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Stars in the universe do not always have planets revolving around them, raising a question about the factors that influence planet
formation in both positive and negative ways. This literature review elaborates and explores reasons why some stars can’t
host planetary systems. To investigate, NASA websites and astronomical articles were used. There is a focus on the factors
influencing stellar metallicity, binary star systems, various cosmic phenomena and cosmic dynamic disruptions like gravitational
slingshots. Findings elucidate that low metallicity reduces heavy elements, which restricts planet formation, and binary star
systems with intense radiation disrupt planetary disks. Finally, many results imply that a combination of physical factors and
environmental effects determine whether planets evolve around a star, providing an insight into the intricacy of planet formation
in intergalactic space.
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Introduction

The night sky is filled with billions and trillions of stars1, lead-
ing us to wonder if each of them has planets revolving around
them just like our solar system. Over the last three decades,
scientists have conducted various studies and investigations
and already have discovered thousands of planets in the uni-
verse. On the other hand, scientists have also discovered many
stars drifting alone in the nothingness2, which raises a fasci-
nating but important question: “Why isn’t every star part of a
planetary system?”

The formation of a star includes the formation of a sur-
rounding disc consisting of gas and dust, called the protoplan-
etary disk3. Under the right stellar environment, planets can
form around the stars in the discs, forming planetary systems.
However, this formation of a planetary system is blocked by
various conditions, like the star not being able to keep the disc
long enough to support planet formation, the formation of bi-
nary companions or triplets, and furthermore, gravitational in-
teractions in star clusters due to a third-party celestial body4.
Moreover, some stars drift alone in the darkness and get or-
phaned from their galaxies and star clusters due to supernovae
or black hole slingshots5.

Additionally, our observations are limited by the tools uti-
lized and several biases. For instance, Malmquist bias restricts
scientists to detect the brighter and bigger stars, overlooking
the existence of the fainter ones, which may or may not have
planets around them6. This literature review research paper
will explore why some stars don’t share their journey with
planets.
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Methodology

This study employs a structured literature-review methodol-
ogy to address the question: Why Isn’t Every Star Part of a
Planetary System? This study relies exclusively on secondary
sources, utilizing existing research of star formation, proto-
planetary disks, and stellar environments, rather than the col-
lection of new primary numerical data.

A systematic study was conducted using Google Scholar as
the primary research engine. Key terms include stellar metal-
licity, planet formation and stability, binary star systems, and
orphaned/rogue stars. Titles, abstracts, and keywords were
synthesized to shortlist peer-review research journals. Addi-
tionally, NASA-hosted webpages were used to obtain sum-
maries of results and mission-based findings.

Thematically, an outline of the research paper was devel-
oped, which progressed from general processes to key dy-
namic factors that hinder certain stars from hosting planetary
systems. As the methodology is based on secondary sources,
the conclusion is layered due to selection biases and detection
limits of the original surveys, yet this approach provides a de-
tailed evidence-based explanation for the respective research
question.

How Do Planets Form Around Stars?

Planets form around the stars in regions called protoplanetary
disks. Protoplanetary disks quickly form due to the initial col-
lapse of a molecular cloud, and the density of the center in-
creases rapidly7, followed by the formation of a protostar in
the center, which continues the accretion of material from the
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surrounding disk. Planets form by the clumping of the left-
over ice and dust around a newly created protostar by a pro-
cess called accretion. Then, the clumps grow further to form
larger bodies called planetesimals or protoplanets8. The plan-
ets closer to the star experience very high temperatures, al-
lowing the metallic elements to condense, and making them
small, hard, and rocky. While the planets are very far away
from the star, beyond the frost line in a protoplanetary disk
envelope which contains a huge number of gases, forming gas
giants like Jupiter and Saturn9.

Figure. 1 An artist’s illustration giving a simple overview of the
main regions of a protoplanetary disk. (Credit: NASA)

Planet formation can only occur under certain favourable
conditions. As the protostar in the center continues to accrete
the matter in the protoplanetary disk, the mass of the gas and
dust increases. For gas-giant planets, models generally ne-
cessitate solid cores with masses that are several times that
of Earth. In contrast, terrestrial planets can develop across a
wider spectrum of masses, ranging from sub-Earth to several
Earth masses, influenced by factors such as disk temperature
and composition10. Additionally, the proper time before the
disk disperses also plays a pivotal role in planet formation.
Due to accretion by the protostar, the protoplanetary disk dis-
perses, and the disk can no longer support a suitable environ-
ment for planet formation11. Before then, the protoplanetary
disks can provide a birth environment for planets for an esti-
mated 1 to 10 million years12.

