Imaging the swarming transition
using light-controlled bacteria
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Transition to Swarming

In what condition do bacteria swarm?
How does the swarming state emerge?



Model system: E. coli suspensions

Wild-type Light-controlled Tumbler (passive) Bacterial swarming
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Walter et al., PNAS (2007)

Bright: fast

Three variables:
concentration: n; velocity: v;

swimmer fraction: f=N__ /N .

o1 100 pm

E. coli concentrations: 1n,-100n,
n0=8X1O8 cells/mL

Sample thickness: 170£10 um
Focal plane: in the middle.



Order parameter and energy

Flow order field

)

Coherent bond: n:n > 0.9. n. is the unit vector of flow velocity in region i
Swarming region: all bonds are coherent
Order parameter: area fraction of swarming region

Flow energy: sum of velocity square in the flow field 3
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Two-body hydrodynamic interaction is

sufficient to predict the transition point.



Trigger swarming by light

Increase light intensity at t
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Kinetics: order and energy
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transient state: high order, low energy
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Energy spectrum evolution
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 Phase diagram withn, v, f  Two kinetic pathways
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