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Electronic stripe-nematic phases are fascinating, strongly correlated states characterized by spontaneous
rotational symmetry breaking. In the quantum Hall regime, such phases typically emerge at half-filled,
high-orbital-index (N ≥ 2) Landau levels (LLs) where the short-range Coulomb interaction is softened by
the nodes of electron wave functions. In the lowest (N ¼ 0) LLs, these phases are not expected. Instead,
composite fermion (CF) liquids and fractional quantum Hall states, which are well explained in the picture
of weakly interacting CF quasiparticles, are favored. Here, we report the observation of an unexpected
stripe-nematic phase in the lowest LL at filling factor ν ¼ 5=8 in ultra-high-quality GaAs two-dimensional
hole systems, evinced by a pronounced in-plane transport anisotropy. Remarkably, ν ¼ 5=8 can be mapped
to a half-filled, high-index CF LL (NCF ¼ 2), analogous to the N ¼ 2 hole LL. Our finding signals a novel
stripe-nematic phase of CFs driven by the residual long-range interaction among these emergent
quasiparticles. This phase is surprisingly robust, surviving up to ∼100 mK. Its absence in electron-type
systems suggests that severe LL mixing stemming from the large hole effective mass and nonlinear LL fan
diagram plays a crucial role in modifying the CF-CF interaction.
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The concept of quasiparticles is pivotal for understand-
ing the complex electronic properties in condensed matter
physics. In solids, the behavior of electrons in a periodic
potential created by the atomic lattice can be effectively
described using Bloch electrons—quasiparticles that
resemble free electrons but with a renormalized effective
mass. In the extreme quantum limit of a two-dimensional
electron system (2DES), where electrons partially occupy
the lowest (N ¼ 0), highly degenerate Landau level (LL),
strong electron-electron Coulomb interaction leads to the
emergence of exotic correlated phases such as fractional
quantum Hall states (FQHSs) [1–3]. These many-body
electronic phases can be phenomenologically understood
through an effective single-particle framework by intro-
ducing a new type of quasiparticles known as composite
fermions (CFs), which are formed by attaching an even
number of magnetic flux quanta to each electron [4–6]. The
flux attachment reduces the external magnetic field and, in
an effective mean-field theory, also screens the Coulomb
interaction. As a result, two-flux CFs (2CFs) experience
zero effective magnetic field B� at LL filling factor ν ¼ 1=2
and form a compressible Fermi sea. This has been con-
firmed experimentally [7–9]. As the system moves away
from ν ¼ 1=2, the 2CFs experience a finite B� ¼ B − B1=2

and form their own LLs, known as lambda levels (ΛLs) [6].
Similar to electrons, 2CFs exhibit integer QHSs when
ΛLs are fully occupied, which manifest as Jain-sequence
FQHSs at ν ¼ n=ð2n� 1Þ, n ¼ 1; 2; 3….
Electron-electron interaction in excited (N ≥ 1) LLs,

however, is rather different, because the nodes of electron

wave functions soften the short-range part of the Coulomb
interaction, giving rise to exotic correlated states, which are
not favored in the N ¼ 0 LLs. One peculiar example is the
candidate non-Abelian FQHS observed in half-filledN ¼ 1
LL at ν ¼ 5=2 [10], which is believed to originate from
BCS-like CF pairing [11–13]. In higher N ≥ 2 LLs, stripe
or electronic versions of liquid-crystal-like phases charac-
terized by significant in-plane transport anisotropy emerge
at half fillings, e.g., at ν ¼ 9=2 [14–23]. Early Hartree-Fock
theories predicted that these phases stem from unidirec-
tional charge-density waves consisting of stripes with alter-
nating integer ν (e.g., ν ¼ 4 and 5) [16–18,24]. At finite
temperatures, and in the presence of quantum fluctuations
and disorder, the stripe order can be disrupted, leading to
nematic phases [19,20,22]. In the remainder of the Letter,
we refer to such phases as stripe-nematic (SN) phases. In a
more general picture, nematic orders can also arise from
Pomeranchuk instability of Fermi seas [21,23].
We report here the observation of an unusual, aniso-

tropic phase at ν ¼ 5=8 in the lowest LL of ultra-high-
quality GaAs 2D hole systems (2DHSs). The LL filling
ν ¼ 5=8 can be mapped to a hole-flux CF ΛL filling
νCF ¼ 5=2, representing a half-occupied NCF ¼ 2 ΛL on
top of two fully occupied lower ΛLs (NCF ¼ 0 and 1). The
exotic phase we observe at ν ¼ 5=8 is, therefore, very
likely a manifestation of an SN phase of interacting CFs;
see Fig. 1(c). This phase is novel and intricate because both
the SN phase and the CF quasiparticles forming this phase
have collective origins.
We studied ultra-high-quality 2DHSs confined to