Factors Influencing Planet Formation

The two most important factors that shape whether planets
can form around a star are its metallicity & surrounding en-
vironment. While the metallicity decides how many heavy el-
ements are available to build planets, the environment impacts
the available duration of surrounding disks of materials.

Figure. 2 Flowchart summarizing all factors affecting planetary sys-
tem formation

Stellar Metallicity

The formation of planets depends heavily on the chemical
makeup of a star and its surrounding protoplanetary disk.
Firstly, primordial stars with very low stellar metallicity don’t
have enough building blocks to form planets, planetesimals, or
even their cores. They simply can’t become part of planetary
systems13.

The dependence of planet formation on stellar metallicity
remains to be an area of active investigations. Population III
stars, characterised with approximately zero metallicity, might
be considered unlikely to be hosting planetary systems around
them, due to the absence of heavy elements which suppress
a solid core growth. However, this inference remains to be
highly uncertain due to lack of observational evidence.

Meanwhile, Population II stars with low stellar metallici-
ties are capable of hosting planetary systems, particularly ter-
restrial planets. Many observational studies indicate that the
occurrence rate of small, terrestrial planets exhibits a weak de-
pendence on stellar metallicity, whereas gas-giant formation
correlates with high metal abundance.

Population I stars, possessing solar or super-solar metallic-
ities, have the highest probability of hosting planetary sys-
tems. Increased metal availability facilitates both terrestrial
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and rapid core accretion for the formation of a gas-giant.
Overall, ongoing theoretical efforts continue to refine the role
of stellar metallicity in shaping planet formation, composition
and planetary system architecture14.

Measurement of stellar metallicity

Scientists discover different elements in a star by using a
powerful technique called spectroscopy in astronomy. Spec-
troscopy helps scientists to understand the chemical makeup
of the outer layer of a star.

All layers of the star emit light which passes through its
atmosphere and atoms in the layers emit light with different
wavelengths. Unique wavelengths appear in a device called
a spectrograph as dark or bright lines, depending on the type
of the spectrum. An absorption spectrum shows dark lines,
while an emission spectrum shows brighter lines. Absorp-
tion lines occur when a continuous spectrum passes through
a cooler gas, while emission lines occur when a hot gas is
viewed against a dark background. This distinction is highly
significant for the understanding of how stellar spectra are in-
terpreted. By matching the observed lines with those mea-
sured in laboratories on the Earth, scientists identify the ele-
ments in a star. Additionally, the width and the intensity of
a spectral line is used to determine the abundance of that ele-
ment in the star15.

Each element has different spectral lines, because all of
them have different electronic configurations. Thus, when the
electrons absorb just the right energy from the photons, they
jump to a higher energy level, creating dark lines in a contin-
uous spectrum. Just like how a fingerprint acts as a unique
identifier for a person, the spectral patterns are unique for ev-
ery element16.

Stellar Environment

The kind of stellar environment a star is in, whether a binary
system or a crowded cluster, has a big impact on whether plan-
ets can form because it affects how long the surrounding disks
of material can actually last.

Binary or multiple star systems

Binary or multiple star systems form when a single collapsing
molecular cloud produces two or more dense regions, each
heavy and compact enough to create stars. Each region col-
lapses independently, resulting in stars that revolve around one
another. The majority of systems arise from fragmentation
during the star formation process17.

Despite the complex gravitational dynamics, many planets
like Kepler-16b have been discovered to revolve around bi-
nary star systems. Instead of the presence of a companion, it’s

actually the orbital configuration and separation between the
stars that matters.

Two main types of planetary orbits are distinguished:

1. S-type (Satellite-type) orbits: In this configuration, the
planet orbits around one of the stars, while the compan-
ion acts as a distant perturber. In wide binaries, where
the separation is large, planets can revolve in a manner
similar to those in singular star planetary systems.

2. P-type (Circumbinary) orbits: The planet orbits around
both of the stars about their common center of masses.
In close binaries, stability is attainable beyond a spe-
cific radius where the combined gravitation forces be-
come smooth enough to support long-term orbits.

Figure. 3 Schematic of planetary configurations in binary star sys-
tems. (Credit: M. Cuntz, The Astrophysical Journal)

Gravitational perturbations and intense radiation from both
stars can accelerate the dispersal of protoplanetary disks, re-
ducing the time for planet formation. However, numeric and
observational investigations show that planets can exist in both
S-type and P-type orbits configurations, provided that the bi-
nary is dynamically stable and the orbital & radii parameters
fall within favourable ranges. Ongoing investigations focus
on how orbit eccentricity, binary separation, and disk proper-
ties mould the frequency of planetary systems existing in such
environments18.

