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Supplementary Note 1: General features of n(k)

The momentum distribution function n(k) is a central quantity in the present work. Here

we recall its general feature. In a noninteracting electron system (Supplementary Fig. 1a),

n(k) = 1 in k < kF , 0.5 at k = kF , and 0 in k < kF (Ref. 1); here kF is Fermi momentum.

In a Fermi liquid (Supplementary Fig. 1b), n(k) is similar to the noninteracting case, but

the magnitude of a jump of n(k) at k = kF is reduced to ZF < 1. Still n(kF ) is expected

around 0.5; it is not necessarily to be exactly 0.5. In a non-Fermi liquid state (Supplementary

Fig. 1c) such as a Tomonaga-Luttinger liquid well established in a one-dimensional system,

n(k) exhibits power-law behavior around kF and there is no jump at kF . A value of n(kF ) is

usually around 0.5. In the limit of strong correlations where double occupancy of electrons is

forbidden (Supplementary Fig. 1d), a general insight can be obtained. Suppose hole carriers

are introduced into the half-filled antiferromagnetic Mott insulator. When the carrier density

is δ, we obtain the sum rule2

∫ ∞

−∞
A(k, ω)dω =

1

2
(1 + δ) . (1)

Hence it follows that for any k point

n(k) =

∫ ∞

−∞
A(k, ω)f(ω)dω ≤ 1

2
(1 + δ) . (2)

Supplementary Eqs. (1) and (2) are exact relations. At δ = 0 where one electron resides at

each site, the electron density is given by 2
N

∑
k n(k) = 1, where N is the total number of

lattice sites and the factor of 2 counts the spin degrees of freedom. Supplementary Eq. (2)

then implies n(k) = 0.5 independent of k at δ = 0. When carriers are doped and the system

becomes metallic, we have the FS. We then expect n(k) > n(kF ) and n(k) < n(kF ) for k

inside and outside the FS, respectively, and n(kF ) ∼ 0.5 on the FS, as indeed found in a

variational Monte Carlo study in the t-J model3,4.

Supplementary Note 2: Formalism of momentum distribution function

It is insightful to see how the momentum distribution function looks in the simplest case

for a realistic layered system of La-based cuprates where the unit cell contains two different

layers and each layer shifts by [1
2
, 1
2
, 1
2
] (Ref. 5). We denote each layer by the A and B plane
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Supplemenatary Fig. 1. Sketches of the momentum distribution function at zero temperature in

typical cases: (a) non-interaction system, (b) Fermi liquid system, (c) non-Fermi liquid system

such as a Tomonaga-Luttinger liquid, and (d) the limit of the strong correlation. It is not clear

whether n(k) exhibits a jump or a smooth evolution around the Fermi momentum kF in (d).

as shown in Fig. 3a and we consider the following minimal one-body Hamiltonian:

H̃ =
∑
kσ

(
cA†
kσ cB†

kσ

) ξAk ϵk

ϵk ξBk

 cAkσ

cBkσ

 . (3)

Here cA†
kσ(c

A
kσ) is the creation (annihilation) operator of electrons with momentum k and

spin σ in the A plane, ξAk the in-plane dispersion, and ϵk the c-axis dispersion. Similarly the

corresponding quantities are defined for the B plane. This one-body Hamiltonian can be

regarded as an effective Hamiltonian and may be obtained after a mean-field approximation

to an interacting electron system. It is straightforward to compute the eigenenergies of the

Hamiltonian:

λ±(k) =
ξAk + ξBk

2
±

√(
ξAk − ξBk

2

)2

+ ϵ2k . (4)

We normalize the momentum distribution function n(k) in a way that its maximal value

is unity:

n(k) =
1

4

∑
σ

(⟨
cA†
kσc

A
kσ

⟩
+
⟨
cB†
kσc

B
kσ

⟩)
. (5)

