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Abstract

This review paper explores the theoretical and observational landscape of planets orbiting black
holes, an emerging field at the intersection of astrophysics, planetary sciences and astrobiology.
It delves into how the extreme gravitational, radiative, and relativistic phenomena shape their
existence, potential for habitability, and detection. The paper quantitatively describes the
significant impact of general relativistic effects, such as time dilation and orbital stability, and
analyzes the complex interplay of tidal forces and various radiation sources on potential
habitability. It also surveys models of blanet formation within accretion disks and considers
scenarios of planetary capture. Finally, the paper highlights cutting-edge observational
techniques, including gravitational lensing, X-ray astronomy, and the transformative capabilities
of the James Webb Space Telescope (JWST), gravitational wave detectors (LIGO/LISA), and
the Event Horizon Telescope (EHT) in pushing the frontiers of discovery. Current theoretical
models suggest the possibility of stable blanet orbits and alternative energy sources for life,
while observational evidence remains largely indirect, with only a few unconfirmed candidates.
The paper concludes by identifying key unresolved questions, particularly regarding blanet
formation mechanisms and the connection between primordial black holes and dark matter,
emphasizing the profound implications for understanding black holes, dark matter, and the
broader search for life beyond Earth.
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1. Introduction

1.1. The Enigmatic Realm of Black Holes and Exoplanets

Black holes stand as some of the most mysterious and extreme objects in the cosmos. These
are not voids or "holes" in space, but rather immense concentrations of matter packed into
incredibly tiny spaces, where gravity becomes so overwhelming that nothing, not even light, can
escape from beyond a boundary known as the event horizon [1]. Their profound gravitational
influence extends far into their surroundings, bending the fabric of spacetime, a phenomenon
known as gravitational lensing, and drawing in gas and dust to form superheated accretion disks
that radiate intensely across the electromagnetic spectrum, particularly in X-rays [1]. At the heart
of nearly every large galaxy, including our own Milky Way, reside supermassive black holes
(SMBHSs), which can possess masses millions to billions of times that of our Sun, such as
Sagittarius A* [1].

The field of exoplanetary science has undergone a revolution, with over 5,000 confirmed planets
discovered outside our Solar System [4]. This surge in discovery has broadened our cosmic
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perspective, prompting scientists to explore the diversity of planetary systems and their potential
for hosting life [5]. Within this expanding scope, an intriguing, albeit hypothetical, class of
exoplanets has emerged: "blanets," defined as planets that directly orbit black holes [6]. These
theoretical celestial bodies are envisioned to be similar to other planets, possessing sufficient
mass to be rounded by their own gravity but insufficient to initiate thermonuclear fusion and
become stars [6].

Figure 1. “Gargantua Black Hole”. Credits: Interstellar Movie

1.2. Navigating the Extreme: The Scope of This Review

This review paper aims to synthesize current theoretical frameworks and observational evidence
to address a pivotal question: How do the unique gravitational, radiative, and relativistic
environments near black holes shape the formation, evolution, and observability of planetary
systems, and what does this reveal about the potential for habitable worlds and future detection
of exoplanets in these extreme conditions? The paper will delve into the profound impact of
black hole gravity on orbital dynamics, the challenges and speculative possibilities for
habitability in such harsh conditions, and the cutting-edge observational techniques being
developed to detect these elusive worlds.