Star Clusters

Similarly to binary systems, due to the high proximity among
stars in a cluster, the protoplanetary disks get destroyed very
quickly. Moreover, intense stellar winds and radiation evap-
orate the disk at a very quick rate; causing photoevaporation
of the disk. Thus, the time of dispersion of the disk decreases
drastically, which leads to failure of star clusters supporting
planet formation19.
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However, observations depict that planet systems can and
do form in star clusters. Scientists have discovered many stars
hosting planetary systems in open star clusters like Pleiades
and Hyades. Current research demonstrates that clustered en-
vironments may suppress disk lifetimes, reducing planet oc-
currence rates, but they do not inhibit planet formation univer-
sally. The degree to which stars can support planetary systems
depends on the local density and the frequency of gravitational
interactions20.

Orphaned (Rogue) Stars Without Planetary Sys-
tems

Orphaned stars are solitary bodies which drift alone in the vast
emptiness, unbound to any galactic system. Intergalactic or
rogue stars wander in intergalactic space21.

Orphaned stars are extremely faint, making their detection
very hard. Their collective light only appears as a ghostly glow
within other galaxy clusters. Meanwhile, orphaned stars play
a vital role in helping humans understand galactic interactions
and mapping matter in star clusters. Recent astronomical sur-
veys convey information about many more orphan stars exist-
ing currently, than the previous estimations22.

How Do They Become Orphaned?

Gravitation interactions during galaxy mergers and dynamic
ejection from star clusters remove the stars from their origin,
and turn them into orphan stars.

When galaxies interact or collide with each other, they cre-
ate immense gravitational forces which cause a process, called
tidal stripping. The tidal forces are strong enough to literally
pull certain stars out of their birthplaces and fling them out
into intergalactic space23.

There are supermassive black holes lying in the center of
many spiral galaxies. If a binary or multiple star system re-
volves close around the black hole, the black hole pulls one
star towards itself and slingshots the other one at an incredible
speed24. The resulting cosmic interaction, often called a black
hole slingshot, is responsible for creating hypervelocity stars.
Hypervelocity stars are said to be among the fastest moving
stars ever observed by humans25.

Another space phenomenon, known as gravitational sling-
shot or dynamic ejection, can lead to a star becoming or-
phaned26. In crowded star clusters, gravitational interactions
often take place among three or more celestial bodies. En-
counters of this kind can result in one or more stars being ac-
celerated to high velocities and ultimately ejected from the star
cluster27.

Why Do They Lack Planets?

Orphan (rogue) stars lack planets mainly because of their cir-
cumstances like violent gravitational interactions and isolated
formation. The isolated formation prevents the stable reten-
tion of the protoplanetary disk inhibiting planetary system for-
mation28.

When stars are ejected from their birth environments by
stellar kicks, supernova explosions, gravitational slingshots, or
black hole slingshots, theoretical models say that such events
can strongly perturb or even strip away protoplanetary disks.
These scenarios have sudden acceleration or gravitational dis-
ruptions which may disperse the gas reservoirs leaving limited
material behind for planet formation. All orphaning mecha-
nisms typically act in dense environments, for example star
clusters, where many stars crowd together leading to rapid
disk dispersal, thereby putting various constraints and limi-
tations for formation & survival of planetary systems29. Plan-
ets require steady gravitational conditions to form, whereas
orphaned stars drift in isolation, lacking influence from any
nearby bodies which impedes them from coming together as a
unified whole.

How Do Scientists Detect Planets and Their De-
tection Limitations?

Astro-scientists detect planets around stars using two meth-
ods: the Doppler effect and the planet’s transit around the star.

Doppler Effect

The Doppler effect is a major technique used by astronomers
to detect planets around stars which cannot be directly seen.

When a planet revolves around a star, the gravity from the
planet makes the star wobble slightly, causing the star to move
in a very tiny orbit around their common center of mass. Due
to the wobble, the star moves either towards or away from us
and experiences a Doppler effect. Its light waves compress
towards the blue wavelength in the spectrum when the star
moves closer; similarly, the light waves stretch towards the
red wavelength in the spectrum when the star moves away30.
Basically, when the star moves towards us, the waves get com-
pressed, and the frequency of the waves increases (bluer wave-
length). Meanwhile, when the star moves away from us, the
waves get stretched, and the frequency of the waves decreases
(redder wavelength). Detecting minute changes in the wave-
lengths requires a technique called Doppler spectroscopy31.