Using the Fermi distribution function f(λ) = 1/(eλ/T + 1), where T is temperature, the
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right-hand side of the above equation is easily computed as

n(k)=
1

2

∫ ∞

−∞
dω (A+(k, ω) + A−(k, ω)) f(ω) , (6)

=
1

2

(
1− 1

2
tanh

λ+(k)

2T
− 1

2
tanh

λ−(k)

2T

)
. (7)

Here we have introduced the spectral function A±(k, ω) for a later convenience, which is

given by A±(k, ω) = δ(ω − λ±(k)) in the present case. When ξk = ξAk = ξBk and ϵk = 0, the

above expression is reduced to the well-known Fermi distribution function

n(k) =
1

2

(
1− tanh

ξk
2T

)
. (8)

Since the CuO2 plane forms a square lattice and we will allow xy anisotropy of the band

dispersion, we parameterize the in-plane dispersion as

ξAk = −2
(
t̃x cos kx + t̃y cos ky

)
− 4t̃

′
cos kx cos ky − 2

(
t̃
′′

x cos 2kx + t̃
′′

y cos 2ky

)
− µ (9)

where t̃x = t̃(1+ 1
2
α), t̃y = t̃(1− 1

2
α), t̃

′′
x = t̃

′′
(1+ 1

2
α′′), t̃

′′
y = t̃

′′
(1− 1

2
α′′), and µ is the chemical

potential. Because of possible coupling to the Z-point phonons6, the in-plane dispersion in

the adjacent plane may have the opposite anisotropy, namely

ξBk = −2
(
t̃y cos kx + t̃x cos ky

)
− 4t̃

′
cos kx cos ky − 2

(
t̃
′′

y cos 2kx + t̃
′′

x cos 2ky

)
− µ . (10)

The A and B planes are shifted by [1
2
, 1
2
, 1
2
] with each other. The c-axis dispersion may be

parameterized by

ϵk = −8t̃z cos
kx
2
cos

ky
2
cos

kz
2
. (11)

The angle-resolved photoemission spectroscopy (ARPES) study7 suggests a different form

ϵk = −2t̃z cos
kx
2
cos

ky
2
cos

kz
2

[
(cos kx − cos ky)

2 + c0
]
, (12)

with c0 = 0. This functional form shall also be considered.

We first take α = α′′ = 0 and t̃z = 0 and fit the FS to the ARPES data at x = 0.07

(Ref. 8) under the condition t̃
′′
= −t̃

′
/2 (Ref. 9), which yields the following values:

t̃
′
= −0.15t̃, t̃

′′
= 0.075t̃ for x = 0.07 . (13)

At x = 0.22, t̃z is estimated around 0.07t̃ in the analysis of the ARPES data at 12 K (Ref. 7).

The coherency along the z direction is best achieved in the superconducting state and likely
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becomes worse with increasing temperature. In fact, the c-axis resistivity is non-metallic

in the state above Tc (Ref. 10). Hence in our measurements at 300 K and 150 K a value

of t̃z may be smaller than t̃z = 0.07t̃. In addition, because of the strong correlation effect

specific to cuprate superconductors, the effective value of t̃z is proportional to the carrier

density as indeed the case of the t-J model11. This effect also works to suppress a value of

t̃z at x = 0.08. Given a likely small value of t̃z (see the Supplementary Note 10 for possible

values of t̃z), it turns out that our conclusions obtained in the present work do not depend

on a precise choice of t̃z nor on a choice of the c-axis dispersions [Supplementary Eqs. (11)

and (12)]. Hence to keep our presentation as simple as possible, we took t̃z = 0 to compute

the FSs in Figs. 4 and 6.

We measure all quantities with the dimension of energy in units of t̃. Our parameters α

and α′′ determine a band anisotropy and we assume α = α′′ for simplicity. The chemical

potential µ is determined to reproduce the doping rate. n(k) depends on not only in-plane

momentum but also out-of-plane momentum. Since our Compton scattering data integrate

kz dependence, we consider

n(kx, ky) =
1

Nz

∑
kz

n(k) (14)

where Nz is a half of the number of the layers, namely the number of the unit cell along the

z direction. We took Nz = 48, which is sufficiently large. To keep the same notation as the

main text we write n(kx, ky) as n(k) below.

