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Transport phenomena in collective dynamics: from micro to social hydrodynamics
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Motivation X

- The midges and the swarm W

- The adaptive gravity model
Stable Swarming with Adaptivity

- Adaptivity as a self-stabilization mechanism

- Jeans Instability \

Conclusions
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8 The midges and the swarm “;: A e
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In the lab (Stanford U.)
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The midges and the swarm RS Rt S ,
—_ ® = A - ‘ - 3

The midges (Chironomidae)

;‘ « Non-biting midges
L)
A * Only male swarm (mating ritual)
N
5
X nature lab
% e How many ? 10—10* 1—-100 '
L * Where? stream edges Black felt “swarm markers” | ‘f\-
- b
- \:\
" * When? dawn and dusk Overhead light source —ON/OFF
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X The midges and the swarm “\ N

o

% In the Iab(StanfordU)- e ‘
é‘;

3 Trajectories of midges vs. time £
4 W
e Method: ﬂ.’;\:‘
X (& :
o - High-speed stereo- A\;
e imaging using three LIPS
N synchronized cameras E;’ﬁ"
& (100 fps) -

) - Automated motion
e tracking algorithm

| Measurement:

Kinematics —

r(t), v(t), a(t)
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8] The midges and the swarm RS ENEEERt .Y
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4™ + Long-range
Interaction (“force”)
&% « Swarm in the dark

* Not influenced by
§ chemical signals
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i The Adaptive Gravity Model MNa%

o

The only possible force:

Isotropic Harmonic Oscillator

Linear restoring force
— effective spring constant

Assumptions:

Long range interaction
Pairwise interaction
uniform density
spherical symmetry
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The Adaptive Gravity Model

The Model

 Acoustic attraction — Johnston’s organ

. : : 1

* Flight sound intensity decays as =
. 1

- Acceleration towards the source a~—

T YA BE “!'-l',".“‘l'/

e “Acoustic Gravity”
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Another feature (|n the Iab): k%
¥ ~ 1
S o\
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The linear force decreases for
larger swarms

What is missing ?
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The Adaptive Gravity Model B

o
s Adaptivity (as a part of the Fold Change Detection Mechanism)s
v A typical feature of sensory systems X

0 L=
response, effective force F.; |

Shoval et al.
2010

Two step inputs with
the same fold change

arr» LR’

Scalar symmetry BRI R LTI p- S (p > 0) the outputis the same

ey
Y covsicinout ) FF

o :

Y ERPX al Motsch & Tadmor 2011
Fert (P~ S11..P - Sii..) = Ferr (311...5ij..)
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Isotropic Harmo
with adaptivity
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Uniform density
& spherical symmetry
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Y The Adaptlve Gravity Model “ N

Adaptlve Grawty Ewdence
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Large swarms
Black — raw data are elongated

Red — Binned average along the vertical |
Blue — (-1) slope (spherical) /(-2) slope (cylindrical) axis
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Dependence of The Effective Force on The Density (Uniform) E

Increasing
Regular gravity ij 7 density density

” =TS A ¥

Stronger pull

S

29 & .

R W

Adaptive gravity _ _
1 ft = g density
r2 ' Marginal
A

At the center:

Adaptive forces 1] P Increasing
1 density

o (n>2)

¥

Weaker pull

2
At the center: F = 4+ 0(— n=3
eff (r) RS |n(R56p2) r+ (Rsz)
Cln-3 2
Feft (1) = — nL | r+ O(r—z) n>3

3Rs(p 3 R"3-1)
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Rs

e Balance: gravitational pull © random velocities

« p>p%..s = collapse (minimal density for collapse)

o If tesc > teol

Kapetime \ F = k7

(random

o Time for
velocities)
R collapse
S

tesc TS tcol— —7[
“2Jk

G 37v2
PJeans = 16R.2C
s




* Nocritical density p%.. |

o |f tesc > teol

Escape time F=—kr

(random Time for
velcoities) collapse

lesc = = teol= T
2Jk




{apetime \ F =—kr

(random

velcoities)
Rs

tesc - —

to
V2 col= 2\/? stability

Time for
collapse

B 2C
Rs In(Rs®p?)
Cln-3|
n>3 k= 3
3Rs(p 3 R"2 -1)
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Midge swarm dynamics is
dominated by long range
» acoustic interactions

&= * The interactions are adaptive - |
weaker when the background
intensity is higher.

* Adaptivity, for general power-
law interactions, stabilizes the
swarm against collapse

A prediction: A Selection of a

particular density for higher

power law interactions (n>2)
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Extended Virial Theorem

2T +W —¢pi-dS =0

Surface Pressure
— keeps the swarm together

Poisson-Boltzmann equation
w/ cut-off

— - — - —
& -
5 .o

R , Boundary closer to the center
- — — Stiffer effective spring
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