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Stellar feedback is a crucial mechanism in galactic evolution, as demonstrated
by the widespread bubbles observed with JWST. In this study, we combine data
from Gaia and LAMOST to obtain a sample of young O-B2 stars with full three-
dimensional velocity information. Focusing on the largest known superbubble
in the Milky Way, we identify groups of O-B2 stars at its periphery, exhibiting a
transverse velocity of 25.8 km s™ and an expansion velocity of 6.2 kms™. Using
these velocities, we calculate a crossing time ¢.ss = 20 Myr and an expansion
timescale fexpansion ® 80 Myr. We estimate a survival timescale 5yrvival = 250 Myr
and a supernova interval tgy = 0.1 Myr. Together with the Galactic shear
timescale tyhear = 30 Myr, these values satisfy oy < Egpear < Esurvival- 10€ €NErgy
and momentum from supernovae are sufficient to sustain the bubble’s growth
against ambient pressure. This indicates that repeated supernovae replenish
energy faster than shear and turbulent distort the cavity. Our analysis classifies
the Giant Oval Cavity as a large, quasi-stationary superbubble, similar to the
Phantom Bubble observed by JWST, stabilised by the interplay between stellar
feedback and Galactic disk dynamics.

The structure and kinematics of spiral arms are fundamental to
understanding the formation and evolution of the Milky Way'. Spiral
arms play a critical role in star formation by concentrating gas and dust
into regions of high star-forming activity’*. Investigating these struc-
tures provides key insights into the Galaxy’s overall dynamics and the
processes driving its evolution®®. Both observational studies and
theoretical models suggest that spiral arms are dynamic and transient
features that significantly influence the spatial distribution and motion
of stars and interstellar matter®'.

Star formation in the Milky Way begins with the collapse of
molecular clouds, but this process is strongly regulated by stellar
feedback ™. Stellar feedback disrupts molecular clouds, thereby
influencing the efficiency of star formation'*”. It also injects energy
into the interstellar medium (ISM), sustaining turbulence and driving
large-scale processes within the ISM'**®, The impact of stellar feedback

is particularly evident in the widespread presence of bubbles observed
throughout galactic disks, as recently highlighted by James Webb
Space Telescope (JWST) observations®. The size distribution of the
bubbles detected by JWST exhibits a secondary peak and a trailing
extension at large radii, with these features becoming more pro-
nounced at greater galactocentric distances?. However, their physical
properties remain poorly understood due to observational limitations.
Superbubbiles in the Milky Way, particularly those in the Solar neigh-
borhood, thus provide rare, kinematically resolved benchmarks for
studying superbubble evolution.

The Sun is located within a superbubble known as the Local
Bubble, which is associated with the Local Arm of the Milky Way***. By
analyzing the three-dimensional (3D) distribution and motions of
young stars, dust, and gas, we can identify large-scale structures such
as superbubbles. These structures are shaped by the combined effects
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of stellar winds and supernova explosions, offering valuable insights
into the feedback mechanisms that sculpt the ISM and influence the
evolution of spiral arms. Despite their importance, comprehensive
studies of superbubbles in spiral arms beyond the Local Arm remain
limited. Recent advancements in observational astronomy, particu-
larly through large-scale surveys such as Large Sky Area Multi-Object
Fiber Spectroscopic Telescope (LAMOST)*>*¢ and Gaia”’*, have sig-
nificantly enhanced the accuracy of stellar position and velocity mea-
surements in the Milky Way. These improved datasets have deepened
our understanding of spiral arm structures and underscored the role of
young massive stars as key tracers of Galactic dynamics. In particular,
the Perseus arm—one of the Milky Way’s major spiral arms and the
closest spiral arm in the outer Galaxy—has garnered attention due to its
complex interactions and unique kinematic properties.

Results

0-B2 stars in the Perseus arm

We have compiled a comprehensive catalog of 369 very young
(age <20 Myr), massive O- and early B-type (O-B2) stars, using data
from the LAMOST and Gaia surveys. These stars are associated with the
Perseus arm, located within 0.5 kpc of the arm’s model in the Galactic
XY plane. The spatial distribution of these stars exhibits clear cluster-
ing, corresponding to the structure of the Perseus arm, as shown in
Fig. 1. The 3D positions and velocities of these stars provide significant
insights into the kinematic properties of the Perseus arm and the
underlying mechanisms that influence the spatial distribution and
motion of stars and interstellar matter.