The study of blanets pushes the boundaries of our understanding of planet formation and
habitability, challenging Earth-centric assumptions and expanding the cosmic real estate where
life might exist [5]. This interdisciplinary field connects cutting-edge research in astrophysics,
such as the potential role of primordial black holes in influencing planetary systems, with
astrobiology, which investigates the adaptability of life to extreme environments [4].
Furthermore, recent innovations in observational astronomy, notably the James Webb Space
Telescope (JWST), gravitational wave detectors like LIGO and LISA, and the Event Horizon
Telescope (EHT), are opening unprecedented windows into these exotic cosmic realms, making
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the search for and study of blanets a truly contemporary and compelling topic [1].
Methodology

This research was conducted through a comprehensive literature review of peer-reviewed
journals, academic articles, institutional reports, and authoritative online sources related to black
holes, exoplanets, and planetary formation processes. Primary emphasis was placed on
publications from recognized scientific organizations such as NASA, the Center for Astrophysics
(Harvard & Smithsonian), and research papers indexed in arXiv and PubMed Central. Additional
insights were obtained from university research portals, conference proceedings, and credible
science news platforms to incorporate the most recent discoveries and theoretical
advancements.

A systematic approach was followed to ensure relevance and reliability. Sources were selected
based on their publication recency, citation credibility, and direct relevance to the research
objectives. Key themes such as black hole accretion dynamics, gravitational effects on planetary
systems, and conditions for habitability were identified and synthesized. Where possible, data
from observational missions, space telescopes, and simulation models were included to support
theoretical perspectives.

Information from diverse sources was critically analyzed, compared, and integrated to form a
coherent narrative. Cross-verification between multiple references was employed to minimize
bias and enhance accuracy. The methodology also incorporated interdisciplinary perspectives,
drawing from astrophysics, planetary science, and astrobiology, to present a holistic
understanding of planetary formation and survival in extreme cosmic environments.

Discussion

2. Gravitational and Relativistic Effects on Black Hole Planets
2.1. Tidal Forces: Shaping and Shredding Worlds

In the extreme gravitational environment near black holes, tidal forces play a crucial role in
shaping the fate of any nearby celestial body. Tidal forces arise from the differential gravitational
pull across an object, meaning the gravitational force is stronger on the side of the object closer
to the massive body and weaker on the farther side. This differential pull leads to deformation
and, if the object is not perfectly rigid, generates internal frictional energy that heats its interior
[21]. This process, known as tidal heating, is a fundamental phenomenon observed in our own
Solar System. A prime example is Jupiter's moon lo, whose intense volcanism is driven by tidal
heating caused by Jupiter's immense gravity and orbital resonances with other Galilean moons.
The amount of tidal heat generated in such a body can exceed its radiogenic heating by several
orders of magnitude. Quantitatively, tidal heating is often described by the phase lag ()
between the periodic gravitational forcing and the resulting deformation of the body. This is
commonly expressed by the effective quality factor, Q=tan(®)1, where a smaller Q (indicating a
larger phase lag) signifies stronger energy dissipation and heating [21]. The rate of tidal heating
is also strongly dependent on the internal temperature and the presence of partial melt, as melt
significantly reduces the effective viscosity and shear modulus of the solid.



ﬁ Research Archive of

o Rising Scholars (preprint) Where bright minds share their learnings

However, as objects venture too close to a black hole, these tidal forces become
overwhelmingly destructive. The tidal disruption radius (RT) defines the critical distance at which
a celestial body, such as a star or a planet, will be torn apart by the black hole's differential
gravity. This distance is quantitatively approximated by the formula: Ry = R(Mgy/M)"3, where R*
and Mx are the radius and mass of the disrupted object, and MBH is the mass of the black hole
[22]. Beyond this critical point, the object undergoes a process colloquially known as
"spaghettification," being stretched and compressed into a long, thin strand of matter [1]. The
possibility of stable planetary orbits around black holes therefore, critically depends on
remaining outside this disruption radius while still being gravitationally bound [1].

Figure 2. “Star S2”. Credits: ESO/M. Kornmesser

2.2. General Relativity: Warping Space and Time

The gravitational fields near black holes are so extraordinarily strong that classical Newtonian
gravity is insufficient to accurately describe orbital dynamics. Instead, Einstein's General
Relativity (GR) becomes essential. GR fundamentally redefines gravity not as a force, but as the
curvature of spacetime caused by mass and energy. This curvature introduces phenomena that
profoundly alter orbital dynamics compared to the simple elliptical paths predicted by Newton
[24].

