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Brief intro and why I am here

The reason is partially Paul, because he gave a 

fantastic colloquium in Madrid when I was a postdoc 

there, after which I immediately searched on Google 

for quasicrystals and wanted to know more!
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Quasicrystals

could end up in a

James Bond’s movie
are beautiful

exhibit a lot of 

interesting physics



crystal                            quasicrystal

Starting point

No periodic lattice, discrete translational symmetry is broken,

but long-range order is retained = aperiodic crystal



crystal                            aperiodic crystal

[My] initial question

low energy: acoustic phonons                  low energy = ????



Quick answer

Aperiodic crystals exhibit additional low-

energy degrees of freedom

Let us call it PHASON



Light-scattering experiments in BaMnF4

found evidence that phase fluctuations are purely diffusive

X-rays: i-AlPdMn Quasicrystal

[Francoual et al, PRL 2003]



Inelastic neutron-scattering experiments in biphenyl 

showed the existence of propagating phase fluctuations.



Dynamic structure factor:

High q: propagating

Low q: diffusive



A priori, the continuous description of quasicrystals

admits the same crossover but the wave-vector at which this 

happens is too large, hence very unlikely.

To my knowledge, nobody saw this in experiments [is there a deeper reason?]



One equation to bind them all

Heaviside (1876)

Telegraph equation

This equation emerges in 

many physical systems



Wave-vector gap

Real w emerges above a critical k 

Note: you need slightly higher k to 

become underdamped, 

roughly w~1/tau





Experimental observation in dusty plasmas

First experimental observation



Experimental observation of k-gap in
vibrated granular matter

Temperature is played by inverse packing fraction

[M.B., J. Zhang, Z. Zheng, C. Jiang, 
Communications Physics 2025]

Granular fluids



[Bai, Keim, MB, PRR 2025]

k-gap observed 

in colloidal

fluids

It vanishes at the glass transition
where static shear modulus

goes to 0 (Keim et al. PRL 2012) 

Colloidal fluids



Basic electrodynamics

photon in a medium with 

nonvanishing conductivity

Not commonly discussed 

because we usually take k 

complex and w real

phonon propagation in liquids    propagation of EM waves in conductors
[shear]



Breaking symmetries gently

Under the assumption 

of one non-hydro pole 

separated from the 

others and close to the 

origin

quasi-hydrodynamics

[Grozdanov, Lucas, Poovuttikul,

PRD 2019]



An example in the quantum world

[Sanchez-Martınez,Gouteraux, 

Flicker, ArXiv 2026]

Simplest example of 

quasi-hydrodynamics

(Galilean fluid with 

momentum relaxation, 

aka Drude model)



Universality and radius of convergence
Wigner-Seitz radius ``a``

radius of convergence

of linear hydrodynamic series

[MB, PRD (2021)]



Back to quasicrystals



Superspace approach

quasicrystal = periodic crystal in higher-dimensional space 

projection at irrational angle



Phason mode

Dynamics in the perpendicular direction 

give rise to the so-called phason mode

Free energy is invariant under a rigid shift along the transverse directions and 

therefore a gapless hydrodynamic mode will be associated with this process.

These displacements do not corresponds to infinitesimal shifts of the atomic 

positions. On the contrary, they correspond to atomic flips or atomic jumps.



Observation of phason jumps

Phason jumps observed in 

colloidal systems

Sometimes, dynamics more cooperative 

with 

carousel-like successive flipping events 



Glassy dynamics in quasicrystals

[Zhao, MB, Xu, Douglas, Wang, J. Chem. Phys. 162, 234503 (2025)]

Target: clarify the idea 

of “quasicrystals as 

intermediate phase 

between crystals 

and glasses”



Glassy dynamics in quasicrystals

Two-step structural relaxation Dynamical heterogeneities

Two typical glassy features



Signatures of phason dynamics?

Experiments: Phys. Rev. Lett. 80, 1014 (1998)Our simulations

Anomalous low-T diffusion:

phason assisted



Cooperative phason dynamics = strings?

At high temperature, string-like cooperative 

rearrangements in the form of loops or open strings

Cooperative phason flips?

Discussed before as carousel 

motion of phasons



An effective field theory approach

[MB, Landry, SciPost Phys. 9, 062 (2020)]

From a symmetry point of view, the diffusive nature of the 

phason at long wavelengths is due to the fact that the 

internal translations, or phason shifts, are symmetries of 

the system with no associated Noether currents.

The latter feature is compatible with the EFT description 

only because of the presence of dissipation (finite 

temperature) and the lack of periodic order. 

Diffusive phason does not come from a 

conserved charge or continuity equation



An effective field theory approach

For details (and other examples) see

= potential 

energy  barrier



Summary so far:

The phason is an

overdamped 

bosonic mode

Next: consequences



Glassy heat capacity

Phys. Rev. Lett. 114, 195502 (2015)

(1) Linear in T at low temperature, (2) anomalous peak deviation over Debye



• Linear in T from phason (not Sommerfeld)

• Bump from amplitude mode

Linear in T is a generic feature 

of overdamped modes

[MB, Zaccone, IJMP B, Vol. 35, No. 04, 2130002 (2021)]

[Jiang, Zaccone, Setty, MB, PRB 108, 054203 (2023)]

1987



Strange metal physics from overdamped bosons



Strange metal physics from phasons

Same dispersion



Experimental signatures

‘’We show that the experimental trends are 

compatible with scattering processes mediated by 

longitudinal phasons, which dominate the 

resistivity over the contribution from conventional 

acoustic phonons of the monolayer.’’



Similar results in chimney ladder crystals



Phason enhanced superconductivity?

``These properties may be attributed to the peculiar phonon spectrum of incommensurate 

host-guest structures, which exhibit additional quasi-acoustic sliding modes, suggesting a 

pathway toward strong coupling superconductivity with the potential for enhanced transition 

temperatures and high critical fields.’’

In Phys. Rev. B 108, 054203 (2023) we proposed a simple explanation using the 

Eliashberg formalism with the overdamped phason propagator



More signatures and consequences?

Example: 

enhancement of lattice

thermal conductivity



Aside comment [from chat with Latham, 1 hr ago]

Can we make a

spacetime

quasicrystal?



Outlook
• Quasicrystals should not exist by they do!

• Their dynamics are highly non-trivial with interesting 

intermediate behaviors and unexpected consequences

• Many aspects to explore…
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