In the outer Galaxy, the Perseus arm is primarily traced by six
prominent OB associations, spanning the Cassiopeia, Perseus, Auriga,
Gemini, and Orion regions. The average peculiar velocity of stars
within the Perseus arm is ~-16 kms™ in the XY plane, consistent with
velocities observed in high-mass star-forming regions via maser
measurements®’. These peculiar motions allow us to explore dynamic

trends within each OB association. Our analysis reveals the presence of
the largest known superbubble in the Milky Way, referred to as the
Giant Oval Cavity®. This structure spans across the Perseus arm, with a
diameter exceeding 1kpc. It is primarily bordered by the Cassiopeia
and Auriga OB associations in the Galactic plane, while the Perseus OB
association lies below the plane.

The Giant Oval Cavity is a slow-expanding superbubble
The Giant Oval Cavity extends across Galactic longitudes of ~100° to
150°, as shown in Fig. 1. Within this region, at |Z] <100 pc, the Cassio-
peia and Auriga Peninsula groups exhibit coherent XY motions direc-
ted outward from the cavity. This pattern strongly suggests an
expansion phase for the superbubble. The observed stellar velocities
result from a combination of their peculiar velocities and the expan-
sion velocity of the surrounding cavity. To quantify these motions, we
calculated the median velocities of the Cassiopeia and Auriga Penin-
sula groups and decomposed them into two components: a shared
peculiar velocity and two oppositely directed components represent-
ing expansion from the cavity center. This decomposition is depicted
in the right panel of Fig. 1. From our analysis, we derived an expansion
velocity Of Vexpansion = 6.2+2kms™ and a shared peculiar velocity of
Uparalie = 25.6 = 3 km s™'. The expansion velocity of the Giant Oval Cavity
is consistent with measurements for the Local Bubble, which has an
expansion velocity of -5.5 kms™'°. However, the Giant Oval Cavity is
significantly larger, with a diameter of ~1kpc compared to the ~200 pc
diameter of the Local Bubble”.

In Fig. 2, we provide an edge-on view of the selected O-B2 stars.
The Auriga peninsula, Perseus, and Cassiopeia OB groups form a
continuous arc-like structure. The Auriga peninsula group is pre-
dominantly located near the Galactic plane, at Z= 0, while the Perseus
group is situated below the plane, at Z< 0, forming the southern seg-
ment of the Giant Oval Cavity. The Cassiopeia group exhibits a vertical
distribution rising to the plane. This arc is primarily found on the
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Fig. 1| Face-on view of O-B2 stars' kinematics and gas distribution. Left panel:
spatial distribution of O-B2 stars (blue dots) within 0.5 kpc of the Perseus Arm in the
Galactic XY plane. The Sun (green pentagram) is positioned at (X, ¥) = (=8.34, 0) kpc.
OB associations follow the nomenclature of K. Jardine (http://gruze.org/
galaxymap/map_2020/). Cyan dashed lines indicate Galactic longitude directions
[=90°,180°, and 270°. Right panel: A zoomed-in view of the XY velocity vectors of
0-B2 stars near the Galactic plane, focusing on the region surrounding the Giant
Oval Cavity (cyan arrows). Median velocities of the Cassiopeia and Auriga Peninsula
groups (magenta arrows) are decomposed into a common peculiar velocity and

two oppositely directed expansion components (red arrows). Velocities are shown
for stars within 100 pc of the plane, excluding a few outliers. The black arrow (lower
left) denotes a 20 km s™ reference velocity. Blue ellipses delineate the Cassiopeia
and Auriga Peninsula groups. The grayscale map (ranging from O to 0.5 magpc™)
and contours (0.005 and 0.01 mag pc™) show differential extinction 64, at 550 nm
from ref. 30. The cavity center, defined as the centroid of the low-dust region
(6Ap < 0.005 mag pc™), is marked by a red cross. Source data are provided as a
Source Data file.
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Fig. 2 | Side view of the superbubble. The upper two panels display the vertical
positions (2) and vertical velocities (V) along the Perseus arm. The X’ axis origi-
nates from (X, ¥) =(-8.8, 4.2) kpc and follows the orientation of the Perseus arm.
0-B2 stars located within the Perseus arm and the vicinity of the superbubble are
shown in blue and red, respectively. Error bars indicate the uncertainties in position

and velocity measurements. The orange and cyan curves represent the smoothed
profiles of Z(X") and V ,(X"), with shaded regions indicating the 1o confidence
intervals. For comparison, the bottom panel shows the normalized smoothed
profiles. Gray dashed lines denote Z=0 and V= 0. Source data are provided as a
Source Data file.

