Dynamical slowing down
iIn nonequilibrium phase transitions
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In physics...
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“As the correlation length diverges, the regions of the
system, which represent fluctuations about the equilibrium
state, get larger and larger; correspondingly, they take
longer and longer to relax by whatever is the equilibration
mechanism (often diffusion).”
— Nigel Goldenfeld, Lectures on Phase Transitions and the
Renormalization Group
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Critical slowing down in equilibrium phase transition
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Critical slowing down in equilibrium phase transition
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Softening of collective mode

- Kohn anomaly in TbTes, Tcpw = 330K
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Maschek et al., PRB 91, 235146 (2015)
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Critical slowing down in equilibrium phase transition
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- First-order structural transition in Sn: Tg.5 = 260 K
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lizumi, Phys. B+C 136, 36 (1986)
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Equilibrium Nonequilibrium

Signatures of dynamical slowing down in the
ultrafast melting of a charge density wave

Slowing down in other nonequilibrium regimes



Photo-induced melting of CDW in LaTe,

/\_/\ e~ density TOS

9 Y209

9

P20V

U

P lattice

9 O 9 9 9 9 9 9 v

Diffraction intensity

Density of states

dcow

NIR
pump

photodiode

% time-of-flight

R detector
TR

‘M

2A

phosphor screen / CCD



Photo-induced melting of CDW in LaTe,
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Threshold excitation density
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Slowing down at the threshold
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Slowing down at the threshold
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Slowing down at the threshold
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Equilibrium Nonequilibrium

= Signatures of dynamical slowing down in the
ultrafast melting of a charge density wave

Slowing down in other nonequilibrium regimes



In living systems...

180 A

160 -

Light attenuation coefficient (m™)
=
o

Collapse

Microcosm 1

0 5 10 15 20 25 30

Time (days)

Scheffer et al., “Early-warning signals for critical transitions”,
Nature 461, 53 (2009)
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Veraart et al., Nature 481, 357 (2012)



A simpler interacting dynamical system

Huygens (1665): “an odd kind of sympathy”

Pantaleone, Am. J. Phys. 70, 992 (2002)
Yang et al., Eur. J. Phys. 39, 055004 (2018)



Phase diagram of metronome synchronization
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Pantaleone, Am. J. Phys. 70, 992 (2002)



Measuring the synchronization timescale

204

thm( c)

e B e e
BB e
B e
B B

O O

terval (s)
0.2 0.3

e (s)




A

Critical behavior near the phase boundary ié

* Time to synchronize the system diverges as a power law?
* The recovery time diverges after perturbing a single metronome in the synchronized state?
* Softening of a collective mode, if there is any?
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summary

Universality of slowing down near a phase transition —

even in the highly nonequilibrium and ultrafast regime

A similar framework of time-dependent Landau formalism

may help understand other aspects of photo-induced
phase transitions

For driven interacting dynamical systems, it may be

interesting to study a “simpler” mechanical analogue —
metronome synchronization
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