GaAs quantum wells grown on GaAs (001) substrates by

PHYSICAL REVIEW LETTERS 136, 016501 (2026)

0031-9007=26=136(1)=016501(7) 016501-1 © 2026 American Physical Society

https://orcid.org/0009-0004-0059-8345
https://ror.org/00hx57361
https://crossmark.crossref.org/dialog/?doi=10.1103/79lt-2p4n&domain=pdf&date_stamp=2026-01-02
https://doi.org/10.1103/79lt-2p4n
https://doi.org/10.1103/79lt-2p4n


molecular beam epitaxy. They were grown following the
optimization of the growth chamber vacuum integrity and
the purity of the source materials [25] as well as an
optimized, stepped-barrier design [26,27]. We performed
our experiments on 4 × 4 mm2 van der Pauw geometry
samples cleaved from a 2-inch GaAs wafer with alloyed
In:Zn contacts at the four corners and side midpoints. The
samples were cooled in a dilution refrigerator with a base
temperature of ≃30 mK. We measured the longitudinal
resistances along ½11̄0� (Rxx) and [110] (Ryy) crystal
directions [28] and the Hall resistance Rxy using the
conventional, low-frequency (∼17 Hz), lock-in amplifier
technique.
We focus on transport measurements on a GaAs 2DHS in

the lowest LL (ν < 1). Figure 1(a) presents Rxx and Ryy vs
perpendicular magnetic field B⊥. We observe a dramatic
anisotropic behavior at ν ¼ 5=8: Rxx exhibits a deep mini-
mum while Ryy shows a maximum (with Ryy=Rxx ≃ 40),
reminiscent of the SN phases that typically emerge in high
(N ≥ 2) LLs [14,15,22]. Such anisotropic behavior at
ν ¼ 5=8 is also seen in two other samples with similar
2D hole densities, but different quantum well widths; see
Supplemental Material (SM) Fig. S5 [29]. As we elaborate
later, this anisotropic behavior signals the emergence
of an SN phase of interacting 2CFs in a half-filled, high
(NCF ¼ 2) ΛL. The SN phase at ν ¼ 5=8 is in stark contrast
to the nearly isotropic behavior we observe elsewhere in the
lowest LL (ν < 1). Near ν ¼ 1=2, Rxx and Ryy are feature-
less and have similar values, consistent with an isotropic
Fermi sea of 2CFs. On the lower-B⊥ side of ν ¼ 1=2,

a sequence of minima, which signal the Jain-sequence
FQHSs, are observed at ν ¼ 2=3, 3=5, 4=7,… , up to 9=17.
It is worth noting that, between ν ¼ 1 and 2=3, an even-
denominator FQHS emerges at ν ¼ 3=4, consistent with
what was recently reported in ultra-high-quality GaAs
2DHSs [40,41]. These observations collectively demon-
strate the exceptionally high quality of the GaAs 2DHS in
our Letter.
To shed light on the origin of the exotic SN phase at

ν ¼ 5=8, we present our data in the 2CF picture by plotting
Rxx, Ryy, and Rxy in Fig. 1(b) as a function of νCF, where
νCF is the CF ΛL filling factor obtained from the relation
ν ¼ νCF=ð2νCF þ 1Þ. The Jain-sequence FQHSs at ν ¼ 2=3
and 3=5, evinced by wide, quantized Rxy plateaus accom-
panied with vanishing Rxx and Ryy, can be interpreted as
integer QHSs of 2CFs with νCF ¼ 2 and 3. An SN phase is
observed between ν ¼ 2=3 and 3=5 (between νCF ¼ 2
and 3). Here, CFs fully occupy the NCF ¼ 0 and NCF ¼
1 ΛLs, and partially occupy the NCF ¼ 2 ΛL, assuming
CFs are fully spin polarized. The peak anisotropy is seen
near ν ¼ 5=8, corresponding to νCF ¼ 2þ 1=2, where the
topmost NCF ¼ 2 ΛL is half occupied [Fig. 1(c)]. No Rxy

plateau is seen near ν ¼ 5=8. These observations highly
resemble the conventional SN phases reported in high
LLs of GaAs 2DESs [14,15,22], suggesting that what
we observe at ν ¼ 5=8 is an SN phase. Remarkably, this
SN phase is observed in the lowest LL, emerging from
interacting 2CFs rather than interacting holes.
Several other observations support our claim that CFs are

interacting in a partially filled ΛL in our 2DHS. The filling

(b) (c)(a)