southern side of the Galactic plane, extending to -Z--270 pc at its
southernmost point, which is significantly higher than the typical scale
heights of the Milky Way’s molecular gas disk, estimated to be
40-70 pc*%,

Additionally, Fig. 2 shows the vertical velocity field associated with
this large arc. Our analysis reveals a consistent vertical velocity pattern,
with minimal oscillatory behavior. The O-B2 stars in the Auriga
Peninsula group exhibit near-zero vertical velocities, while those in the
Perseus group have notably negative velocities, indicating a rapid
outward movement away from the Galactic plane. The Cassiopeia
group shows a clear gradient in vertical velocities, with stars moving
away from the plane at decreasing speeds as their distance from the
Galactic plane decreases. A comparison of the vertical velocity and
positional distributions reveals a striking agreement, with no dis-
cernible phase difference, suggesting that the arc is in a stable
expansion phase. The estimated vertical expansion velocity of the
superbubble is -8.5kms™, which is comparable to its horizontal
expansion velocity.

The Giant Oval Cavity, identified as a -1kpc scale region with
reduced dust density®, is likely the largest known superbubble in the
Milky Way disk. It represents an extreme example of stellar feedback-
driven structures in disk galaxies. Interest in such large superbubbles
has grown considerably following the identification of many similar
features in external galaxies like NGC 628%°. Several nearby stellar
groups—specifically the Cassiopeia, Perseus, and Auriga Peninsula—
exhibit positions and motions consistent with expansion driven by
feedback from this cavity. In contrast, other groups along the Perseus

arm, including Auriga, Gemini, and Outer Orion, show no evidence of
such organized expansion. The absence of coherent radial motion in
these groups, combined with the precise geometric alignment of
expanding stars along the cavity boundary, suggests that these
expansion patterns are not the result of random Galactic disk
dynamics. Instead, they appear to be a direct consequence of the
cavity’s influence. This disparity suggests a direct link between the ISM
structure and the dynamics of associated stellar populations.

Observational data reveal a coherent expansion pattern, an
organized velocity structure, and spatial undulations along the cavity’s
boundary. These features support the interpretation of the cavity as a
uniformly expanding superbubble. With an approximate diameter of
1kpc and a current expansion velocity of -6.2kms™, its estimated
dynamical age, based on a simple R/v calculation, is approximately
Eexpansion = 5oier =80 Myr. This makes it one of the oldest known
superbubbles in the Galaxy, approximately four times older than the
Local Bubble.

Theoretical framework for bubble stability

We propose that the Giant Oval Cavity belongs to a class of quasi-
stationary bubbles whose boundaries are sustained by a dynamical
balance between external gas inflow and energy input from super-
novae occurring within the cavity. The cavity is sufficiently large that
numerous supernovae are expected to explode inside it before
Galactic turbulence and shear can erase the structure. In galactic
disks, molecular gas has a typical velocity dispersion of ~4 kms™3,
This velocity sets the rate at which turbulent gas flows can erode
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bubble boundaries. The corresponding survival timescale of a bubble
is given by

t — lbubble
survival — 0Oy disk
v, dis

@
where luppie i the characteristic size (i.e., diameter) of the bubble and
0y qisk IS the velocity dispersion of the surrounding medium. Applying
this to the Local Bubble and the Giant Oval Cavity yields:

2)

Esurvival, LocalBubble = 50 Myr

3)

tsurvival,GiantOvaICavity =250 Myr .

A bubble can retain its structure if a supernova explodes within it
before it is eroded by turbulence. To estimate the supernova time-
scale, we assume a surface density of 5 M, pc?* and a gas depletion
time of 2.5 Gyr*® for the solar neighborhood. This implies a star for-
mation rate of 2 M, pc?Gyr™. Assuming one supernova occurs per
150 M, of star formation®, the local supernova rate is:

ngy=0.01pc~2Gyr ! . )

The time between supernova events within a bubble of size [, ppie is
then given by:

1
tn=17 : Q)
loubbleMsn
Substituting characteristic sizes gives
tSN, Local Bubble = 25 Myr' (6)
tsN, Giant Oval Caviey = 0-1Myr. (7)

For the Local Bubble, this agrees with the *°Fe isotope records of
nearby supernovae -2-3Myrago® and with its ongoing slow
expansion?. For the Giant Oval Cavity, the implied supernova loading
ratio, *;S%ﬂ' =2500, indicates that a very large number of supernovae
are expected to occur within the cavity over its survival time.