Supplementary Note 3: Fermi surfaces

The FS is obtained by solving λ±(k) = 0 in Supplementary Eq. (4) and always fulfills

Luttinger’s theorem. Since the unit cell contains two layers, we generally obtain two FSs for

each kz. In principle, the FS depends on temperature via the chemical potential µ. However,

such an effect is negligible in a temperature range that we are interested in. Rather, as we

discussed in Fig. 6a, the sizable temperature dependence is expected for the parameter

α introduced in the band dispersions [see Supplementary Eqs. (9) and (10)] due to the

underlying nematic correlations.

Supplementary Note 4: Thermal broadening effect

To see the thermal broadening effect on n(k), we compute n(k) for α = 0 and t̃z = 0.
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Supplemenatary Fig. 2. Momentum distribution function n(k) of the Hamiltonian (3) at T = 0.1

(a) and 0.2 (b). The band parameters are chosen to reproduce the Fermi surface reported in

the angle-resolved photoemission spectroscopy measurements (white circles)8; see Supplementary

Eq. (13).

Supplementary Fig. 2 shows the results in the first quadrant of the Brillouin zone at T = 0.1

and 0.2, which may be associated with the data at 150 K and 300 K, respectively. We

superpose the FS reported by ARPES (Ref. 8) on Supplementary Fig. 2. Since electron

correlation effects are considered only via the effective one-body Hamiltonian in the present

calculations [see Supplementary Eq. (3)], n(k) shows a sharp drop at the Fermi momentum

kF . With increasing T , n(k) is broadened around kF , but we see no signature that n(kF )

starts to depend on kF by thermal broadening.

It is apparent that as long as we stick to the conventional FS, the map of n(k) shown in

Supplementary Fig. 2 is hard to be reconciled with our data (Fig. 2a, b). In fact, a compar-

ison with Fig. 2 implies a possible internal structure in the yellow region in Supplementary

Fig. 2. Our idea of the nematicity actually produces an inner FS as we discussed in Fig. 3.

Supplementary Note 5: Possible cure of the conventional Fermi surface

It is difficult to reconcile the conventional FS reported by ARPES (Ref. 8) with our data

(Fig. 2) as we discussed in Results section as well as Supplementary Note 4. A possible

cure of this conventional idea may be to introduce a temperature dependence of the band

parameter t̃
′
under the condition t̃

′′
= −t̃

′
/2 (Ref. 9). We would then assume around

t̃
′
= −0.08 at 300 K and t̃

′
= −0.24 at 150 K so that n(kF ) has a weak kF dependence

(Supplementary Fig. 3a, b), although the agreement with the map of |∇n(k)| is not so

satisfactory in the sense that the curvature around k = (0.45π, 0.45π) is different at 300 K
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Supplemenatary Fig. 3. Fit to our data (Fig. 1) in terms of a conventional Fermi surface, namely

without nematicity (α = 0) at 300 K (a) and 150 K (b). The band parameter t̃
′
is taken as

t̃
′
= −0.08 and −0.24 at 300 K and 150 K, respectively. (c) and (d) the corresponding maps of a

derivative of the momentum distribution function n(k).

(Supplementary Fig. 3c) and the conventional FS is away from the peak position of |∇n(k)|

at (0.3π, π) and (π, 0.3π) at 150 K (Supplementary Fig. 3d). In addition, the FS seems to

deviate sufficiently from the strongest peak of |∇n(k)| around k = (0.45π, 0.45π) at 150 K in

Supplementary Fig. 3d. Recalling that ARPES data8 was taken at 20 K and the reported FS

is well fitted with t̃
′
= −0.15 there when we stick to the conventional FS [see Supplementary

Eq. (13)], we would need to assume a strong and non-monotonous temperature dependence

of t̃
′
between 300 K and 20 K, which does not seem realistic.