One such phenomenon is orbital precession. In GR, perfectly elliptical orbits, as described by
Kepler, do not exist. Instead, elliptical orbits exhibit "perihelion precession," where the point of
closest approach (perihelion for orbits around a star, or periastron for orbits around another
celestial body) to the central mass rotates over time [24]. This effect is famously observed in
Mercury's orbit around the Sun, where relativistic corrections account for a small but measurable
precession that Newtonian physics could not explain. Near a black hole, where gravity is far
stronger, this precession becomes dramatically more pronounced, leading to complex "rosette"
patterns rather than closed ellipses [24].

Another profound consequence of GR is gravitational time dilation. Intense gravity warps
spacetime in such a way that time itself slows down for observers closer to a massive object
relative to those farther away [26]. This effect is not merely theoretical; it is a real, measurable
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phenomenon. A vivid, albeit fictionalized, example is portrayed in the movie Interstellar, where
1.25 seconds on a planet orbiting near a black hole corresponded to an entire day passing on
Earth [26]. For a hypothetical blanet, this means that all physical, chemical, and biological
processes would unfold at a much slower rate relative to an external observer in less extreme
gravitational fields, with significant implications for the evolution of life and the perception of time
[27].

A critical concept in GR for orbits around compact objects is the Innermost Stable Circular
Orbit (ISCO). The ISCO defines the smallest possible radius at which a test particle can
maintain a stable circular orbit around a massive object [24]. For a non-spinning (Schwarzschild)
black hole, the ISCO is located at

rlISCO=3RS=6GM/c?, where RS is the Schwarzschild radius [29]. Any object attempting to orbit
closer than the ISCO will inevitably spiral into the black hole [24]. For rotating (Kerr) black holes,
the ISCO radius is smaller for prograde orbits (where the orbit is in the same direction as the
black hole's spin) and larger for retrograde orbits. This implies that a spinning black hole can
host stable orbits much closer to its event horizon, especially if the spin is aligned with the orbit
[2]. It is important to distinguish the ISCO from the Roche limit; the ISCO applies to theoretical
test particles and is typically much closer to the central object than the Roche limit, which
describes the tidal breakup of physical bodies [29]. Another related concept is the "photon
sphere," located at

rph=1.5RS for a Schwarzschild black hole, where photons can orbit unstably in a circle [24].
Furthermore, GR introduces

spiral fall trajectories, unique to this theory, where particles can spiral directly into a black hole
if they lack sufficient angular momentum to maintain a stable orbit, a phenomenon not possible
in Newtonian gravity, where any non-zero angular momentum would prevent a direct fall into the
central mass [24].

Despite these extreme conditions, theoretical studies suggest the possibility of stable planetary
orbits around black holes. For instance, a 2019 study proposed a "safe zone" around
supermassive black holes that could potentially harbor thousands of blanets [6]. Simulations,
even simple ones using stretched fabric and spherical masses, can qualitatively illustrate how
gravitational wells affect orbits, providing a foundational understanding of stable paths [23].
More sophisticated computer models are crucial for tracing the complex relativistic orbits [24].

Table 1: Key Gravitational and Relativistic Effects Near Black Holes

Effect Description Quantitative Aspect | Impact on
/ Formula Planets/Orbits
Tidal Heating Internal heating of a | Quantified by phase Can prov_idg internal
: heat for liquid water
body due to lag (d) of tidal bulge, bsurf
differential or effective quality (e.9., subsurface
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gravitational forces
from a primary mass

factor Q=1/tan(d)

oceans), potentially
enabling habitability
in environments
lacking stellar heat
[21].

Tidal Disruption

Object is torn apart
by differential gravity
when it crosses a
critical distance from
a massive body

Tidal disruption
radius: (for
star/planet of radius
R* and mass Mx* by
BH of mass MBH)
[22].

