbulence)
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1.1 Complexity/disorder (turbulence
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Order/Structure (shear, zonal flows)
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Turbulence enhances mixing but shear flow eats up

turbulence, reducing turbulent mixing rate.

[Kim & Dubrulle 01,02; Kim 04,05,06,07; Kim et al 03,04,05,06; Leprovost & Kim 07,08,09,11; Numerical:
Newton & Kim 08,09,11; Courvousier & Kim 09; Sood, Hollerbach & Kim 16, etc.]
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2. The Low-to-High confinement (L-H) transition
2.1 Deterministic model
2.2 Stochastic model



2. Low-to-high confinement (L-H) transition

—> Spontaneous formation of shear flow
—> Improvement of confinement!

Radial profile of flow energy/particle loss
after transition
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2.1 Deterministic model (Kim & Diamond, PRL 2003)

8, = EN — a\E* — a,V*E — a3 Vo€,

EV.
d,Vzr = b T F bZFVQ b3 VzF,
2

IN = —c1EN — N + Q.

N: Temperature/density gradient (rabbit food: grasses)
Q: External heating (water/sunlight)

E: Turbulence (prey: rabbits)

V,: zonal flows (predator: lions)

V = dN?: mean flows (super predator)
a, b, c, d: constant model parameters



From Kim & Diamond PRL 03
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FIG. 1. Evolution of £ (solid line), V5 (dotted line), and
N /5 (dashed line) as a function of input power Q = 0.01r.
Parameter values are a; = 0.2, a>» = a; = 0.7, by = L5, b, =
b3 = l,Cl = l,C2 =O.5,andd= 1.



2.2 Stochastic model (Kim & Hollerbach, PRL submitted)
d:t:

N: Temperature (rabbit food: grasses)
Q: External heating (water/sunlight)
E=x?: Turbulence (prey: rabbits)
v=V,.: zonal flows (predator: lions)

V = dN?: mean flows (super predator)
a, b, ¢, d: constant model parameters |




¢ and n are two independent Gaussian noise
with a short correlation time

(E()E(H')) = 2D20(t — t'), (n(t)n(t)) = 2D,o(t —t)

(E(@)n(t')) =0, (§) =(n) =0

Fokker-Planck equation for p(x,v,t)
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Recall: Gaussian PDF

| lx—ul’ p 2
p(x,t)= 2myexp(— Py )=\/;exp(—/5lx—ul)

A' = (o, u) parameter

u = mean value

o = standard deviation
1

p =

20°

= Inverse temperature
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p(x,t) = /d?f}?(%vat} x: turbulence, v: zonal flow
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p(v, 1) :/dfvp(i’fa”"»t) X: turbulence, v: zonal flow
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Information length
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Unit of distance = width of PDF (variance o)
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Time dependent problem: p(t) and o(t)

Less than 9 unit distance!
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Time-dependent PDF
[Kim 18; Nicholson & Kim 15,16; Heseltine & Kim 16; Kim & Hollerbach 20]

d_L2 alnp(x,t)2
(dr) o )( o )

. : 1 |dL
rate of information change: 7' =|—

dt

Information length L(t): dimensionless total number of different
statistical states that a system evolves through in time (0,t)

dln p(x,t,) 2
‘L’(t) fo 1\fdx p(x’tl)( ot )



1/72 vs time Information length vs time
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3. Other examples:
3.1 Music
3.2 Global circulations



p(x, t)
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3.1 Music: can we see music?
[Nicholson & Kim Entropy 2016]

Sarlnple PD,F from Tchaikm-"sky’s 1812 overture w1 04
X!
1812 Overture
157
d
il
Beethoven
05+
Vivaldi's Summer
| 0 ' | V l
I PR 0 200 400 600

T

8



450

-

400

350

P -
300

250

200

150

100

Mozart Violin Concerto No 3

QI\-. ' g - -ﬁ * .:
™~ ..l. .ﬂ -. -.Jo-m -...- -I —.-. o..".w

..r...o--a..vr..vﬁ - .1 L8

&..s..s_i:. Fhiadk ‘w..n TR

H

LY

700

e “h .. ‘._—w’ﬂ.-ﬁcl-.. »

500

L £ - — .
-. ..4 LI ‘.-m.-l%t.t R e J
.l-...nlh n...-cn %.-..wa“l N- Ph!# . i
k. h..v. a:anw p..” " ku( B e
:-.... .—. - h..l
S I T g ou... 0 # o
w't ar g .r.a..l._.. &.ﬁ”.ﬂ £
: m..v. ....__ 8
; WrweIn T -

o .ﬁ w - - S
\.... Iﬂ-gﬂ (P!.....w..b A O
TN AN .... at -u i " Wt
. -qq-.- ‘.sznQ- P k -

e LI * ..-i V.?t [ - N

— . s

o .....a...e Lavesly |

R ...?43._. Liadrhe A3 A H

Y K i
- ..-v.- "‘ﬂﬂ‘.ﬁ“w’?m&".... . m.

300

ot

¥

Beethoven 9th Symphony 2nd
200

100

fen I &
[} -O- L ‘ * ‘F‘b

PRT o RC w.d-../ ta et e L

L BTt 2 VY 4 T,
N T T e ...,.r..‘......v.r “ v
i e Y q. N
AEALTAL A T LR S S L S .

“whL

800

600

400

Vivaldi Summer

2500

2000

1500 et

500

100 150 200 250 300

50

1200

1000 *-

200

200

400
T

A T ARY .
2-.-. -?-.nQ—ﬁqnw-ﬁ“..I- - \—.}?\.’-V X
1 ‘Qob_-n e b | 3 1 o
o o o o (=] o o o
(= (= (= Q (=] o Q
o= wn u A ) ™ N -
R
T T T T T St
[+ 0]
(=]
o
P~
)
c L - m
= B
| -
)
2. E
@) B
(Q\|
<
oo |
-~
>
5 o
> 1
@)
—
© .
I :
T
o
<
_.w _— &

1400
1200} <




0.03

D.025¢

D.02f

er

Pou

0.01F

0.005F

2 0.015}

Vivaldi Summer

50 100 150 200

Tchaikovsky 1812 Overtune

J.025

250

20 40 60 80

100 120

Mozart Violin Concerto No 3

.02

J.015}

001

J.005}

50 100 150 200

f
Beethoven 9th Symphony 2nd

250 300 350 400

u.uy

0.07f

0.06

0.05f

0.04

0.03f

.02

0.01

140 160 0

20 40 60 80 100 120 140



Altitude (km)
B 8 &8 8 8 & 8 B

120

110 F

100 ¢

-
o

o

3.2 Global circulation model
[Kim, Liu & Heseltine 2020]
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Mean and Standard deviation: zonal & meridional flows
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Information length and PDFs: meridional flows
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Information Length

Information length and PDFs: Temperature
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4. Conclusions
" Much scope for research on the L-H transition

= | imitation of mean value, standard deviation, Gaussian PDF

" |[nformation length: the number of statistically different
states that a system evolves through in time.

" |tis dimensionless and invariant under (time-independent)
change of variable.

" Useful to understand correlation in self-organising process.
= Applicability to different processes.
= Useful index to classify a growing number of data.
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