Supplementary Note 6: Time averaging effect of FS fluctuations

We consider a coupling to the Z-point phonon mode6. In this case, the anisotropy of the

FS is expected to be fluctuating in time with the same scale as the phonon, which is less

than 5 meV. On the other hand, Compton scattering is a high-energy probe and observes

a snapshot of the fluctuating FS at each time. The resulting signal is time-averaged. We

7



'uLd0.08t0.07z0a0.36res' using 1:2:3

 0

 0.2

 0.4

 0.6

 0.8

 1

0 πkx

ky

π
α=α(t)

Supplemenatary Fig. 4. Time-averaged momentum distribution function n̄(k) for αmax = 0.36

[Supplementary Eqs. (15) and (16)] at temperature T = 0.07 and interlayer hopping t̃z = 0. The

Fermi surface for α = αmax is superposed (circles).

model the time-dependent anisotropy of the FS as

α(t) = αmax cos(ωZt+ ϕ) (15)

where ωZ is the frequency of the Z-point phonons, t time, and ϕ a phase. We may write

the momentum distribution function n(k) as n(k, α(t)). The time-averaged momentum

distribution function n̄(k) is then given as

n̄(k) =
1

TZ

∫ TZ

0

n(k, α(t))dt , (16)

where TZ = 2π/ωZ is the periodicity in time. n̄(k) for αmax = 0.36 is shown in Supplementary

Fig. 4. While n̄(k) exhibits a broadened feature, it is well characterized by the FS with

α = αmax.

Supplementary Note 7: Phenomenological study of a pseudogap effect

Here we present a full description of a phenomenological study of a pseudogap effect on

n(k) in terms of a quasiparticle damping; the essential part is already given in the main

text.

As a minimal model, we replace the spectral function in Supplementary Eq. (6) as

A±(k, ω) =
1

π

Γk

(ω − λ±(k))2 + Γ2
k

, (17)

where Γk represents a damping of quasiparticles. Since the pseudogap effect is most pro-

nounced around k = (π, 0) and (0, π) (Ref. 12), we assume the following k dependence:

Γk = Γ0(cos kx − cos ky)
2 + T 2 . (18)
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Supplemenatary Fig. 5. Momentum distribution function n(k) of the Hamiltonian (3) for nematic-

ity α = 0.36 at temperature T = 0.07 and doping δ = 0.08. Strength of quasiparticle damping is

parameterized by Γ0 in Supplementary Eq. (18).

The second term is a regular contribution and relevant only around the nodal direction

where the first term vanishes. We compute n(k) under the condition of charge conservation,

namely n = 1
N

∑
kσ n(k) = 1 − δ, where N is the total number of the lattice cites. We

neglect the effect of c-axis dispersion, which is irrelevant to the present analysis,

In Supplementary Fig. 5 we plot n(k) along the symmetry axis for several choices of Γ0 at

T = 0.07. n(k) shows rapid changes at k = (0.8π, 0), (π, 0.27π), and (0.45π, 0, 45π), which

correspond to the Fermi momenta for α = 0.36. The sharp feature around (0.45π, 0, 45π)

stays even with increasing Γ0, because the d-wave form factor in Supplementary Eq. (18)

vanishes. On the other hand, n(k) is broadened with Γ0 around (0.8π, 0) and (π, 0.27π) and

the broadening is more pronounced around (0.8π, 0). This asymmetry originates from the

typical band structure of cuprates. The quasiparticle dispersions [Supplementary Eq. (4)]

are given by ξAk [Supplementary Eq. (9)] and ξBk [Supplementary Eq. (10)] when we neglect

the c-axis dispersion. ξAk crosses the FS around k = (0.8π, 0), whereas ξBk does around

k = (π, 0.27π). The velocity of ξAk at k = (kx, 0) is given by

vA
k =

(
2(t̃x + 2t̃

′
+ 4t̃

′′

x cos kx) sin kx, 0
)
, (19)

and that of ξBk along k = (π, ky) is

vB
k =

(
0, 2(t̃x − 2t̃

′
+ 4t̃

′′

x cos ky) sin ky

)
. (20)