Defines the
innermost boundary
for a planet's physical
survival; beyond this,
"spaghettification"
occurs [1].

Gravitational Time
Dilation

Time slows down in
stronger gravitational
fields relative to
weaker ones.

Time dilation factor
increases with
proximity to black
hole. Example: 1.25
seconds near BH =1
Earth day [2].

Alters the perceived
rate of all physical
and biological
processes; can
blueshift incident
radiation to higher,
potentially lethal,
energies [27].

Orbital Precession

The periastron
(closest point) of an
elliptical orbit shifts
with each revolution,
preventing a closed
ellipse.

Relativistic correction
term (e.g., for
Mercury's perihelion).
More pronounced
near black holes [24].

Creates complex
"rosette" orbits rather
than simple ellipses,
impacting long-term
orbital stability and
predictability [24].

Innermost Stable
Circular Orbit

The closest possible
stable circular orbit

For Schwarzschild
BH:rISCO=3RS=6G
M/c?. For Kerr BH:

Defines the inner
boundary for stable
planetary orbits; any

Trajectories

particle continuously
spirals into the black
hole due to
insufficient angular
momentum.

Relativity; not
possible in
Newtonian gravity for
non-zero angular
momentum [24].

(ISco) ;?:)3;38; Fr):'argg:\e/e rlISCO decregses for object.inside will
object. prograde orbits [29]. | spiral into the black
hole [24]. Marks inner
edge of accretion
disks [29].
Spiral Fall Orbits where a Unique to General Represents a

non-recoverable path
into the black hole,
highlighting the
extreme gravitational
pull beyond the ISCO
[24].
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3. Planetary Formation and Migration in Black Hole Environments
3.1. Theoretical Models for Blanet Formation

The concept of blanets, planets hypothesized to orbit black holes directly, introduces a new
frontier in planet formation theory. These blanets are suspected to form within the accretion disk
that orbits a sufficiently large black hole [6]. This idea necessitates a re-evaluation of the
standard model for planet formation, which primarily describes a "bottom-up" process within
protoplanetary disks around young stars [17]. In the stellar context, molecular clouds collapse to
form protostars, with residual matter flattening into a spinning protoplanetary disk of gas and
dust [17]. Within this disk, microscopic dust grains collide and stick, gradually forming pebbles,
then kilometer-sized planetesimals, and eventually larger planetary embryos through processes
like self-gravity and pebble accretion [18].

While accretion disks around black holes are structurally similar to protoplanetary disks in that
they are spinning platters of gas and dust [34], they are generally much hotter and spin faster
[20]. The physical processes that govern the formation of disks around black holes, neutron
stars, and white dwarfs are considered important for understanding how planets might form and
how various atoms are distributed in space [24] However, the black hole accretion disk is a far
more violent and dynamic environment than a stellar protoplanetary disk, characterized by
intense radiation (X-rays, gamma-rays) and rapid evolution [2]. This presents unique challenges
for dust coagulation and planetesimal growth. Despite these challenges, models suggest that
density perturbations within the black hole's accretion disk could lead to "migration traps" where
massive objects can accumulate, collide, and accrete [36]. Such traps might facilitate the growth
of planetesimals and even intermediate-mass black holes, implying a potential pathway for
blanet formation [36]. The precise mechanisms that would allow solid material to coalesce and
survive in such an energetic and turbulent environment, potentially involving different accretion
pathways or even gravitational instability [37], remain active areas of theoretical investigation.

3.2. Planetary Migration and Capture Scenarios

Planetary systems are not static; planets can undergo substantial orbital changes, or migration,
after their initial formation. This migration is driven by the exchange of energy and angular
momentum with surrounding gaseous or planetesimal disks, or through gravitational interactions
with other stellar or binary companions [18]. In the context of black holes, this raises the
possibility that planets formed elsewhere could migrate into or be captured by a black hole's
gravitational field. