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Abstract:

We can now watch planets taking shape around other stars as it happens. With tools like ALMA and the
James Webb Space Telescope, astronomers get an up-close look at young star systems. For example,
HOPS-315—a protostar—has hot silicate minerals forming in its disk. They remind us of the calcium—
aluminume-rich inclusions found in ancient meteorites from our own Solar System.

In this paper, | line up HOPS-315’s features against the Solar Nebula model and meteorite data. The
parallels—Ilike the spinning disk and those early, high-temperature solids—make it pretty clear our Solar
System likely formed through the same steps we’re now seeing unfold in new stars.

1. Introduction

Understanding how planets form is one of the main goals of modern astronomy. However, since our Solar
System formed about 4.6 billion years ago, we cannot directly observe its formation. Instead, astronomers
study very young stars in other regions of space.

Powerful telescopes like ALMA can image disks of gas and dust around newly formed stars. These disks
are important because they are the places where planets begin to form. For example, images of HL Tauri
show clear rings and gaps, which are believed to be caused by forming planets.

One particularly interesting system is HOPS-315, a very young protostar located in the Orion Molecular
Cloud. Observations using ALMA and JWST suggest that this system is in an extremely early stage of
planet formation. Studying HOPS-315 gives us a rare opportunity to understand what the early Solar
System might have looked like.

The aim of this paper is to compare observations of HOPS-315 with current models and evidence of Solar
System formation.

2. Observations of the Protostar HOPS-315

HOPS-315 is classified as a very young “Class I”” protostar and is still surrounded by a dense disk of gas
and dust. Observations from ALMA show features such as jets and outflows, which are commonly seen
in young stellar objects. These include streams of gas moving away from the star, as well as a rotating
disk where material is slowly settling.

One of the most important findings comes from JWST, which detected hot silicate minerals forming in
the disk. This means that solid particles are beginning to condense out of the gas, even at this early stage.
These solids are considered the building blocks of planets.

Additionally, the presence of silicon monoxide (SiO) in both gas and solid form suggests that parts of the
disk are extremely hot—over 1000 K. This is significant because similar high-temperature conditions are
believed to have existed in the early Solar System when the first solids formed.
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3. Formation of the Solar System

The standard Solar Nebula Theory says our Sun and planets formed from a collapsing cloud of gas and
dust. As the nebula collapsed, conservation of angular momentum made it spin faster and flatten into a
disk with the forming Sun at the center. In that disk, temperatures were highest near the newborn Sun and
fell off with distance. Close to the Sun, only rocks and metals could condense into solids; farther out, it
became cool enough for volatile compounds (ices) to freeze. This temperature gradient (with a “frost line”
around 2.7 AU from the Sun) helped set the pattern of rocky inner planets and ice/gas outer planets we
see today. Over time, dust grains in the disk stuck together into kilometer-sized planetesimals, which then
collided and merged to form the planets.

Evidence for this model is preserved in meteorites. Primitive meteorites called carbonaceous chondrites
contain tiny high-temperature grains called calcium-aluminum-rich inclusions (CAls). CAls are among
the first solids that condensed from the solar nebula gas. They have been dated to about 4.57 billion years
ago, making them the oldest known Solar System materials. For example, the Allende meteorite (a large
carbonaceous chondrite) is famous for its abundance of CAls. These meteorites are essentially “leftover”
building materials from the planet-forming era. Because CAIls formed by vaporizing and then
recondensing hot gas, they record the early chemistry of the disk. Scientists therefore use CAl ages and
compositions to reconstruct the timing and conditions of the Solar System’s formation.

4. Comparison Between HOPS-315 and the Early Solar System
The case of HOPS-315 shows many parallels with our own solar nebula. Both involve a young star with
a rotating disk where solids are beginning to form. Table 1 summarizes some key features:

Feature HOPS-315 Early Solar System
Star age < 1 million years (very young protostar)  ~4.6 billion years ago (formation time)
Disk presence  Observed directly by ALMA/JWST Inferred from theory and meteorites

Refractory solids Detected by JWST as condensing minerals Found as CAls in meteorites (e.g. Allende)
Formation stage Very early (planet formation just begun) Inferred from models and meteoritic data

These similarities make HOPS-315 look like a pretty good stand-in for our early Solar System. ALMA
spots a gas disk circling HOPS-315, just like the one models say surrounded our young Sun. There’s also
the high-temperature silicate dust—those SiO-based minerals—showing up around HOPS-315, which
lines up with the CAI minerals we find in ancient meteorites. So in both cases, you have a newborn star
and the very first solid stuff forming in the disk around it. The chemistry and what’s actually happening—
hot minerals forming, a disk sitting about as far out as our asteroid belt—really lines up. All this points to
planet formation in our Solar System following the same steps we’re seeing play out around HOPS-315.

5. Implications for Understanding Solar System Formation

Studying HOPS-315 gives important insights. In particular, it shows that planet formation starts very early,
practically as soon as the star is born. ALMA’s lead researcher McClure says this is “the earliest moment
when planet formation is initiated around a star other than our Sun”. This means the first pebbles and
planetesimals can appear quickly in the protostellar disk. Such rapid start supports modern models where
dust growth and solid condensation happen fast in young disks. It also increases our confidence in the
nebular theory: the fact that we see a disk around HOPS-315 matching theoretical expectations means the
same physical processes likely built our planets. In other words, HOPS-315 serves as a “baby Solar
System” experiment. As ESO astronomer Humphreys puts it, this work highlights that HOPS-315 can be
used to understand how our Solar System formed. Seeing these parallels reinforces the idea that our planets
formed through common cosmic patterns of disk collapse and grain condensation that occur around many
stars today.
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6. Limitations and Future Research

. Observational challenges: HOPS-315 is still deeply embedded in its natal gas and dust, which
can obscure details. In fact, most protostars are so shrouded that we can only see them at special angles.
HOPS-315 happens to be oriented so that we have an unusually clear view of its inner disk. This means
other systems might not be as easy to observe, and HOPS-315’s case may be somewhat unique.

. System-to-system variations: Every star-forming region has its own conditions (mass, cloud
density, radiation, etc.). HOPS-315’s disk environment may differ from the Solar System’s original disk
in ways we cannot measure directly. Thus we must be cautious about generalizing from one example.

. Future observations: More data and more targets are needed. Higher-resolution observations with
JWST and ALMA (and future telescopes) could reveal finer details of mineral formation. Surveys of other
young protostars will show how common HOPS-315-like disks are. By comparing many systems,
astronomers can determine whether the processes seen in HOPS-315 really represent a typical path to
planet formation.

7. Conclusion

Looking at HOPS-315, we get a real glimpse into how planets start coming together. When we stack up
what we see here against computer models and the evidence from meteorites, it’s wild how much this
system has in common with the early Solar System. You’ve got a young star, a spinning disk around it,
and those hot minerals forming close to the center—pretty much the same setup as what kicked things off
for us. That connection tells us the process that built our Solar System is still playing out elsewhere in the
universe. HOPS-315 pulls theory and real-world data closer together, making it easier to see how planets
actually form.
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