(d)

(b) (c)cc)(a)

(d)((d)(

stripe-nematic phase

(c)

(d)

FIG. 1. An SN phase of CFs in the lowest LL. (a) Longitudinal resistances Rxx and Ryy vs perpendicular magnetic field B⊥ measured
along two mutually perpendicular crystal directions at T ≃ 30 mK. The circuit configurations used for the measurements are shown in
the right insets. Our 2DHS exhibits a highly anisotropic behavior between two Jain-sequence FQHSs ν ¼ 2=3 and 3=5, showing a peak
anisotropy (Ryy=Rxx ≃ 40) near ν ¼ 5=8. This signals the emergence of an SN phase in the FQHS regime. (b) Rxx, Ryy, and Hall
resistance Rxy are plotted as a function of CF filling factor, νCF. FQHSs identified by vanishing Rxx and Ryy, and accompanied by
quantized Hall plateaus, are observed at ν ¼ 3=5, 2=3, 5=7, and 3=4, corresponding to νCF ¼ 3, 2, 5=3, and 3=2, respectively. No Rxy

plateau is seen near ν ¼ 5=8 (νCF ¼ 5=2). (c) Origin of the SN phase at ν ¼ 5=8: first, we map hole LL filling ν ¼ 5=8 to CF ΛL filling
νCF ¼ 5=2, where CFs fully occupy the NCF ¼ 0 and NCF ¼ 1 ΛLs and half occupy the topmost, NCF ¼ 2 ΛL. An SN phase of CFs
forms in the half-filled NCF ¼ 2 ΛL, analogous to electronic SN phases in high LLs, e.g., at ν ¼ 9=2. (d) Origin of the exotic ν ¼ 3=4
FQHS: paired FQHS of CFs in the half-filled NCF ¼ 1 ΛL. We assume CFs are fully spin polarized; this is reasonable, given the very
large B⊥ where our observations are made.
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factor ν ¼ 3=4, at which an exotic, even-denominator
FQHS is observed [see Fig. 1(b)], can be mapped to νCF ¼
1þ 1=2 [Fig. 1(d)]. A likely origin of this FQHS is the CF-
CF interaction and pairing in the half-filled NCF ¼ 1 ΛL
[40,41]. Such CF-CF interaction resembles the electron-
electron interaction in the N ¼ 1 LLs, which is believed
to be the key to stabilizing paired, non-Abelian FQHSs at
even-denominator fillings, e.g., at ν ¼ 5=2 [10]. We also
note that there are two inflection points in both Rxx and Ryy

between ν ¼ 2=3 and 3=5, where Rxy shows quantization
merging into the ν ¼ 2=3 and 3=5 plateaus [see the yellow-
shaded regions in Fig. 1(b)]. Similar features are also seen
near ν ¼ 2=3 in two other samples; see SM, Figs. S5 and
S6 for details [29]. These features are possibly indications
of developing reentrant FQHSs, which are believed to
be bubble phases of interacting CFs [42–44]. The νCF
positions of these features, ≃2þ 0.25 and 2þ 0.75, are
close to the ν positions of bubble phases observed in the
N ¼ 2 LL [45], suggesting that CF-CF interaction in the
NCF ¼ 2 ΛL is analogous to the electron-electron inter-
action in the N ¼ 2 LL.
Figure 2 displays the temperature dependence data,

providing further evidence for the emergence of an SN
phase at ν ¼ 5=8; see SM, Fig. S6 for the temperature
dependence of two other samples [29]. In Figs. 2(a)
and 2(b), we present Rxx and Ryy vs B⊥ traces [46,47]
measured at different T; see SM Fig. S1 for Rxy data [29].
As we increase T from 30 mK, the Rxx minimum and Ryy

maximum at ν ¼ 5=8 weaken sharply. Both features dis-
appear at T ≃ 110 mK, and they exhibit little temperature
dependence as we further increase T to 280 mK. These
trends are more clearly revealed in Fig. 2(d). Our obser-
vations signal the thermal melting of the SN phase at

