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1 Melting with Volume Reduction and Charge Relaxation
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Supplementary Figure 1 | Melting of 2D Crystal with Volume Expansion and Charge Removal. a—c) Classical melting of 2D crystal with volume
expansion. Topological defects occupy increased volume, driving an increased average lattice spacing. CDW amplitude collapses near topological sites.
In the discrete charge crystal representation, amplitude collapse is modeled as the removal of charge centers. At constant temperature and pressure,
reducing particle count accommodates a volume reduction (c—e). The volume of melted state (e) is equal to that of the ordered state (a), and there is a
23% site reduction. The reduction in particle count at a fixed volume increases the average lattice spacing.
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2 Extended Meta-Analysis on CDW Melting
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Supplementary Figure 2 | Melting of 2D CDWs. Wavevector contraction is present in layered tellurides' a), 2D metals®® b,c), and other anisotropic,
layered materials*® d—f). The 2D CDW in NbSe; and 3D (quasi-2D) CDW in CuV,S, also report wavevector contraction”8. Onset of the CDW is
sometimes reported (b, ¢), hence the initial increase in integrated intensity. b) Surprisingly, the width of the superlattice peak actually decreases. f)
Falkowski et al. reports differences in measured wavevector for the positive +q (left, blue) and negative -q (right, gold). Fitted lines are guides to the eye,
where line width and color intensity is proportional to CDW peak width and integrated intensity respectively (if reported).
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3 Extended Meta-Analysis on CDW Melting in Manganites
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Supplementary Figure 3 | Melting of 2D CDWs in Manganites. a-f) CDW melting in manganites from®-'1. All reported manganite systems melt with
a wavevector contraction and, when provided, azimuthal blurring of the peaks. Fitted lines are guides to the eye, where line width and color intensity is
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proportional to CDW peak width and integrated intensity respectively (if reported).
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4 Extended Meta-Analysis on 1D CDW Melting
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Supplementary Figure 4 | Melting of 1D CDWs. a—c) Wavevector contraction is oberved in 1D CDW systems TazNiSe7, SmNiIC», and U>Ti'2~4. The
1D CDW wavevctor in ternary rare-earth metal silicides RsIr4Si; 0 contract with R=Er'5 (d) and expand with R=Ho'® (e). Wavevector expansion is reported
in the 1D CDW in NbSe3'7 (f) and blue bronzes'®!® g-h). Regardless of wavevector evolution direction, the peak width increases and the integrated
intesnity decreases. Fitted lines are guides to the eye, where line width and color intensity is proportional to CDW peak width and integrated intensity
respectively (if reported).
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5 Wavevector Contraction in Reduced Directions
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Supplementary Figure 5 | Fluctuation Effects on Wavevector in Reduced Dimensions. Reciprocal space potential landscape and wavevector be-
havior in (a) 1-, (b) 2-, and (c) 3- dimensions. The principal wavevector qg sits at the minimum in the free energy. In 1D, fluctuations of the phase,
u(r), induce no preference for the evolution of the wavevector. Higher dimensionalities introduce convexity in the potential landscape. Fluctuations of the
phase, u(r) in 2D (3D) about the minimum create oscillations along a ring (sphere) of radius qg. Discrete rotational symmetry prevents q from rotating.
Rather, the wavector smears azimuthally and contracts.
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6 Liquid Crystal Melting and Continuous Rotational Symmetry
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Supplementary Figure 6 | Melting of density wave in continuous and discrete rotational potentials. Potential landscape with continuous (a) and
discrete (f) rotational symmetry. d, e) Melting of liquid crystals (left) and CDWs (right) couple disorder in wavefront to wavelength. Ordered (b) and
disordered (c) liquid crystal in k-space. The liquid crystal is free to rotate along the energy minima, and the peak in k-space splits. g, h) There is a high

energy cost for the CDW to rotate so the peak moves in and smears instead.
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7 CDW Melting Observed in the Atomic Lattice
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Supplementary Figure 7| Melting of CDW in an Atomic Lattice. Tantalum nuclei (black spots, left) positions modulated by a progressively melted CDW
(CDW peaks as white spots, right). Scale bar is 5nm. The charge lattice, too, becomes progressively disordered. The atomic lattice remains ordered but
disorder manifests in the associated periodic lattice distortions. Here, the periodic lattice distortion effect is exaggerated for visual clarity. Comparison of
2D 1T-TaS, diffraction pattern (a, ¢) with simulated atomic lattice (b, d) at low and high temperatures. The q-vector points from the Bragg peak to the
CDW superlattice peaks. The superlattice peaks are anisotropically distributed around each Bragg peak. Averaging the six first order Bragg peaks and
surrounding superlattice peaks removes the anisotropy and serves as a direct probe of the CDW (f, h). Simulated diffraction of the CDW peaks matches

experimental CDW melting.
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8 Free Energy of a Unidirectional CDW with 6-Fold Rotational Symmetry