Additionally, there are certain key limitations when as-
tronomers use the Doppler effect. The Doppler effect is sensi-
tive to certain orbits and can only detect planets orbiting their
stars along the line of sight from the Earth. Moreover, the
method favours large close-in planets which produce larger

4 | © The National High School Journal of Science 2026



wobbles, making their detection easier32. Very precise and ex-
pensive instruments are required when detecting smaller plan-
ets. Furthermore, stellar storms, turbulent surfaces, or stellar
flares can make planetary system detection very hard; there-
fore, planetary systems around active stars become a limita-
tion when using the Doppler effect.

Equation Of Measuring Doppler Shift of Light

∆λ

λ0
=

vr

c
(1)

Here:
∆λ is the change in the wavelength (λobserved − λ0), λ0 is

the original wavelength emitted by the source, vr is the star’s
velocity towards or away from the Earth, and c is the speed of
light (approximately 3.0× 108 ms−1). Specifically, λobserved
is the wavelength measured by the observer on Earth which
may be longer if the star is moving away, or may be shorter if
the star is moving closer, revealing the motion of astronomical
objects33.

This equation is valid for non-relativistic velocities with the
limitation of vr ≤ c. In this domain, the full relativistic doppler
formula simplifies to this one linear equation. This equation
correctly describes the small wavelength shifts seen in stellar
spectra as the stars get pulled by their planets, since a typical
star wobbles on the order of tens of metres per second, which
is far below the speed of light34.

Figure. 4 Diagram detailing the Doppler Shift Method (Credit:
NASA, ESA)

In practice, astronomers measure the doppler shift by compar-
ing the data from absorption lines received for a respective star
to their fixed laboratory wavelengths. High-resolution spec-
trographs are used to spread the starlight into a detailed spec-
trum. If the small shifts are towards blue, then the star moves
towards the Earth, but if the shifts are towards red, then the
star moves away from the Earth.

These small shifts are then tracked over time and are con-
verted to radial velocities. This allows the astronomers to draft
a radial-velocity curve that shows how the star’s light varies
with time. This graph is then fitted with a periodic curve that
allows the scientists to infer the presence of an unseen com-
panion.

The amplitude of each oscillation is proportional to the
planet’s mass and inversely proportional with the star’s mass
and orbital distance. The doppler shift equation becomes the
fundamental tool that translates subtle wavelength shifts into
quantitative evidence for an orbiting planet35.

Figure. 5 The Doppler effect on a star (Credit: Mayor & Queloz,
OpenStax Astronomy 2e)

Transiting Planets

Transiting planets helps scientists detect exoplanets by observ-
ing the change in brightness of a star, when the planet passes
in front of (transit) the star, as seen from the Earth.

When a planet crosses the star, a dip occurs in the starlight
measured by instruments on Earth. The dip repeats period-
ically as the planet moves in front of the star each time an
orbital period completes.

Figure. 6 The transit method of detecting exoplanets (Image credit:
NASA)

Under ideal conditions, like a perfectly circular orbit, a
planet being much smaller than the star, and a perfect view
from Earth, the dip in the star’s brightness follows the for-
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mula:
∆F
F

=

(︃
Rp

Rs

)︃2
(2)

Here, Rp is the planet’s radius and Rs is the star’s radius.
This equation directly links the transit depth to the fractional
area blocked by the planet. However, this requires a precise
knowledge about the star’s radius and high-cadence photom-
etry to measure ∆F

F accurately, typically demanding space-
based telescopes like Kepler and TESS which help in reduc-
ing the noise36. Multiple planetary systems can be identified
if several dips occur at regular intervals, showing several plan-
ets orbit the same star. Additionally, the transit method helps
measure the type and metallicity of planets. When a planet
has an atmosphere, starlight passes through the layer, allow-
ing scientists to analyze the chemical elements present and
distinguish whether the planet is rocky like Earth or a gas gi-
ant similar to Jupiter37.

Similarly to the Doppler effect, the method of transiting
planets requires the planets to be aligned so they are visible
from Earth. Additionally, some false positives exist like so-
lar spots or eclipsing by a binary system, and these exceptions
can be tested by other methods.

Special and Rare Cases

Neutron stars and white dwarfs are former active stars which
have undergone drastic transformations by exhausting nuclear
fuel38. Even though the celestial bodies cannot theoretically
host planetary systems, some exotic planet systems have been
found to exist, but only in rare circumstances.