We obtain |vA
k | = 0.69 at k = (0.8π, 0) and |vB

k | = 2.57 at k = (π, 0.27π) for the present

parameters. This big difference comes from the presence of t̃
′
and t̃

′′
. Since the quasiparticle
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Supplemenatary Fig. 6. Momentum distribution function n(k) of the Hamiltonian (3) without

nematicity (α = 0) at temperature T = 0.07 and doping δ = 0.08. Strength of quasiparticle

damping is parameterized by Γ0 in Supplementary Eq. (18).

damping Γk gives rise to the broadening of momentum as ∆k = ∆E ∆k
∆E

∼ 2Γk/vk, the

momentum distribution function n(k) becomes much broader around k = (0.8π, 0) than

(π, 0.27π). In addition, compared with the result for Γ0 = 0, this broadening gives rise to

an increase of the occupation around k = (π, 0), although the damping Γk is biggest there.

This unexpected feature comes from the presence of two Fermi momenta around k = (π, 0),

typical to the nematic scenario (Fig. 3).

Since the pseudogap forms below 200 K and its maximal energy scale is around 40 meV

(Ref. 13), we may associate the results for Γ0 ≈ 0.05 − 0.1(≈ 0 − 0.01) to our data at

150 K (300 K), considering t̃ ∼ 100 meV. This phenomenological analysis explains i) n(k)

is broadened around k = (0.8π, 0) substantially more than around k = (π, 0.27π) at 150 K

as observed in Fig. 4b, d, ii) the resulting signal is enhanced around k = (π, 0) and (0, π)

compared with the data at 300 K (see Fig. 1c), and iii) the region around k = (0.45π, 0.45π)

stays essentially the same at both 300 K and 150 K (see Fig. 4c, d).

In the present simple analysis, we have introduced the damping of the Lorentzian form

[Supplementary Eq. (17)] into the effective Hamiltonian (3). Hence the maximum and

minimum values of n(k) become 1 and 0, respectively. Physically, however, in cuprates we

would expect the maximum value of n(k) is around (1 + δ)/2 [see Supplementary Eq. (2)]

and the minimum value is well above zero as seen in variational Monte Carlo study in the

t-J model4. In addition, the position of our FS for a finite Γ0 around k = (0.8π, 0) slightly

shifts to a smaller momentum in Supplementary Fig. 5, because of the shift of the chemical
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potential due to the presence of Γk. Although this shift comes from the charge conservation

and is a similar mechanism of the shift of the chemical potential with temperature, our

obtained shift might be an artifact of the simplicity of the present analysis, which neglects

incoherent contributions to the spectral function A±(k, ω) [see Supplementary Eq. (17)]. In

this sense, the present analysis should be regarded as a demonstration of the asymmetry

of the broadening in n(k) around k = (π, 0) and of the enhancement of n(k) there. These

come from the underlying band structure near the Fermi energy and thus are expected to

be robust features. While we have introduced the damping of quasiparticles Γk to capture

the pseudogap phenomenology, a result similar to Supplementary Fig. 5 is also obtained by

invoking a gap in the electronic dispersion when its energy scale is comparable to our Γk.

We also present in Supplementary Fig. 6 the corresponding results for α = 0, namely for

the conventional FS reported by ARPES (Ref. 8). n(k) crosses the FS at k = (π, 0.14π)

and (0.43π, 0.43π). The broadening due to the damping of quasiparticles is visible around

k = (π, 0) and is pronounced along the (0, 0)-(π, 0) direction more than the (π, 0)-(π, π)

direction, because the velocity along the (0, 0)-(π, 0) direction is smaller as we have explained

in Supplementary Eqs. (19) and (20). Since k = (π, 0) is located inside the FS, n(k) is

suppressed there due to the damping of quasiparticles, in sharp contrast to the case in

Supplementary Fig. 5.

Supplementary Note 8: Degree of nematicity

As seen in Supplementary Eqs. (9) and (10), nematicity is parameterized by α in our

formalism. We have taken α = 0.36 in Fig. 4 to be consistent with our data. The degree of

the nematicity, however, cannot be determined uniquely from the present data because of a

rather broad feature of n(k) and its derivative. In fact, an equally good fit is obtained in

0.32 ≲ α ≲ 0.40 at 300 K as shown in Supplementary Fig. 7. The situation is also the same

at 150 K and we may invoke a value of α at least in 0.30 < α < 0.44, as was demonstrated

in Fig. 6b, c. The corresponding data of |∇n(k)| is shown in Supplementary Fig. 8a, b.

Supplementary Note 9: Effect of kz dispersion

In the actual Compton scattering measurements, the spectrum is integrated along the

kz direction [Supplementary Eq. (14)]. It is therefore insightful to clarify the effect of the
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Supplemenatary Fig. 7. Interpretation of the observed momentum distribution function n(k) at

300 K with a different degree of nematicity: α = 0.32 (a) and 0.40 (b). c and d The corresponding

data of the derivative of n(k).
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π0 kx

ky

π
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Supplemenatary Fig. 8. Interpretation of the observed maps of the derivative of momentum dis-

tribution function n(k) at 150 K with a different degree of nematicity: α = 0.44 (a) and 0.30 (b).

The corresponding maps of n(k) were shown in Fig. 6b, c.

kz integration. Supplementary Fig. 9 compares n(k) for kz = 0 with that after integration

with respect to kz; the FSs for kz = 0 are also superposed there. It is clear that the effect

of kz integration is very weak and n(k) in Supplementary Fig. 9a is well captured in terms

of the FSs for kz = 0 even if we take t̃z larger than the realistic value.
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Supplemenatary Fig. 9. Momentum distribution function n(k) of the Hamiltonian (3) for nematic-

ity α = 0.36 and interlayer hopping t̃z = 0.1 at temperature T = 0.05 and doping δ = 0.08: (a) kz

dependence is integrated [see Supplementary Eq. (14)] and (b) kz = 0 is taken. The Fermi surfaces

obtained for kz = 0 are superposed on both figures.

Supplementary Note 10: Magnitude of c-axis dispersion

As discussed in the Supplementary Note 2, the actual value of t̃z is not known for LSCO

with x = 0.08. As long as t̃z is sufficiently small, a difference between the c-axis dispersions

[Supplementary Eqs. (11) and (12)] is minor. On the basis of a comparison between our

proposed FS (Fig. 3) and the observed momentum distribution function presented in the

main text, we may estimate t̃z ≲ 0.01 at 300 K. On the other hand, at 150 K it is possible

to invoke a relatively large value such as t̃z ≈ 0.05 for the c-axis dispersion Supplementary

Eq. (11). The resulting FSs for kz = 0 are superposed on Supplementary Fig. 10. Compared

with Fig. 4b, d, where we took t̃z = 0, the major difference appears around k = (0.45π, 0.45π)

150K

kx

ky

π

π0

150K

kx

ky

π

π0

t z
~
=0.05

α=0.36

t z
~
=0.05

α=0.36

a b

Supplemenatary Fig. 10. Interpretation of the observed maps of the momentum distribution func-

tion n(k) (a) and its derivative |∇n(k)| (b) at 150 K in terms of the Fermi surfaces with nematicity

α = 0.36 and kz = 0 for t̃z = 0.05 in Supplementary Eq. (11); the corresponding Fermi surface for

t̃z = 0 is shown in Fig. 4b, d.
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due to the sizable interlayer coupling. Still the outer FS almost perfectly agrees with our

data and in addition, the kF dependence of n(kF ) is also weak entirely along the inner FS.

We can conclude that the FSs with t̃z = 0.05 are also consistent with our data. While the

c-axis dispersion Supplementary Eq. (12) with c0 = 0 vanishes around k = (0.45π, 0.45π)

because of the factor of (cos kx − cos ky)
2, a split between the outer and inner FSs there is

easily obtained by considering disorder effects which disrupt the symmetry of the bonding

orbital14. In this case, one may invoke a finite value of c0 in Supplementary Eq. (12).

Supplementary Note 11: Compton scattering for x = 0.15 and 0.30

We have focused on the doping rate x = 0.08 so far and showed that the FS can be strongly

deformed by the underlying nematicity, but the bulk FSs recover the fourfold symmetry.

It is natural to ask how the FS deformation evolves with increasing doping. At a fixed

temperature, nematic correlations are expected to be less pronounced with increasing doping

and eventually a conventional FS suggested by ARPES may be realized in heavily overdoped

LSCO such as x = 0.30. This tendency also collaborates on the Z-point phonon mode, which

is present in x ≤ 0.21 (Refs. 6 and 15).

In this Note 11, we shall present data that the nematicity indeed becomes smaller at

x = 0.15 and almost vanishes at x = 0.30 by performing additional Compton scattering

measurements. To make a consistent comparison with the data at x = 0.08, we choose a

temperature 300 K instead of 150 K. This is because a signature of short-range charge order

is reported above the pseudogap temperature at x = 0.15 (Ref. 16) and we can safely avoid

potential complications from that.

Supplementary Fig. 11a, b shows maps of n(k) at x = 0.15 and 0.30 measured by our

Compton scattering. The obtained map at x = 0.15 is similar to that for x = 0.08 at 300 K

(Fig. 1a), implying that the underlying FSs are also similar to each other. Note that the

FS at x = 0.15 is indeed very similar to that at x = 0.08 in the conventional picture, too17.

In contrast, the map at x = 0.30 is different from those for x = 0.08 and 0.15 at 300 K,

suggesting different shapes of FSs at x = 0.30. In fact, the conventional picture17 tells that

the electron-like FS is realized at x = 0.30 and the hole-like FS is at x = 0.08 and 0.15.

Under the condition of α = α′′ = 0, t̃
′′
/t̃

′
= −1/2, and t̃z = 0 [see Supplementary

Eqs. (9)-(12)], we first determine the actual band parameters t̃
′
and t̃

′′
to reproduce the FS
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Supplemenatary Fig. 11. Images of the momentum distribution function n(k) by high-resolution

Compton scattering. Maps of n(k) in the first Brillouin zone at 300 K for La2−xSrxCuO4 with

x = 0.15 (a) and 0.30 (b). The results for x = 0.08 are shown in Fig. 1. The color scale represents

the relative intensity.

proposed by ARPES8,17. We obtain

t̃
′
= −0.12t̃, t̃

′′
= 0.06t̃ (21)

for both x = 0.15 and 0.30. The band parameters are different from those at x = 0.07 [see

Supplementary Eq. (13)]. This doping dependence is well known in the tight-binding fit to

ARPES data in La-based cuprates17. While we shall also consider various c-axis dispersions

[Supplementary Eqs. (11) and (12)] to perform a precise analysis as much as possible, the

essential feature of our Compton scattering data is captured already without considering

the c-axis dispersion.

Analysis of n(k) for x = 0.15

In Supplementary Fig. 12a, we superpose the FS proposed by ARPES8. Along the FS,

n(kF ) is almost constant in an extended region around k = (0.43π, 0.43π). This nice agree-

ment between ARPES and our Compton data is, however, broken around k = (π, 0) and

(0, π). This unsatisfactory aspect is resolved by considering FS deformation from the ne-

maticity as shown in Supplementary Fig. 12b. The inner FS is fully consistent with the

map of n(k). The outer FS is also almost consistent with our data, although a small re-

gion around k = (0.43π, 0.43π) may not be so perfect. The agreement is improved when

we introduce the c-axis dispersion in Supplementary Eq. (11) as shown in Supplementary
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Supplemenatary Fig. 12. Interpretation of the observed maps of the momentum distribution func-

tion n(k) for x = 0.15 at 300 K. Expected Fermi surfaces are superposed on the maps. a Fermi

surface (FS) proposed by angle-resolved photoemission spectroscopy8. b-d FSs with α = 0.2 in

the nematic scenario. The c-axis dispersion is neglected in (b), and Supplementary Eqs. (11) and

(12) for kz = 0 are considered in (c) and (d), respectively.

Fig. 12c. The values of α and t̃z cannot be determined uniquely and a reasonably good

agreement is achieved in 0.16 ≲ α ≲ 0.25 and 0 ≲ t̃z ≲ 0.05. Actually, a larger t̃z would be

more consistent with our data, but the splitting of the hole- and electron-like FSs around

k = (0.43π, 0.43π) becomes sizable, which does not seem to be supported by ARPES data8.

A choice of a different c-axis dispersion [Supplementary Eq. (12)] yields essentially the same

results (Supplementary Fig. 12d) even if we introduce c0 = 1 in Supplementary Eq. (12)

as long as 0 ≲ t̃z ≲ 0.1. Compared to the case at x = 0.08, a value of α becomes smaller

at x = 0.15. This smaller α comes from weaker nematic correlations and weaker lattice

anisotropy with carrier doping.

Analysis of n(k) for x = 0.30
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The FS proposed by ARPES17 is superposed on our map of n(k) in Supplementary

Fig. 13a. Along the FS, n(kF ) is almost constant, although the agreement seems less sat-

isfactory around a region k = (0.15π, 0.7π) and (0.7π, 0.15π). To consider whether this is

reasonably acceptable, we estimate the value of n(k) along the FS shown in Supplementary

Fig. 13a by assuming that n(kF ) = 0.5 at kF = (0.4π, 0.4π). The result is shown in Supple-

mentary Fig. 13b. It turns out that n(kF ) varies very sightly around 0.5 along the expected

FS, which indicates that the FS proposed by ARPES17 agrees with our Compton scattering

data. This conclusion is reasonable because the spectral function A(k, ω) is rather sharp in

ARPES at x = 0.30 (Ref. 17) and thus there is not much room to invoke additional physics

that ARPES potentially misses. In addition, our conclusion is consistent with the previous
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Supplemenatary Fig. 13. Interpretation of the observed maps of the momentum distribution func-

tion n(k) for x = 0.30 at 300 K. Expected Fermi surfaces are superposed on the maps. a Fermi

surface (FS) proposed by angle-resolved photoemission spectroscopy17. b n(kF ) along the expected

FS shown in (a). The value of n(kF ) is normalized to be 0.5 at kF = (0.4π, 0.4π) and the angle θ is

defined in the inset. c and d FSs in the presence of the c-axis dispersions Supplementary Eqs. (11)

and (12), respectively, for kz = 0.
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Compton scattering for x = 0.30 (Ref. 18). Inclusion of the c-axis dispersion such as Supple-

mentary Eqs. (11) and (12) does not alter our conclusion as seen in Supplementary Fig. 13c,

d. Note that in general there should exist two FSs at a given kz in LSCO because the unit

cell contains two CuO2 planes reflecting the body-centered tetragonal crystal structure. If

we invoke a larger t̃z, a value of n(k) tends to vary along the outer FS especially around

k = (π, 0) and (0, π). The reason why the momentum distribution function n(k) is enhanced

around k = (π, 0) and (0, π) is left to further studies.

While it seems unlikely to invoke the nematic physics at x = 0.30, it is worth checking

whether our data are indeed consistent with this expectation. We found that essentially the

same FSs are obtained as those in Supplementary Fig. 13c, d for the same band parameters

except for a finite value of α ≲ 0.05. In this sense, our data cannot exclude possible

nematicity also at x = 0.30, but with a small α if there is.
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