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A. Raman selection rules and Raman-active phonons

LagNipO7 at ambient pressure belongs to space group Amam with Dy, point group [1]. The
factor group symmetry analysis indicates that the Raman phonon modes at Brillouin zone (BZ)
center I' should be decomposed into 36 irreducible representations, I'rgman = 1044 + 1281, +
7Bay + 7B3,. We adopted the lattice parameters a = 5.450 A, b=5398 A, ¢ =20.561 A, and
the Wyckoff positions (Lal 4c, La2 8g, Ni 8g, O1 8e, 02 8e, O3 8g and O4 4c) [2]. The Raman
tensors R, (i =Ag, Big, Bog, Bsg) corresponding to the symmetry group are expressed in the zyz

coordinates as:

a 00 0do
Ag:ObO7Blg: d007

00 c 000
(1)

00e 000

Boyg=1000]|,Bsg=100 f

e 00 0fO0

The Raman scattering intensity can be deduced as:
I x |ei~Ru-es\2. (2)

where e; and eg are the unit polarization vectors of the incident and scattered light, respectively.
According to the polarization selection rules, the peaks appearing under (zz and z’z’) configura-
tions are Az modes, while the peaks appearing under (zy) polarization configuration should be
B1; modes. The electronic Raman response is analyzed within the Dy, point group, under which
the By, phonon modes of the Dy crystal symmetry appear in the Ba, channel. This convention
is adopted for consistency with the pseudo-tetragonal symmetry of the electronic structure.

To perform a quantitative analysis of the phonons, we utilize Voigt functions to fit these peaks,
which is a convolution of a Guassian and a Lorenz function. The temperature dependent phonon

linewidth is simulated with an anharmonic symmetric decay model [3],

[i(T)=Tip

2)i ph—ph
1+ ’h‘; L ] (3)
exp (—%BOT> —1

where A; pn_pn is the phonon-phonon coupling constant, and wy is the corresponding phonon fre-

quency at zero temperature.
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Figure S1. Temperature dependent volume of LazNi;O- . The data are adapted from Ref. [5].

The phonon energy shift depends on both the anharmonic decay and the thermal expansion.
With taking both into account, the temperature dependence of the phonon energy w;(7") can be

given by [4]:

T 2
1—‘.
wi(T) = wiyo + wi § exp [—3%/ OéV(T/)dT/} —-1- L0
0 V2w; 0

4AN; ph
1+ e ] (4)
Wi 0

exp <2kBT) —1
where ~; is the Griineisen parameter of the mode 7, and ay (T”) is the coefficient of volume thermal
expansion at temperature 7”. The volume thermal expansion of LagNisO7 are plotted in Fig. S1,
which adopt from Supplementary Materials of Ref. [5].

Figure S2 presents the Raman spectra and the corresponding fitting parameters for the A, and
B1, phonons as a function of temperature. Our analysis focuses on the prominent Raman-active

phonons, namely, the Ag), Ag) , and Bg)

modes. Asshown in Fig. S2 a and b, these phonon modes
are well described by the Voigt function. The extracted phonon frequencies and linewidths as a
function of temperature are plotted in Fig. S2 ¢ and d. The observed temperature dependence
can be explained well by thermal expansion within the framework of Griineisen theory and by
anharmonic decay, respectively (see green and red lines in Fig. S2 ¢ and d).

The absence of any observable phonon anomalies argues against the CDW order as the leading

instability in LagNisO7. Usually, a CDW transition is typically accompanied by periodic lattice
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Figure S2. Raman-active phonons in both the A, and B;, symmetries. a and b Raman response
at temperatures ranging from 50K to 300 K. The spectra other than the one at 50K are consecutively
offset by 0.19 cts s~! mW ! for clarify. The opened blue circles are experimental data. The red curves
are Voigt fits. ¢ and d The plots of phonon energies wpn and line widths (FWHM) of the three lines as
a function of temperature. The green lines in ¢ are derived from the volume expansion using Griineisen
theory. The phonon line widths are fitted using an anharmonic model (red lines in d). The zero temperature
phonon frequency w?, Griineisen parameter -;, zero-temperature linewidth 'Y, and phonon-phonon coupling

constant A; pp—pn are listed in Tab. 1.

Table I. Phonon parameters of LagNi;O7. The phonon frequencies w!, linewidths I'{, the phonon-
(3)

1g » and

phonon coupling parameters A; ,h—pn and the Griineisen constants 7; of the Raman-active Ag), B

Ag) phonons are obtained from the fittings.

Phonons w?(em™!) TY (em™1) Xiph—ph Vi
ALY 366.0 11.7 057 0.74
BY 5433 7.2 2.18 0.8
AP 5780 11.9 24 184

reconstruction [6, 7], leading to phonon anomalies at the transition temperature and the appearance
of multiple zone-folded phonon modes in the Raman spectra below the transition temperature [8—
10]. Moreover, the CDW amplitude mode, commonly observed in typical CDW materials such as
2H-NbSey [11], ErTes [12], and CsV3Sbs [10], is also not detected in LagNiyO7 .
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B. Extraction of pure A;; Raman response

To isolate the pure A;; Raman response, we performed polarization-resolved measurements
in multiple scattering geometries and utilized the symmetry decomposition based on the pseudo-
tetragonal Dy, point group. Specifically, the A;, component was extracted by combining spectra
from parallel polarizations [z2(A1s +Big) and 2’2’ (A1g +Bag)] and subtracting contributions from
cross polarizations [zy(Bag) and z'y’(Big)], assuming negligible mixing due to sample misalignment
or optical leakage.

