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Imaginary phonon modes remain a practical bottleneck in computational materials screening because otherwise
plausible structures can be locally dynamically unstable under a chosen workflow. Here we present PhononBench-
MP40, a spectrum-resolved benchmark dataset of Materials Project-derived crystals for workflow-defined phonon sta-
bility. The dataset starts from 47969 MP40 workflow tasks and provides 46899 completed records with paired sta-
bility labels and local phonopy YAML spectra, including 16683 stable records and 30216 completed-phonon unstable
records. A further 1067 relaxation failures are reported separately rather than merged into the completed phonon de-
nominator. The release centers on the local YAML spectrum: the stability label, the lowest sampled frequency and any
threshold-dependent relabeling are derived from that spectrum. The dataset is openly available through Science Data
Bank at https://doi.org/10.57760/sciencedb.38735. A companion GitHub repository provides the calculation code and
lightweight access utilities. PhononBench-MP40 provides an auditable reference for workflow-defined stability classifica-
tion, minimum-frequency analysis, threshold studies and failure-aware triage, while keeping the reference workflow, data
schema and interpretation boundaries explicit.
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1. Introduction
Large-scale crystal generation and screening have

changed the rate at which candidate materials are
proposed.[1–4] The bottleneck is no longer only how to gen-
erate structures, but how to decide which of them deserve
expensive follow-up. Formation energy, charge balance, sym-
metry and structural validity are useful filters, but they do not
by themselves establish local dynamical stability. Within a
specified interatomic-potential and phonon workflow, the rel-
evant question is sharper: does the relaxed structure have a
sampled phonon mode with negative curvature, i.e., an imag-
inary frequency? This makes phonon stability a natural target
for reusable computed data and for model evaluation.

The field already has extensive computed-data infras-
tructure. Materials Project, AFLOW, OQMD, JARVIS, NO-
MAD, and Materials Cloud organize large computational
materials spaces.[5–11] Workflow and analysis tools such as
pymatgen, ASE, FireWorks, atomate, and AiiDA support
reproducible workflows.[12–16] High-throughput phonon re-
sources and software have established practical routes to vi-
brational and thermal properties, including DFPT phonons,
AFLOW-AAPL, ShengBTE, ALAMODE, TDEP, SCAILD,

and recent anharmonic-phonon databases.[17–25] Most exist-
ing open phonon datasets contain spectra or vibrational prop-
erties for thousands to tens of thousands of materials. Re-
cent data-paper and platform efforts have also emphasized
the importance of curated, task-specific materials datasets, in-
cluding HTSC-2025 for ambient-pressure high-temperature-
superconductor critical-temperature prediction, an ab initio
dataset of size-dependent effective thermal conductivity for
advanced technology transistors, and MaterialsGalaxy for fus-
ing experimental and theoretical condensed-matter data.[26–28]

PhononBench-MP40 extends this data-resource logic to 46899
completed MP-derived phonon records, while preserving the
spectral object behind each stability label.

This design matters because a binary stability flag is con-
venient but incomplete. A shallow soft mode, a deep imagi-
nary branch, and a failed calculation are different records for
both physics and workflow auditing. Collapsing them into one
undifferentiated “unstable” class hides the evidence behind the
decision and obscures the denominator used in later statistics.
PhononBench-MP40 keeps these cases separate. It pairs la-
bels with local phonopy YAML spectra, fixes the completed
label+YAML cohort, and reports missing-spectrum relaxation
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failures outside the completed phonon denominator. The re-
sult is both a data release and a benchmark target: users can
work with a fixed PhononBench-defined label, but can also in-
spect the spectrum, extract a scalar frequency diagnostic, or
move the stability threshold for their own application.

PhononBench-MP40 should be interpreted as a
workflow-defined harmonic phonon dataset. An imaginary
mode in this release indicates a sampled negative-curvature
mode under the adopted 0 K MatterSim/uMLIP–phonopy
finite-displacement workflow. It is not an absolute statement
of thermodynamic instability or finite-temperature instabil-
ity. Strongly anharmonic materials, superionic conductors,
and high-symmetry phases near structural phase transitions
may show imaginary harmonic modes at 0 K but become dy-
namically stabilized at finite temperature. This boundary is
central to the intended use of the dataset: the released spectra
provide auditable workflow evidence, while borderline soft-
mode cases remain candidates for follow-up calculations when
stricter physical conclusions are required.