This theoretical picture is supported by numerical simulations
from refs. 39,40, which model galaxies similar to the Milky Way. In
these simulations, supernovae are introduced at rates consistent with
the expected star formation activity of the ISM. The results, shown in
Fig. 3, indicate that small bubbles are typically short-lived, as they

t= 30.8 Myr
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Fig. 3 | Evolution of superbubbles in galaxy-scale simulations. Midplane gas
density from simulations by refs. 39 and 40 are shown. The results demonstrate
that large, stationary bubbles—such as the one marked by the red arrow—maintain
their structure through a balance between gas inflow and local stellar feedback,

t= 34.1 Myr

become filled with dense gas before the next supernova can occur.
However, larger bubbles—often located in the outer regions of galaxies
—remain stable over extended periods.

The stability of the Giant Oval Cavity involves two primary criteria:
temporal and energetic. We compare the supernova replenishment
time, tgy, with the timescale for differential rotation to distort the
cavity, tshear = 30 Myr", and with the turbulent erosion time, tsrvivar.
Supernovae must recur on a timescale shorter than both competing
processes. Our calculated values, tgy < Egpear < tsurvivalr Meet this condi-
tion, indicating that feedback events are sufficiently frequent to pre-
vent the bubble’s disruption. The combined energy and momentum
input from supernovae must be sufficient to create the cavity by
overcoming the gravitational binding energy and turbulent pressure of
the ambient gas, and to offset radiative losses to maintain the cavity’s
expansion over time. As detailed in the Methods, the Giant Oval Cavity
requires ~400 supernovae to be powered. Our estimated supernova
loading of the system satisfies this requirement, confirming that the
energy and momentum budgets are ample. Meeting both the temporal
and energetic criteria indicates that the Giant Oval Cavity is a long-
lived, feedback-driven structure undergoing quasi-stationary expan-
sion. In this regime, Galactic shear deforms the cavity significantly
without erasing it completely, while the bubble evolves through con-
current expansion, contraction, and distortion. Its boundary maintains
a dynamical equilibrium between shear forces, supernova feedback,
and turbulent gas inflow. This explains the irregular boundaries seen in
simulations (Fig. 3).

Several additional factors contribute to this picture. The bubble’s
low-density interior likely reduces star formation rates compared to
Galactic averages, potentially decreasing internal supernova rates.
However, triggered star formation at cavity edges counteracts this by
enhancing stellar birth in compressed shells, which would further
shorten tgy. This aligns with observations showing elevated star for-
mation rates in the Giant Oval Cavity region*>**, consistent with the
feedback-triggered star formation scenario.

Moreover, bubbles exceeding the Milky Way’s gas scale height
(<100 pc) develop chimneys that vent hot gas vertically. Although
tsn<tehear implies feedback-dominated expansion, radial growth might
halt when cavities surpass this scale height. For the Giant Oval Cavity,
vertical venting converts radial momentum into vertical outflows,
limiting lateral expansion while maintaining structural coherence
through continuous feedback. Heat conduction** also contributes to
energy loss, but for larger structures, the relevant surface area—
approximately ryyppiefgisk—iS proportionally smaller relative to their
volume, reducing the overall impact.

Observations of young OB stars located beneath the cavity reveal
vertical velocities directed away from the Galactic plane, consistent
with momentum injection from recent supernovae. This supports a
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while smaller bubbles (purple arrow) are quickly refilled with gas and dissipate
unless a supernova occurs shortly after formation. Source data are provided as a
Source Data file.

Nature Communications | (2025)16:10558


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-025-65591-5

feedback cycle in which massive star explosions initially clear sur-
rounding gas to create the cavity, while subsequent shockwaves
compress nearby clouds, triggering new star formation. Later gen-
erations of supernovae from these young stars then replenish the
system with energy, sustaining its expansion. This process aligns with
our discovery of the ~10 Myr-old clusters observed along cavity edges,
whose velocities match feedback-driven gas motions. We have con-
ducted a detailed calculation of the number of supernovae required to
form and maintain the Giant Oval Cavity. Accounting for the combined
effects of energy injection, radiative loss, and ISM interaction, we
estimate that ~400 supernovae are necessary. This estimate aligns with
predictions from the Kennicutt-Schmidt relation® for star formation
on kiloparsec scales. A complementary estimate, scaling the Local
Bubble’s -20 supernovae’** by the cavity’s fivefold larger radius,
yields about 500 supernovae—in close agreement with our detailed
calculation. These feedback processes inject significant momentum
into the ISM, driving large-scale structures such as gas chimneys that
redistribute material vertically and may play a key role in shaping the
interface between the Milky Way’s disk and halo.

In summary, large bubbles like the Giant Oval Cavity reach a quasi-
stationary state where their boundaries are shaped by a dynamical
balance between mass inflow, galactic shear, and internal supernovae.
Shear continuously deforms the structure, while supernovae within
the cavity counteract this by pushing material outward, maintaining a
quasi-stationary boundary. These findings match galaxy-scale simula-
tions showing that large cavities become long-lived, dynamically
evolving structures capable of migrating within host galaxies. This
framework provides a clear explanation for the nature of giant cavities
such as the Phantom Bubble recently observed by JWST.

Discussions

Ruling out alternative explanations

Alternative explanations for the origin of the cavity include the pos-
sibility that it is a purely gravitational structure, such as an unusually
empty inter-arm region, or a formation related to Parker instability. In
either case, the OB stars would have formed within a pre-existing
underdensity, making it easier to clear material and potentially leading
to a more recent creation of the cavity. However, the spatial correla-
tion between OB stars and the cavity walls alone does not necessarily
imply that the stars formed the entire structure. If the cavity were
simply a quiescent inter-arm region, its kinematics would be expected
to follow the patterns of Galactic rotation and shear. However, the
Cassiopeia and Auriga Peninsula groups exhibit radially outward
velocities (Vexpansion = 6.2 kms™), which deviate significantly from the
expected motions in a passive shear environment. Additionally, the
dust column density within the cavity (64 <0.005magkpc™) is an
order of magnitude lower than that typically observed in inter-arm
regions (-0.2 magkpc™)*®, suggesting an initial underdensity that
would be unusually extreme. The associated stellar population also
shows a distinct difference: stars near the cavity walls are young
(ages < 20 Myr), whereas inter-arm regions are generally populated by
older stars. These contrasts in both kinematics and stellar age strongly
argue against a passive, pre-existing underdensity as the cavity’s origin.

Considering the Parker instability scenario, theoretical models
predict the formation of gas-dominated structures, characterized by
undular modes (wavelength -1kpc)**%. However, the Giant Oval
Cavity displays a smooth, elliptical morphology that does not match
these theoretical predictions. Moreover, the cavity is defined by sig-
nificant dust evacuation and coherent vertical velocity gradients—
features not typically produced by Parker instability, which primarily
organizes gas without clear signatures of stellar feedback.

Further supporting this conclusion, most O-B2 stars in the Cas-
siopeia and Auriga Peninsula groups exhibit radially outward motions
relative to the cavity center. Such coherent kinematics are unlikely to
result from random star formation in a pre-existing void, where more

isotropic velocity distributions would be expected. In contrast, other
nearby OB groups (e.g., Auriga, Gemini, and Outer Orion) do not dis-
play similar velocity alignment. In summary, the combination of
extremely low-dust density, the presence of a young stellar population,
the deviation from shear-driven kinematics, and the organized
feedback-driven morphology collectively argues against the scenarios
of a pre-existing underdensity or the Parker instability. The spatial and
kinematic correlation between the OB stars and the cavity walls pro-
vides strong evidence that stellar feedback is the primary driver of the
cavity’s formation and its ongoing evolution.

Feedback cycle and star formation implications

Finally, the remarkably consistent XY velocities of the Cassiopeia and
Auriga Peninsula groups support the hypothesis that these groups
originated from a single large molecular filament on the kpc scale'®*’.
As this filament traversed the Giant Oval Cavity, it was acted upon by
stellar winds and supernova feedback, which disrupted the filament
and triggered star formation. The filament’s two ends were pushed
apart, eventually fragmenting into the Cassiopeia and Auriga Peninsula
groups. This scenario explains both the observed velocity structure
and the spatial distribution of these groups within the cavity. The
stellar winds and supernova feedback not only disrupted the filament
but also injected energy into the ISM, shaping the dynamics of the
surrounding region. The fragmentation process highlights the role of
feedback in dynamically influencing the formation and dispersal of
star-forming regions on large scales.

Method
Data and sample selection
This study utilizes data from LAMOST DR9 v1.0%, which includes both
low- and medium-resolution spectra obtained by LAMOST between
October 2011 and June 2021. For this work, we focus on the low-
resolution catalog, which contains over 10 million spectra. The low-
resolution spectra have a resolution of R-1800 and cover the optical
wavelength range from 3800 to 9000 A. Additionally, we incorporate
data from Gaia DR3?®, which provides astrometric solutions and broad-
band photometric measurements (G, Ggp, Ggp) for ~1.5 billion sources.
We selected O- and early B-type stars from the combined LAMOST
and Gaia datasets. First, we cross-matched these datasets using a 1.5
search radius. We then filtered stars with parallax uncertainties smaller
than 20%. Distances were calculated from Gaia DR3 parallaxes using a
Bayesian approach®*”!, with the posterior probability given by:

p(d@)=d’ exp <— % (w — @, — %) )p(d), 8)

where o, and @, are the uncertainties and global zero-point offset of
Gaia parallaxes, respectively, and p(d) is the prior on the space density
distribution of the stars. We adopt a zero point of w,,=-0.026 mas
from ref. 52, and the Galactic structure model from ref. 53 as the prior.

In the initial phase of our analysis, we excluded late-type main-
sequence stars using the Gaia color-‘absolute’ magnitude diagram. The
term ‘absolute’ magnitude here refers to a magnitude that accounts for
the distance modulus but does not include corrections for interstellar
extinction. It is calculated as G — 5logd + 5, where d denotes the dis-
tance. As shown in the left panel of Fig. 4, we systematically removed
late-type stars based on their observed colors and ‘absolute’ magni-
tudes. We retained only stars located above the B5V extinction curve,
refining our sample to 57,375 stars.

A significant portion of the sample consisted of late-type giants.
The lack of extinction corrections led to some overlap between early
B-type main-sequence stars and redder giants. To further refine the
selection, we calculated spectral line indices from the LAMOST spectra
for these stars. We computed indices such as Call K, Hg, CN, Ca4227,
G4300, Hy, Fe4383, He4388, Fe4531, HB, Ca4455, He4471, Fe4531,
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B5V and B3V stars, respectively. Right panel: effective temperature versus surface
gravity diagram of the selected OB stars. The vertical line marks Tegr>19,000 K.
Source data are provided as a Source Data file.

He4542, Fe4668, HB, Fe5015, Mgl, Mg2, Mg b, Fe5270, Fe5335, Fe5406,
and Fe5709°*. To derive spectral line indices, we first identify the line
of interest and select two continuum regions on either side of it. A
linear fit is then applied to the flux values in these regions to establish
the pseudo-continuum level. Finally, the line index (i.e., equivalent
width) is computed by integrating the flux difference between the
observed spectrum and the pseudo-continuum across the line’s
wavelength range. Using machine learning techniques, specifically a
random forest classifier, we identified OB stars among the candidates.
Cross-referencing with the Simbad database, we selected 7873 stars
with identified spectral types, including 3529 OB-type stars and
4344 stars of other types. We then trained a random forest classifier
with spectral indices as inputs and spectral types as outputs. The dis-
tinct spectral line features of OB stars allowed the classifier to achieve
an accuracy of 97%. Applying this classifier to the remaining candi-
dates, we identified a final sample of 19,600 OB-type stars.

The primary objective of our study is to isolate very young (with
ages t<20 Myr) O- and early B-type stars (O-B2) to trace the superb-
ubble structure of the Milky Way. For this purpose, we calculated
atmospheric parameters for the 19,600 OB stars identified through
spectral line indices using the HOTPAYNE pipeline®. As shown in the
right panel of Fig. 4, the majority of the selected OB stars are main-
sequence stars with temperatures exceeding 10,000 K. We specifically
focused on stars earlier than B3 in spectral type, with effective tem-
peratures Tee>19,000 K. This rigorous selection process resulted in a
final sample of 1608 unique O-B2 stars.

Three-dimensional position and velocity

To determine the radial velocities of the refined O-B2 star sample,
we analyzed their spectra obtained from the LAMOST telescope.
Using theoretical template spectra for OB stars provided by TLUSTY®,
we performed spectral fitting in the blue wavelength range
(4000-5400 A). This allowed us to accurately derive the line-of-sight
velocities for each OB star. To estimate the uncertainty in radial velo-
cities, we used a Monte Carlo (MC) method based on the spectral
uncertainties reported by LAMOST. Specifically, we added normally
distributed noise to the flux values based on their respective errors,
recalculated the radial velocities 100 times, and derived the standard
deviation of the results as the radial velocity uncertainty.

By combining the distances calculated from Gaia DR3 parallaxes,
the radial velocities obtained from LAMOST, and the positional and
proper motion data from Gaia DR3, we derived the three-
dimensional positions (X, ¥, 2) and velocities (V, V,, V,) for every

star in the sample. In this coordinate system, the X-axis points
towards the Galactic center, the Y-axis aligns with the direction of
Galactic rotation, and the Z-axis points towards the North Galactic
Pole. Similarly, the U-axis is directed towards the Galactic center, the
V-axis follows the Galactic rotation, and the W-axis extends towards
the North Galactic Pole. For this study, we adopted the following
reference values for the solar neighborhood: the Sun’s position is
Xo, Yo, Zo)=(-8.34, 0, 0.025) kpc?**8, with local standard of rest
(LSR) velocities of (Uy, Vo, Wy)=(11.69, 10.16, 7.67) kms™, Oort
constants (4, B) = (16.31, —11.99) km s kpc™, and the Sun’s rotational
velocity Visg=231kms™%, Using these values, we calculated the
peculiar velocities for each star by subtracting the LSR motion,
Galactic rotation, and shear effects'.

The spatial distribution of the selected O-B2 stars in the Galactic
X-Y plane is shown in the left panel of Fig. 5. Due to the observational
footprint of the LAMOST survey, most of these stars are situated in the
outer Galactic disk. The majority of the young O-B2 stars exhibit a
clustered distribution, while those at larger distances appear more
dispersed, likely due to greater uncertainties in the distance estimates.
Among OB associations with well-determined distances within 3 kpc,
the spatial arrangement of stars clearly reflects the spiral arm
structure?. In particular, we observe distinct concentrations of OB
stars aligned with the Orion and Perseus arms of the Milky Way.

0-B2 stars associated with the Perseus arm

We identified a subset of O- and early B-type stars associated with the
Perseus arm of the Milky Way. This selection was based on the Perseus
arm model described by ref. 21. Specifically, we selected stars located
within 0.5 kpc of the Perseus arm in the Galactic X-Y plane. This cri-
terion resulted in a sample of 369 O-B2 stars.

The spatial distribution of these stars, as shown in the left panel of
Fig. 5, supports their association with the Perseus arm. A detailed
catalog of these stars is available online at the following URL: https://
paperdata.china-vo.org/diskec/obsamp/ob2perseus.fits. This catalog
offers comprehensive data for each star, including celestial coordi-
nates, the signal-to-noise ratio of the LAMOST spectra, distance esti-
mates, parallax values, proper motions, radial velocities, and
associated uncertainties.

The right panel of Fig. 5 displays the peculiar velocity vectors of
stars associated with the Perseus arm and located within 100 pc of the
Galactic midplane, in the X-Y plane. These velocity patterns provide
insight into the local kinematics of OB associations along the arm. A
clear contrast emerges: stars near the Giant Oval Cavity—particularly
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Fig. 5 | Distribution of O-B2 stars in the XY plane. Left panel: spatial distribution
of the selected O-B2 stars in the Galactic XY plane. The Sun, located at

(X, V) =(-8.34, 0) kpc, is marked by a green pentagram. The background grayscale
represents the dust distribution from ref. 30. Solid blue lines delineate the best-
fitting spiral arm models for the Local and Perseus Arms from ref. 21, with dashed
lines showing the 0.5 kpc range around the arm models. Right panel: peculiar

velocity vectors of O-B2 stars associated with the Perseus Arm and located within
100 pc of the Galactic midplane. Stars near the Giant Oval Cavity are shown as red
arrows, while other stars are shown as blue arrows. Some stars with exceptionally
high velocities are not shown for clarity. The black arrow at the lower right repre-
sents a reference velocity of 20 kms™. Source data are provided as a Source

Data file.

those in the Cassiopeia and Auriga Peninsula regions (marked with red
arrows)—exhibit coherent radial expansion away from the cavity cen-
ter. In comparison, stars in other parts of the Perseus arm, such as
Auriga, Gemini, and Outer Orion (blue arrows), display more irregular
motions without any systematic radial expansion.