The extraction procedure follows:
X1y () = X (Q) + Xrar () — X5y (2) — Xy (), (5)

where X;’J(Q) denotes the Raman response measured in the i-j polarization configuration. This
approach effectively removes the Bi, and By, components, isolating the A, contribution under

the assumption of ideal symmetry and linear superposition.
C. The temperature-dependent electronic Raman response in LazNi,O~

To study the evolution of the gap closing with increasing temperature, we present the temper-
ature dependence of Raman spectra and difference spectra [Ax”(Q, T) = x"(Q, T) — x"(£2, 160 K)]
in both the Bz and By symmetries, as shown in Fig. S3. The redistribution of the spectral weight
gradually decreases and completely disappears at approximately 150 K, indicating that the SDW

gap fully closes above this temperature.
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Figure S3. Electronic Raman spectra in B;, and By, symmetries. a and ¢ Temperature-dependent
Raman spectra in the Bi, and B, symmetries at selected temperatures. b and d, Corresponding difference
spectra using the 160 K spectrum as the reference for By, and By, symmetries, respectively. Red dashed

lines mark the zero-intensity baselines. All spectra are vertically offset for clarity.
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D. The fitting results of the electronic Raman response in LazNiy, O~

The Raman spectra in Bz and B, symmetries are fitted using phenomenological models com-
bining Drude and Tsuneto-Maki or Lorentz functions, respectively (see Fig. S4 and Fig. S5).
These models successfully capture the redistribution of spectral weight below the SDW transition
temperature near 150 K. The B, channel shows an asymmetric lineshape best described by the
Tsuneto-Maki function, indicating a weak-coupling SDW gap at the 5’ pocket, while the Bog chan-

nel exhibits a more symmetric response, fitted with a Lorentz profile consistent with a stronger

SDW gap at the 8 pocket.

4 4 4 4
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Figure S4. Fit of the electronic Raman spectra in B, symmetry. Raman spectra at various temper-
atures are fitted using a combined Drude and Tsuneto-Maki model, capturing both the broad background
and the asymmetric peak associated with the SDW gap. The experimental data are shown as red lines,

while the total fit is overlaid in blue.
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Figure S5. Fit of the electronic Raman spectra in B, symmetry. Raman spectra at various
temperatures are fitted using a combined Drude and Lorentz model, capturing both the broad background

and the nearly symmetric peak.
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E. Tight-binding band structure

The band structure presented in the main text is calculated using an 8-band tight-binding model

adopted from Ref. [13]. This model accounts for electron hopping within the two Ni-O layers, where

each layer contains two Ni atoms. Each Ni atom contributes two orbitals, namely d,2_,2 and d 2.
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The Hamitonioun can be described in the basis (d4* d4* dBt dBt @b d4b dBb aB%) as:

Hiu(k) 0  Hyk) (Huk) 0 0 Hs(k)
0 Hyp(k) Hu(k) Hu(k) 0 ¢ Hgs(k) 0
HL() i) Ho() 0 0 Hik) £ 0
Hu() HL0) 0 Hp() Hil) 0 0 n
t 0 0 Hi(k) Hiuk) 0 Hys(k) Ha(k)
0 t7 Hig(k) 0 0 Ha(k) His(k) Haa(k)
0 Hgk) & 0 Hiy(k) Hi(k) Hn(k) 0
M) 0 0 6 Hy00 Hu0) 0 Ha(

>

Il
—

D
S~—

with Hyq/90(k) = %% £ 2(th*/% cos kx + t9®/* cos ky ) + 4t5™/* cos kx cos ky, Hy3/94(k) = 2cos skx
(tl‘”/zei%ky + t'l‘”/ze_i%k‘/) and Hyy)13(k) = 2i sin%kx(tg/fzei%ky - tg/fze_i%ky), where kx and
ky are defined as kx = k; +ky and ky = —k; + k,. Here, A and B label the two Ni atoms
occupying in the same layer. t and b indicate the top and bottom layer, respectively. x and z stand

for the d,2_,2 and d2 orbitals. The band dispersion is given by diagonalizing the Hamitonioun as,

E, (k) = U, (k)HU? (k) (7)

where Uy, (k) is the normalized eigen vector.
Figure S6 shows the reproduced band structure as reported in Ref. [13]. Among these, Band
3 and Band 4 cross the Fermi level and form the hole pockets centered at the X; points and the

electron pockets centered at the I', X, Y, and M points, respectively (see Fig. S7).

E-E,(eV)

Figure S6. Band structure along high-symmetric paths calculated using a tight-binding model.
The band indices are labeled in the figure. Band 3 and band 4 cross the Fermi level.
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Figure S7. Band dispersion in 3D view. The bands are projected onto the Fermi-energy plane. The

resulting Fermi pockets are highlighted in panels ¢ and d.
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