2. Dataset construction and workflow
Figure 1 summarizes the construction. The starting point

is an audited MP40 task cohort containing 47969 recorded
tasks within the local Natoms ≤ 40 workflow scope. Atom-
count windows drawn from Materials Project are common
in crystal-generation benchmarks, including MP-20, MP-
21–40 and MP-40 settings.[1,29,30] Here the cutoff also has
a direct phonon-workflow meaning. Under the 2 × 2 × 2
finite-displacement supercell used in the workflow, a 40-

atom recorded cell corresponds to an up-to-320-atom force-
evaluation cell before symmetry reduction. The MP40 cutoff
therefore defines a practical release domain: it includes many
inorganic prototypes, ordered derivatives and multicomponent
cells, while keeping the large-scale finite-displacement calcu-
lation computationally controlled. It is a benchmark-domain
definition rather than a physical stability boundary.

Each task follows the PhononBench route. Structures are
relaxed, finite-displacement supercells are constructed, forces
are evaluated with MatterSim/uMLIP, and phonopy is used to
build the dynamical matrix and phonon outputs.[31–34] High-
symmetry paths are generated through the seekpath/spglib
ecosystem.[35,36] The top row of Fig. 1 is therefore shown as an
explicit workflow rather than as a stand-alone label source: the
reference target is a computed phonon result under a specified
route. The force evaluations are therefore MLIP-dependent.
MatterSim/uMLIP defines the force model of the reference
workflow and enables the present scale of finite-displacement
calculations, but the resulting spectra inherit the accuracy
and generalization limits of the adopted potential. Chemi-
cal spaces, structural prototypes, oxidation states, magnetic or
strongly correlated systems, and distorted local environments
that are underrepresented in the training distribution may be
more susceptible to systematic or statistical force errors. These
errors can propagate into force constants, ωmin, and especially
near-threshold stability labels. PhononBench-MP40 should
therefore be regarded as a documented MLIP-based reference
workflow rather than a replacement for material-specific first-
principles or anharmonic validation.

MP40 task cohort
47969 tasks

Materials Project
targeted tasks

Structural

 relaxation

Equilibrium
structure

Supercell

Finite-displacement
supercell

Force calculations

MatterSim / uMLIP

Forces from ML
interatomic potentials

Phonopy

processing

Dynamical matrix
and phonons

Local YAML output Stability label

Stable or unstable

Derived uses enabled by local YAML

A. Reconstruct
phonon dispersion

B. Extract minimum
phonon frequency Audit summary

Audited local labels 47966

Local YAML outputs 46902

Completed label+YAML entries 46899

Stable 16683

Completed-phonon unstable 30216

Relaxation failures 1,067

Primary release

object

Minimum phonon frequency

C. Derive stable/

unstable labels

stable unstable

Fig. 1. Workflow and release object of PhononBench-MP40. The dataset starts from 47969 MP40 tasks and follows the PhononBench route
through structural relaxation, finite-displacement supercell construction, MatterSim/uMLIP force evaluation and phonopy processing. The local
YAML output is the primary release object because it enables dispersion reconstruction, minimum-frequency extraction and stability-label
derivation. The audit summary reports 47966 audited local labels, 46902 local YAML outputs, 46899 completed label+YAML entries, 16683
stable entries, 30216 completed-phonon unstable entries and 1067 relaxation failures.
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Table 1. Cohort accounting. Counts for the MP40 audit and completed
spectral cohort.

Quantity Count

Audited MP40 tasks 47969
Recovered workflow labels 47966

Recovered phonopy YAML outputs 46902
Completed label+YAML records 46899

stable completed records 16683
Completed-phonon unstable records 30216
Relaxation failures without YAML 1067

The primary release object is the local phonopy YAML
file. It contains the spectral information needed to recon-
struct the dispersion, extract the lowest sampled phonon fre-
quency, and derive a stable/unstable decision. The label is
thus a derived view of the spectrum. A completed record in
PhononBench-MP40 is defined by the intersection of two lo-
cal objects: a recovered workflow stability label and a match-
ing local YAML output. This rule yields 46899 completed
label + YAML records from 47966 audited local labels and
46902 local YAML outputs. Within the completed cohort,
16683 records are stable and 30216 records are completed-
phonon unstable. The audit also reports 1067 relaxation fail-
ures separately, because no matching local YAML spectrum
is available for those records. This separation is essential for
denominator-aware reuse: a completed imaginary-mode spec-
trum and a missing-spectrum relaxation failure answer differ-
ent scientific and computational questions. Release-file defini-
tions, common fields, workflow settings, and the label rule are
provided in the supplementary information, Sections S1–S3.

3. Relation to PhononBench
The present release builds on the PhononBench workflow

introduced in Ref. [34]. PhononBench was designed to eval-
uate the dynamical stability of AI-generated crystal structures
under a MatterSim/phonopy route. In contrast, PhononBench-
MP40 applies the same documented phonon route to an MP-
derived Natoms ≤ 40 cohort of known database structures and
releases the completed spectral records as a reusable data re-
source.

The distinction is therefore in the source cohort, target
task, and release object. PhononBench focuses on generation-
model evaluation and reports stability statistics for generated
crystals. PhononBench-MP40 focuses on MP-derived refer-
ence spectra: it fixes a completed label+YAML denomina-
tor, releases local phonopy YAML spectra for 46899 com-
pleted records, provides ωmin values and a formula-group
split, and reports 1067 relaxation failures separately. The
shared workflow is intentional because it makes generated-
crystal evaluation and MP-derived reference spectra compa-
rable under a common phonon route. The new contribution
of PhononBench-MP40 is the spectrum-resolved MP40 data
release, threshold-relabeling target, failure-cohort accounting,

and robustness analyses, rather than the original definition of
the PhononBench workflow.

4. Data records
The released data are organized to make the sta-

ble/unstable decision traceable. The archival Science Data
Bank record contains the completed label table, the failure-
accounting table, the reference split table, release metadata,
and the phonopy YAML spectra for completed records. Ta-
ble 2 summarizes the data objects that define the public re-
lease. The completed table is the main machine-learning table:
it links each completed record to a structure identifier, formula,
space group, unit-cell atom count, workflow label, completed
label, YAML path, ωmin value, and split assignment. The fail-
ure table is kept separate because a relaxation failure without
a YAML spectrum is a workflow outcome, not a completed
phonon-instability label.

Table 2. Released data records. The public release is defined by tab-
ular metadata plus phonopy YAML spectra. Counts refer to the release
described in this work.

Data object Records Main use

Audited MP40 task table 47969 Defines the recorded
MP-derived task
scope and denom-
inator for audit
accounting.

Completed label+YAML table 46899 Main spectral cohort
linking structure
identifiers, workflow
labels, completed
labels, YAML paths,
ωmin values and split
assignments.

Phonopy YAML spectra 46899 Primary scientific
object for recon-
structing dispersions,
extracting frequency
diagnostics and
re-deriving threshold-
dependent labels.

Relaxation-failure table 1067 Separate workflow-
failure cohort for
failure-aware triage
and denominator-
aware reporting.

Reference split table 46899 Formula-group
train/validation/test
assignment for
benchmark com-
parisons without
exact-formula leak-
age.

Metadata and integrity files – Version, repository,
file-integrity and
reuse information for
reproducible access.

This separation is important for reuse. Users who need
a fixed binary target can train on the completed label+YAML
cohort. Users who need more physically resolved targets can
reconstruct the band frequencies from the YAML files, calcu-
late ωmin, or impose an application-specific threshold. Users
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interested in high-throughput workflow robustness can include
the 1067 relaxation failures in a separate failure-aware triage
task. The file schema, field definitions, split construction, and
example parsing workflow are given in the supplementary in-
formation, Sections S1, S2, S5, and S9.

5. Spectra behind the labels
The completed stability label is derived from high-

symmetry-path band frequencies. A completed entry is
labeled unstable if any sampled band frequency is below
−10−3 THz; otherwise it is labeled stable. This threshold
turns a phonon dispersion into a machine-readable target, but
the spectrum is the more informative object. We use ωmin as
the lowest sampled frequency along the released path. For
negative values, ωmin measures the severity of an imaginary
branch under the reference workflow; near-zero values iden-

tify threshold-sensitive cases. It is a compact diagnostic of
the YAML spectrum, not a replacement for the full disper-
sion and not a model-independent stability law. For severity
analysis, we further classify the completed spectra using the
YAML-derived minimum frequency ωmin along the released
high-symmetry path. The primary stable/unstable label re-
mains unchanged and follows the workflow threshold: spec-
tra with ωmin < −10−3 THz are labeled unstable, whereas
the remaining completed spectra are labeled stable within tol-
erance. For interpretation and robustness-test stratification,
we use three unstable severity bins: near-threshold unstable
(−0.05 THz ≤ ωmin < −10−3 THz), shallow soft-mode un-
stable (−1.0 THz < ωmin <−0.05 THz), and deep-imaginary
unstable (ωmin ≤ −1.0 THz). These bins are technical sever-
ity categories derived from the released spectra, not universal
physical phase-stability boundaries.
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Fig. 2. Representative phonon spectra behind the stability labels. Three YAML-derived dispersions illustrate the label rule and the information
retained beyond the binary decision. (a) MgB2 is labeled stable, with ωmin = 0.0000 THz within the adopted tolerance. (b) CsPbBr3 is a shallow
soft-mode completed-phonon unstable example with ωmin =−0.8233 THz. (c) BaTiO3 is a deep-imaginary completed-phonon unstable example
with ωmin = −7.9102 THz. Grey branches denote non-negative modes, colored branches denote imaginary modes and the dashed line marks
zero frequency.
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Figure 2 illustrates why the spectral object matters. MgB2

is labeled stable within the adopted tolerance, with ωmin =

0.0000 THz. CsPbBr3 is a shallow soft-mode completed-
phonon unstable example with ωmin = −0.8233 THz, falling
in the −1.0 THz < ωmin <−0.05 THz severity bin. Such shal-
low imaginary modes are often the cases most sensitive to re-
laxation details, threshold choice, supercell construction, and
low-symmetry distortions. BaTiO3 is also unstable, but with a
much deeper imaginary branch, ωmin =−7.9102 THz, indicat-
ing a stronger negative-curvature signal under the same refer-
ence route. These records share the same binary decision, yet
the underlying spectra carry different physical and computa-
tional information. A label table alone would hide this distinc-
tion; a YAML-backed release keeps it available for inspection,
threshold analysis, and learning tasks. The example metadata
are listed in the supplementary information, Section S4.

The spectrum-resolved design also defines how the data
can be reused. A classifier may learn the PhononBench-
defined stable/unstable target. A regression model may pre-
dict ωmin to distinguish near-threshold modes from deep imag-

inary branches. A calibration study may move the −10−3 THz
threshold and quantify label changes. These tasks all refer
back to the same released YAML objects rather than to dis-
connected post-processing tables.

6. Chemical and structural coverage
Figure 3 summarizes the completed cohort rather than the

planned task list. All panels use the same denominator: the
46899 completed label+YAML records. The completed cohort
spans 87 observed elements and 182 observed space groups.
Oxygen appears in 37.2% of completed records, making it the
dominant element in the occurrence count. This O-rich char-
acter is chemically natural for MP-derived inorganic crystals:
O2− forms robust coordination polyhedra with many metal
cations, stabilizes a wide range of oxide and oxyanion frame-
works, and supports charge-balanced multication chemistries.
The extended element, space-group and chemical-complexity
statistics are reported in the supplementary information, Sec-
tion S6.

0 5 10 15 20 25 30 35 40

Unit-cell atom count

0

2000

4000

6000

8000

10000

C
o

m
p

le
te

d
 r

e
c
o

rd
s

(a)

n = 46,899 completed records

Prominent peaks at
8, 20 and 40

Unit-cell atom-count distribution

0 5 10 15 20 25 30 35 40

Fraction of completed records (%)

Al

Ba

Ti

K

Sr

Ni

V

Co

S

Mn

Fe

Cu

Li

F

Mg

O

(b)

4.8%

5.0%

5.1%

5.2%

5.4%

5.7%

5.8%

6.2%

6.5%

6.7%

7.8%

7.9%

9.1%

9.4%

16.7%

37.2%

87 elements observedElement occurrence

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5

Fraction of completed records (%)

160

187

62

38

8

166

2

123

216

139

221

194

12

71

1

225

S
p

a
c
e

 g
ro

u
p

 n
u

m
b

e
r

(c)

1.5%

1.6%

1.9%

2.3%

2.9%

3.0%

3.3%

3.3%

3.6%

3.7%

3.8%

3.9%

4.4%

4.6%

5.9%

16.1%

182 space groups observed
Top 16 shown

Space-group occurrence

1 element 2 elements
(binary)

3 elements
(ternary)

4 elements
(quaternary)

5+ elements
0

10

20

30

40

50

60

F
ra

c
ti
o

n
 o

f 
re

c
o

rd
s
 (

%
)

(d)

0.7%

17.8%

50.5%

24.0%

7.0%

Chemical complexity

atoms per unit cell

Fig. 3. Chemical and structural coverage of the completed cohort. All panels are computed over the 46899 completed label+YAML records.
(a) Distribution of recorded unit-cell atom counts within the MP40 scope, with prominent peaks at 8, 20 and 40 atoms. (b) Element occurrence,
counted once per completed record when an element appears in the parsed formula. (c) Ranked space-group occurrence, showing broad but
uneven crystallographic coverage. (d) Chemical complexity measured by the number of distinct elements in the parsed formula, with ternary and
quaternary compounds forming the largest groups.
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The chemical-complexity distribution is dominated by
ternary and quaternary compounds: 50.5% of records contain
three elements and 24.0% contain four. This distribution is
relevant for reuse and model evaluation. Binary compounds
provide important prototypes, but additional cation or anion
species expand charge-compensation routes, site-substitution
degrees of freedom, and coordination environments. In ox-
ides and oxyanion frameworks, for example, robust oxygen
coordination can coexist with multiple metal sublattices, sub-
stitutions, or charge-balancing species. For machine learning,
the dataset therefore extends beyond simple binary compounds
and contains many chemically richer compositions for which
formula-level cues alone are less likely to capture the relevant
lattice-dynamical behavior.

The unit-cell atom-count and space-group panels should
be read as coverage statistics of the completed MP40 cohort,
not as stability trends. Peaks at 8, 20, and 40 atoms reflect the
MP40 source space, conventional-cell choices, and crystallo-
graphic representation. The 40-atom edge is especially im-
portant: it admits ordered superstructures and multicomponent
inorganic cells that are more demanding than very small-cell
benchmarks, while avoiding a release dominated by very large
phonon supercells. The ranked space-group plot shows broad
but uneven crystallographic coverage, with high-symmetry
prototypes and lower-symmetry distorted or ordered structures
both present. Reporting these distributions is part of the audit:
users can see the chemical and structural support over which
the stability labels and spectra are defined.

7. Technical validation
PhononBench-MP40 is validated as an auditable work-

flow dataset rather than as a claim of model-independent ab-
solute dynamical stability. The first validation layer is cohort
accounting: task records, recovered local labels and recov-
ered YAML outputs are intersected explicitly, giving 46899
completed label + YAML records and identifying 1067 re-
laxation failures outside the completed phonon denominator.
This accounting prevents failed relaxations from being silently
merged with completed imaginary-mode spectra.

The second validation layer is label traceability. For each
completed record, the released label is derived from the sam-
pled high-symmetry-path frequencies in the corresponding
phonopy YAML file. The label rule is deterministic: any sam-
pled band frequency below −10−3 THz gives the completed-
phonon unstable label, while all other completed spectra are
labeled stable. Because the YAML file is released, users can
re-extract ωmin, reproduce the binary label, and test alternative
thresholds without relying on a disconnected label table.

The third validation layer is distributional and physical
sanity checking. The release reports the completed-cohort el-
ement distribution, space-group distribution, unit-cell atom-
count distribution, and chemical-complexity distribution using

the same 46899-record denominator. Representative spectra
in Fig. 2 further check that the label rule distinguishes sta-
ble spectra, shallow soft-mode spectra, and deep-imaginary
spectra in a physically interpretable way. Additional valida-
tion and recommended integrity checks are described in the
supplementary information, Sections S6, S10, and S11.

To assess the sensitivity of the workflow label to the
finite-displacement supercell, we performed an additional 2×
2 × 2 versus 3 × 3 × 3 robustness test on a stratified small-
cell subset of 60 completed entries with unit-cell sizes no
larger than 6 atoms. The subset contains 20 workflow-stable
structures, 20 near-threshold or shallow soft-mode unstable
structures, and 20 deep-imaginary unstable structures. For
the 3× 3× 3 reruns, the MatterSim relaxation protocol, dis-
placement amplitude of 0.01 Å, seekpath high-symmetry path
generation, and stability threshold of −10−3 THz were kept
unchanged. All 60 3× 3× 3 calculations completed success-
fully. The binary labels agree for 57/60 cases between the
original 2× 2× 2 workflow and the 3× 3× 3 rerun. All 20
deep-imaginary cases remain unstable, whereas the three label
changes occur only in the stable or shallow-soft-mode bound-
ary regimes. This subset test is not intended to prove full su-
percell convergence for the entire MP40 dataset, but it sup-
ports the interpretation that deep imaginary branches are more
robust under the larger-supercell rerun, while borderline soft
modes are more sensitive to workflow choices and should be
interpreted with caution.

The 1067 relaxation failures were further analyzed as a
separate workflow-failure cohort. The direct technical cause of
these records is relaxation non-convergence under the adopted
MatterSim/ASE FIRE protocol: all 1067 cases failed the final
force criterion before a force-constants YAML file was gener-
ated. Therefore, they are not completed phonon calculations
and are kept outside the completed stable/unstable denomina-
tor. Compared with the 46899 completed records, the fail-
ure cases are biased toward larger and chemically more com-
plex structures. The median unit-cell size of the failure cohort
is 28 atoms, compared with 20 atoms for the completed co-
hort. In addition, 78.4% of the failure records contain more
than 20 atoms, whereas this fraction is 41.7% for the com-
pleted cohort. The failure cohort is also enriched in quater-
nary compositions: 46.3% of failures are quaternary, com-
pared with 24.0% in the completed cohort. Element-wise oc-
currence analysis shows higher relative occurrence of several
oxide/sulfide and transition-metal-containing chemistries, in-
cluding records containing S, Cr, Mg, Co, V, W, Mn, O, Ti,
Fe, Ni and Mo. We interpret these trends as indicators of more
challenging relaxation landscapes for the fixed MLIP-based
workflow, rather than as intrinsic physical instability of these
chemistries.

We also tested the sensitivity of the finite-displacement
amplitude on an unstable-only subset. The subset contains 60
completed-phonon unstable records selected from the original
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0.01 Å workflow spectra, including 15 near-threshold unsta-
ble, 25 shallow soft-mode unstable, and 20 deep-imaginary
unstable structures. To isolate the effect of displacement
amplitude, the relaxed structures were fixed, and only the
phonopy displacement amplitude was changed from the ref-
erence value of 0.01 Å to 0.02 Å and 0.03 Å. The Matter-
Sim calculator, 2×2×2 supercell, force-constant symmetriza-
tion, seekpath high-symmetry path, and −10−3 THz stabil-
ity threshold were kept unchanged. All 120 recalculations
completed successfully. The unstable label was preserved for
59/60 cases at 0.02 Å and 57/60 cases at 0.03 Å. All 20 deep-
imaginary cases remained unstable at both larger amplitudes,
whereas the few label flips occurred only in near-threshold or
shallow soft-mode cases. This result supports the use of 0.01 Å
as the reference displacement amplitude for the released work-
flow, while reinforcing the need to treat borderline soft modes
as workflow-sensitive records.

8. Benchmark tasks and reuse
PhononBench-MP40 is useful as a data release because

spectra, labels and accounting are distributed together. It can
also be used as a benchmark target because the completed
cohort and label rule are fixed. For users who wish to com-
pare models under a shared setting, we provide a determinis-
tic formula-group reference split, while recognizing that it is
not the only valid way to use the release. The split assigns
37633 training records, 4724 validation records and 4542 test
records so that every one of the 35348 formula groups appears
in exactly one partition. This prevents exact-formula leakage
and gives future studies a common starting point. If external
materials databases are used for pretraining or feature genera-
tion, overlap with test structures, formulas or Materials Project
identifiers should be reported because it changes how model
scores should be interpreted. Split construction and report-
ing suggestions are detailed in the supplementary information,
Sections S5 and S7.

The most direct benchmark task is PhononBench-defined
stability classification on the completed label + YAML co-
hort. Since the completed cohort is imbalanced, with 30216
completed-phonon unstable records and 16683 stable records,
accuracy alone is not a sufficient metric. Balanced accu-
racy, macro-F1, AUROC, AUPRC, and class-specific recall
are more informative for future comparisons. The released
spectra also support ωmin prediction and threshold-dependent
relabeling. Separately, the 1067 relaxation failures define a
failure-aware triage problem: predicting whether a workflow
produces an auditable spectrum is useful, but it should not be
confused with predicting a completed phonon instability.

For reproducible baseline reporting, we recommend that
future model reports include at least one simple composition-
only baseline, one structure-aware baseline and, when com-
putationally feasible, a graph-neural-network baseline such as

CGCNN, MEGNet or ALIGNN.[37–39] The purpose of these
baselines is not to rank all model families in the present data
paper, but to make the benchmark entry point clear: the split,
labels, frequency target and failure-aware task are fixed, while
methods can be compared under transparent reporting rules.
The supplementary information, Section S7, lists the recom-
mended baseline protocol and metrics.

This benchmark should be interpreted with the right
boundary. PhononBench-MP40 does not claim model-
independent absolute dynamical stability. It fixes a doc-
umented PhononBench/MatterSim–phonopy reference work-
flow. Other potentials, denser sampling, larger supercells, an-
harmonic treatments, or first-principles phonon calculations
may change borderline spectra. That limitation is also why
the YAML object is released: users can inspect imaginary
branches, measure threshold sensitivity, and validate high-
confidence candidates with the workflow or higher-fidelity cal-
culations when needed. Additional interpretation boundaries
are summarized in the supplementary information, Section S8.

9. Relation to machine-learning targets
Materials machine learning increasingly relies on fixed

tasks, transparent splits, and reproducible metrics, as illus-
trated by Matbench, Matbench Discovery, and OC20.[40–42]

PhononBench-MP40 brings the same logic to workflow-
defined phonon stability while retaining the spectral ev-
idence behind each target. Descriptor-based materi-
als learning, matminer workflows, crystal graph neural
networks, SchNet, MEGNet, and ALIGNN are natural
model families for future structure-to-label and structure-
to-frequency studies.[37–39,43–45] Universal interatomic poten-
tials such as M3GNet, CHGNet, NequIP, MACE, and Mat-
terSim have made large atomistic workflows increasingly
practical.[33,46–50] Recent work also shows that phonons re-
main a demanding and informative test for such models.[51]

PhononBench-MP40 gives this ecosystem a concrete refer-
ence target for phonon-stability screening: not an informal
pass/fail label, but a spectrum-backed workflow result. The
present release does not rank model families; it supplies the
shared target, split files, and spectral evidence needed for fu-
ture comparisons.

10. Usage notes and limitations
The release is intended for three common entry points.

First, users can read the completed table, follow the
yaml relative path field to a phonopy YAML file, re-
construct the released dispersion and reproduce the label rule.
Second, benchmark users can join the completed table with the
reference split table and evaluate models on the fixed formula-
group split. Third, workflow users can combine the completed
table and the failure table to study whether a structure is likely
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to produce an auditable phonon spectrum under the reference
route.

Several limitations should be retained in downstream use.
PhononBench-MP40 is not a universal statement about ther-
modynamic stability, finite-temperature stability or DFT-level
phonon stability. It records the result of a specified MP-
derived PhononBench/MatterSim–phonopy workflow, a speci-
fied supercell choice, a specified path sampling procedure and
a specified numerical threshold. Borderline structures, espe-
cially those with shallow soft modes, should be treated as
candidates for follow-up calculation rather than final physi-
cal classifications. The released spectra and failure account-
ing are meant to make these limitations measurable instead of
hidden. The additional supercell- and displacement-amplitude
robustness tests further support this interpretation: clear deep-
imaginary cases are more robust under the tested workflow
changes, whereas near-threshold and shallow soft-mode cases
remain the sensitivity-dominated regime.

11. Conclusion
PhononBench-MP40 converts a large MP-derived

PhononBench calculation into a reusable spectrum-resolved
benchmark dataset for workflow-defined phonon stability.
The main release contains 46899 completed label + YAML
records, including 16683 stable records and 30216 completed-
phonon unstable records, with 1067 relaxation failures re-
ported separately. Its central contribution is the release ob-
ject: labels, spectra, splits and failure accounting are kept
together, so each completed stability decision can be traced
back to phonon evidence. This makes PhononBench-MP40
useful for stability classification, minimum-frequency analy-
sis, threshold-dependent relabeling and failure-aware screen-
ing, while making the reference workflow and its boundaries
explicit.
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Shysheya A, Crabbé J, Ueda S, Sordillo R, Sun L, Smith J, Nguyen B,
Schulz H, Lewis S, Huang C W, Lu Z, Zhou Y, Yang H, Hao H, Li J,
Yang C, et al. 2025 Nature 639 624

[5] Jain A, Ong S P, Hautier G, Chen W, Richards W D, Dacek S, Cholia
S, Gunter D, Skinner D, Ceder G and Persson K A 2013 APL Mater. 1
011002

[6] Curtarolo S, Setyawan W, Hart G L W, Jahnátek M, Chepulskii R V,
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