ν ¼ 5=8, strikingly resembling what was reported for SN
phases in high LLs of GaAs 2DESs [14,15,22,48].
In Figs. 2(c), 2(e), and 2(f), we show the temperature

dependence of Rxx and Ryy at other fillings, ν ¼ 3=4, 7=12,
and 9=16. Similar to ν ¼ 5=8, which corresponds to νCF ¼
2þ 1=2, these ν can also be mapped to half-integer νCF.
In contrast to the anisotropic behavior at ν ¼ 5=8, Rxx
and Ryy qualitatively follow the same trend. At ν ¼ 3=4
(νCF ¼ 1þ 1=2), where the ground state is an FQHS, both
Rxx and Ryy approach zero at low T [Fig. 2(c)] [40]. At
ν ¼ 7=12 and 9=16 (νCF ¼ 3þ 1=2 and 4þ 1=2), both Rxx
and Ryy increase slightly at lower T [Figs. 2(e) and 2(f)]
[49], consistent with what was reported at FQH plateau-to-
plateau transitions [50].
Next, we study the evolution of the CF SN phase in

tilted B. The sample is mounted on a rotating stage to
support in situ tilt; θ is the angle between B and B⊥; see
Fig. 3(h). The in-plane magnetic field Bk ¼ B sinðθÞ is
applied along the ½11̄0� (Rxx) direction; see SM for data
with Bk applied along the [110] (Ryy) direction [29].
Figures 3(a)–3(c) display data measured at three different
θ. At θ ¼ 0, we observe an SN phase at ν ¼ 5=8 with
Ryy ≫ Rxx. At θ ¼ 27.2°, Rxx and Ryy values at ν ¼ 5=8
become very close. At the largest θ ¼ 33.4°, an SN phase
emerges again, but now Rxx ≫ Ryy. This evolution with θ is
summarized in Fig. 3(d), where we present color-scale
plots of Rxx and Ryy as a function of B⊥ and sinðθÞ. With
increasing sinðθÞ, the SN phase at ν ¼ 5=8 gradually
weakens, then disappears at intermediate θ, and it even-
tually reappears at large θ with the hard axis switched to
the Rxx direction. Qualitatively similar behavior was also
reported in high LLs of GaAs 2DESs [48,51], where SN

(a) (b) (c)

(d)

(e) (f)

FIG. 2. Temperature dependence. (a),(b) Rxx and Ryy vs B⊥ traces measured at different T. Vertical black lines mark the B⊥ positions
of odd-denominator FQHSs. Filling factors ν ¼ 3=4, 5=8, 7=12, and 9=16, which correspond to half-integer νCF ¼ 3=2, 5=2, 7=2, and
9=2, are marked with arrows. Insets show the circuit configurations used for the measurements. (c)–(f) Rxx and Ryy vs T at ν ¼ 3=4, 5=8,
7=12, and 9=16. At ν ¼ 3=4, as we lower T, both Rxx and Ryy first slightly increase, and then decrease at T ≲ 0.1 K when an FQHS is
developing. At ν ¼ 7=12 and 9=16, both Rxx and Ryy monotonically increase with decreasing T. In contrast to these fillings where Rxx

and Ryy exhibit the same trend with T, at ν ¼ 5=8, Rxx and Ryy deviate from each other and become highly anisotropic at T ≲ 0.1 K,
signaling the emergence of an SN phase.
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phases generally align their hard axis to the direction of Bk
when Bk > Bcrit

k . However, there are two surprises: (i) we

observe a Bcrit
k ≃ 7 T [Fig. 3(e)], significantly larger than

the typical values (Bcrit
k ≲ 1 T) reported for high LL SN

phases in GaAs 2DESs [48,51]; (ii) at high θ, the ν ¼ 5=8
state is more fragile than what we observe at θ ¼ 0: the
anisotropic behavior disappears at a lower T ≃ 70 mK
(SM Fig. S2 [29]). This is in contrast to the SN phases
in high LLs, which survive up to higher temperatures in the
presence of a large Bk [48].
Unlike the SN phase at ν ¼ 5=8, other states in the

lowest LL are rather insensitive to θ. The FQHSs observed
at ν ¼ 3=4, 5=7, 2=3, 3=5, and 4=7 remain robust with
increasing θ [Figs. 3(a)–3(d)], suggesting that these FQHSs
are fully spin polarized. This corroborates our assumption
that CFs are fully polarized. At ν ¼ 7=12 and 9=16
(corresponding to νCF ¼ 7=2 and 9=2, respectively), Rxx
and Ryy largely remain constant as a function of Bk
[Figs. 3(f) and 3(g)], indicating the absence of SN insta-
bility at these fillings.
Our observation of a CF SN phase highlights the