Uncertainties of the expansion and peculiar velocities

To estimate the uncertainties of the expansion and peculiar velocities
of the OB stellar groups associated with the Giant Oval Cavity, we
employed an MC approach based on the uncertainties of the three-
dimensional positions and velocities of the individual O-B2 stars. In this
method, we perturbed the measured positions and velocities by add-
ing random noise consistent with their observational errors and
recalculated the expansion and peculiar velocities across 300 realiza-
tions. The standard deviations of these resultant velocities were
adopted as the uncertainty estimates: ~2kms™ for the expansion
velocity and 3 kms™ for the peculiar velocity.

Smoothing of vertical position and velocity profiles

To derive smoothed profiles of the vertical positions (2) and vertical
velocities (V) as functions of X', we utilized the smoothfit Python
package, which applies constrained optimization techniques for
smooth curve fitting. Specifically, we performed one-dimensional
smoothing spline fitting using smoothfit .fit 1d. The fitting was con-
ducted over the relevant range using 1000 evenly spaced evaluation
points, linear basis functions (degree=1) to ensure piecewise con-
tinuity, and a regularization parameter A= 0.1 to balance between fit-
ting accuracy and smoothness.

To assess the uncertainties of the smoothed profiles, we imple-
mented 1000 nonparametric bootstrap resamplings of the original
dataset. Each resampled dataset was smoothed using the same method,
and the 1o confidence intervals were computed from the pointwise
standard deviations of the ensemble of smoothed curves.

Number of supernova events

To estimate the number of supernovae needed to create and maintain
a superbubble in the Galactic disk, we modeled the bubble as an oblate
spheroid with an in-plane radius of R =500 pc and a vertical height of
h=100 pc, reflecting the disk’s thin structure. The volume V of the
bubble is calculated as V=%4nR’h, yielding V~31x10%cm’. Our

energy budget includes three components: gravitational binding
energy (Eping), turbulent pressure energy (E.v), and radiative cooling
losses (Ejgss)., First, Eping is derived from the standard relation
Epind= %%. Assuming a gas surface density of 2,=10 Mg pc?,
resulting in Eping=6.3x10%"erg. Second, E..p is computed as
Evurb = Eurp V- We have &, = 190602, with number density no=1cm™
and velocity dispersion 6v =10 km s™, giving Fy., = 2.5 x 10™ erg. Third,
Eioss is calculated as Ej =n§A(T)VteXp, using electron density
n,=0.01cm? (for dilute hot gas at T-10°K), cooling function
A(T)=10"erg cm’s™, and expansion timescale ,,, =80 Myr, yielding
Eioss=7.8x10%erg.  The  total energy requirement s
Eiota = 8.7 X 10%2 erg. Assuming each supernova releases E. SN= 103 erg
with a coupling efficiency of 20%, this leads to a required number of
supernovae as Ngy = 435.

This supernova number aligns with the expected output from a
stellar population with a mass of M-~10°M,, based on a standard
Salpeter initial mass function (IMF) that assumes an average of one
supernova per 150 M, of formed stars”. The Kennicutt-Schmidt (KS)
relation®® estimates a star formation rate surface density of:

14
Yop ©2.5%x107* (ﬁ) M, yr-'kpc 2. For %,=10 M, pc? over a

period of 80 Myr, this results in a stellar mass of M.~ 4 x10° M, cor-
responding to approximately 2600 supernovae. This value is slightly
higher but remains consistent with our estimate, considering uncer-
tainties in supernova feedback efficiency and the stochastic nature of
IMF sampling,.

Data availability

The Gaia DR3 is publicly accessible through the Gaia Archive. Spectro-
scopic data from the LAMOST DR are available on the official LAMOST
data portal. A catalog containing detailed information on 369 O-B2 type
stars, used in this study, can be accessed at the following URL: https://
paperdata.china-vo.org/diskec/obsamp/ob2perseus.fits. Source data
are provided with this paper.

Code availability

The analysis in this work was carried out using several open-source
Python packages, including Astropy, smoothfit, emcee, galpy,
scipy, and scikit-learn. The visualization and data exploration
tool TOPCAT was also employed.
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