For a two-dimensional system with discrete 6-fold rotational symmetry system which orders along one dimension at |q| = ¢o, the
free energy can be given by?’:

o= fK/dQ ~203 [Vm(r))* + [V*m(r)]*} +W/d2r{[(8§; ~30,0%) m(r)]”} (1)

where m(r) = Re{t(r)} is the real part of the system’s order parameter ¢ (r) = A(r)exp[ig(z + u(r))]. qu(r) are fluctuations of the
phase. Fluctuations in the amplitude will be neglected (A(r) = A) as we are focusing on fluctuating displacements of the wavefront
(u(r)) which are prevalent in 2D CDW melting. Notably, we modify the free energy by including a sixth-order term in m:

(92 — 30,02) m(r). 2)
This term encodes the six-fold rotational symmetry of our system, creating an energy landscape in Fourier space as ¢% cos(66) (Fig.

4f).

Expanding the terms in the first integral individually we find that

—2q3 [Vm(r)]* = —A? {ng2 [(0pu)® + (0:u)?] + §d® + 2454°0- u} 3)
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2q + 1q (Bpu)* + ¢* (0.u)° + ¢* (Ou)? + 2¢* (D) + 2¢* (8u)* + 2¢*0.u (Oyu)?

- 5q2 (02u)” + 5q2 (82u)” + %q4 (0:0)" + 2¢* (9:0)° + ¢* (Bpu)” (B2u)” + +¢% (92u) (9%u) } @)

Note here that we have averaged over one period such that cos?(gz + qu(r)) and sin®(gz + qu(r)) average to 1 and cos(qz +

qu(r)) sin(gz + qu(r)) average to zero. Further, all underlined terms are those which are kept in the expansion as we neglect higher-
order terms such as (9,u)*, (0.u)3, (0%u)? and (9,u)?(0,u)? since these do not affect the long-range behavior of our system?*2!.
Grouping these remaining terms together we have:

1= KA [ {q4 B—H + 24" [(0.0) — 47263 (9-)] + " [(0s)® + (D-)* — 4763 (D)° + (0]
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Assuming the wavevector ¢ will shift negligibly, we can set ¢ = qo:
e a [ o 2, 2 2 2 1 4
H= §KA qp | d°r< Co (Ozu)” + 202 (8 ) +2(0u)” + 20,u (Oyu)” + 3 (Ozu)” 5. (6)
a

Note we have dropped the constant term —%qé in H since it does not affect any conclusions on the behavior of our system. We will
now determine the factor Cj. To start, we expand (82 - 38:685) m(r), neglecting any terms of order O(u?) and higher. This leaves
us with

(03 — 30,02) m(r) = A*{18¢}(9.0:u)® + gqg(axuf + %qg(af;uf + gqg(axafu)? — 9g5 (Daw) (0 02u)
+34(0,u)(07u) — 3(0:07u) () } + O(u?). ™

Further, we will only keep the lowest order term, (8xu)2 (underlined), since this is the term of interest and all other terms are of higher
order:

(92 — 30,02) m(r) = AQSqS(ﬁmu)Q + higher order terms (8)

This term represents a correction to the (9,u)? term induced by the six-fold symmetry of our system. With this correction we have for
C()Z
1 (K K 9 9
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We note that, aside from (0, u), other coefficients of the terms in the expansion will also have similar corrections. We neglect these
corrections as they do not cause the system’s behavior to deviate from that of the system with continuous rotational symmetry. With
these corrections we return to the final expression from the main text:

1
7KA2 /d2 {Co (Ozu) 2 2(8 u)? 4 2(0,u)? 4 20,u(0,u)? + 5[(8wu)2]2 + higher order terms} (10)
90
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