The first confirmed exoplanets were found to be revolving
around the pulsar PSR B1257+12, a millisecond neutron star.
These systems are thought to be second-generation planets,
formed by the debris disk formed either before or after the
supernova event. Many follow-up surveys have identified var-
ious pulsars, and have found only a handful of such systems
which shows that planet formation is rare around neutron stars,
but not impossible39.

Observations also show that planetary systems can persist
around white dwarfs. Recent studies using the James Webb
Space Telescope (JWST) have found giant planets revolving
around white dwarfs, including two systems around the metal-
polluted white dwarfs, WD 1202-232 and WD 2105-82. In
these systems, JWST’s Mid-Infrared Instrument (MIRI) had
discovered planets at the separations of 11-12 AU and 34-
35 AU, respectively, with masses inferred at the order of 1-7
Jupiter masses. These detections convey that these outer plan-
ets have likely survived the red-giant phase and subsequent
mass loss, by attaining different configurations as the star tran-
sitioned into a white dwarf40.

All such stars can only host exotic planetary systems, while
typical planets suffer in harsh stellar environments due to nar-

row habitable zones and high radiation levels. Hence, or-
dinary, stable, and life-friendly planetary systems form only
around regular stars.

Discussion and Conclusion

This reviewed literature suggests that many stars can’t host
planetary systems around them due to the combined effects of
stellar metallicity, dynamic environments, and observational
limitations on our side, rather than a single isolated cause. Pro-
toplanetary disks, the fundamental sites for planet formation,
are fragile structures that can be perturbed and disturbed by
violent cosmological events like close encounters, tidal inter-
actions, and intense radiation. Such processes reduce the time
available for planetesimals to grow successfully into planets,
despite being capable of doing so.

Next up, stellar metallicity further modulates this picture.
Population I stars with solar metallicities are usually associ-
ated with hosting planetary systems, while gas giant forma-
tion depends completely on metal abundance; on the contrary,
small terrestrial planets depend weakly on the same. This im-
plies that low stellar metallicity environments may be able to
host terrestrial planets but are less efficient at forming gas gi-
ants, shaping the diversity of planetary systems across the uni-
verse.

Meanwhile, several future questions arise for future work
and investigations. The detailed dependence on stellar metal-
licity in extremely metal-poor environments is still poorly
constrained observationally. In addition to this, the role of
dynamic ejections, such as stellar kicks, gravitational inter-
actions, and supernovae explosions, in truly inhibiting plane-
tary system formations versus just making systems fainter and
harder to see still requires further research and study.

Future-generation campaigns with well-developed instru-
ments, wide-field surveys, and deep imaging around white
dwarfs & neutron stars will further clarify the importance of
these factors across various stellar populations. Numeric sim-
ulations of star clusters, binary systems, and disk disruption
will help us refine our understanding about why some stars
remain “planet-less.” Ultimately, the study of why every star
does not host a planetary system is propelled by the interplay
among initial conditions, stellar environments, and technolog-
ical limitations that sculpt the varying architecture of planetary
systems across the universe.
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Table 1 Comparative Framework

Factor Mechanism of prevention of planet forma-
tion

Relative severity and impact on planet for-
mation

Stellar Metallicity Lack of heavy elements hinders solid core ac-
cretion and formation of protoplanetary disks.

Relatively high for gas giants (Restricted to
Population III and Population II stars), mean-
while, very low for terrestrial planets.

Binary Star Systems Harsh gravitational perturbations and intense
cosmic radiation can accelerate protoplanetary
disk dispersal.

Affects planet formation moderately, because it
can be hindered, but remains possible in dynam-
ically stable S-type or P-type systems.

Star Clusters Photoevaporation from intense stellar encoun-
ters and winds can lead to rapid disk dispersal.

Moderate to high effect as local gravitational in-
teractions can drastically shorten the disk life-
time.

Orphaned Stars Ejection via harsh cosmic events like tidal strip-
ping, gravitational slingshots, or stellar kicks
can violently disrupt the protoplanetary disks.

Extreme effects, because sudden isolation and
extreme accelerations can completely prevent
stable disk material retention.

Neutron Stars & White
Dwarfs

Narrow habitable zones and intense radiation
along with the mass loss, and red-giant phases
destroy typical planets and their disks.

Extremely effected from the lens of habitable
planet formation, but relatively low for rare ex-
otic systems.

Observational
(Malmquist) Bias

The Malmquist bias, transit method limitations,
and stellar activity can obscure existing plane-
tary systems.

Not applicable because it limits the detection of
planets rather than physically and realistically
preventing planetary system formation.
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