Light Behaves Like a Gas — Even When It's Crowded
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Release a puff of gas in a room and it spreads until it settles — and you can predict the outcome from temperature and pressure alone, without tracking a single molecule. Light in a multimode fiber does much the same: power redistributes among the modes until it reaches a steady pattern that obeys the laws of thermodynamics, with its own temperature and pressure.
Until now that description held only for dim light, where the modes barely notice one another — the optical version of the ideal gas law. Turn the intensity up and it breaks down.
This paper repairs it, deriving how light settles when the modes push hard on each other. It is the optical counterpart of the step from the ideal gas law to the van der Waals equation, and it holds at the intensities real photonic devices actually run at.
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