important role of residual CF-CF interaction in the FQH
regime. Similar to electrons in a high-orbital-index LL,
CFs in a high-index ΛL also have nodes in their wave
function [4,6]. Intuitively, the nodes in the CF wave func-
tion can soften the short-range residual Coulomb repulsion,

which is already very weak after forming CFs via flux
attachment. Calculations of pseudopotentials for CF-CF
interaction indeed suggest that residual CF-CF interaction
in excited (NCF ≥ 1) ΛLs is often attractive [42,52,53].
These calculations also predict that such residual CF-CF
interaction can lead to numerous exotic correlated states,
including FQHSs at unconventional fillings and stripe and
bubble phases of CFs [42,52,53]. FQHSs beyond the Jain
sequence emerging from CF-CF interaction were reported
in the lowest LL at both odd- and even-denominator fillings
[40,41,54–57], e.g., at ν ¼ 4=11 in GaAs 2DESs [55] and
at ν ¼ 3=4 in GaAs 2DHSs [40,41]. An exotic bubble
phase of CFs was also observed recently near ν ¼ 5=3 in a
GaAs 2DES [44]. Note that these states emerge in the
NCF ¼ 1 CF ΛL, qualitatively similar to the many-body
states observed in the N ¼ 1 electron LL. The SN phase we
observe at ν ¼ 5=8, on the other hand, signals yet another
exotic collective state emerging from CF-CF interaction in
a higher (NCF ¼ 2) CF ΛL.
While the potential for stripe formation in the FQH

regime, as discussed in Refs. [42,52], offers a plausible
explanation for our data, the robustness of the CF SN
phase we observe is intriguing. Collective states of CFs
are generally considered exceedingly fragile because the
CF-CF interaction is about an order of magnitude weaker
than the electron-electron interaction (when LL mixing is
ignored) [42,52]. Now, the SN phases in high LLs of GaAs

400
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FIG. 3. Role of in-plane magnetic field. (a)–(c) Rxx, Ryy, and Rxy vs νCF traces measured at (a) θ ¼ 0°, (b) θ ¼ 27.2°, and (c) θ ¼ 33.4°.
(d) Color-scale plot of Rxx (left) and Ryy=2 (right) as a function of B⊥ and sin(θ). (e)–(g) Rxx and Ryy vs Bk at ν ¼ 5=8, 7=12, and 9=16.
The circuit configurations for Rxx and Ryy measurements are the same as shown in Fig. 2. (h) A schematic of the experimental setup.

PHYSICAL REVIEW LETTERS 136, 016501 (2026)

016501-4



2DESs and 2DHSs are generally reported only at very low
temperatures (T ≤ 50 mK) [14,15,58], suggesting even
more stringent conditions for CF stripe formation. In
contrast, the SN phase we observe at ν ¼ 5=8 persists
up to T ≃ 100 mK, indicating its surprising robustness.
Such robustness, together with the ν ¼ 3=4 FQHS we
observe in the same sample, demonstrate that CFs in our
2DHS are highly interacting.
We attribute this surprisingly strong CF-CF interaction to

the severe LL mixing (LLM) in our 2DHS samples. This
seems counterintuitive at first sight, since LLM softens the
short-range component of the hole-hole Coulomb repul-
sion. However, the flux attachment required to form CFs
is quantized and can lead to an overscreening, rendering
CFs in the NCF ≥ 1 LLs mutually attractive [42,52,53].
Therefore, the softening of hole-hole Coulomb repulsion
by LLM actually results in an enhancement of residual CF-
CF attractive interaction, and it can lead to a pairing of CFs
and the formation of even-denominator FQHSs, e.g., at ν ¼
3=4 [40,41,59,60]. Our calculated LL fan diagram (SM
Fig. S4 [29]) shows that at ν ¼ 5=8, the Coulomb energy is
significantly larger than the LL separations, underscoring
the importance of LLM. It is also worth noting that the SN
phase of CFs we observe at ν ¼ 5=8, as well as the ν ¼ 3=4
FQHS, are absent in ultra-high-quality GaAs 2DESs, even
though the mobility of GaAs 2DESs is an order of magni-
tude higher [25]. Compared to 2DHSs, GaAs 2DESs have a
much smaller effective mass, and therefore, experience
negligible LLM at high B⊥. This is consistent with our
conjecture that LLM plays a crucial role in modifying the
residual CF-CF interaction that stabilizes the exotic SN
phase of CFs.
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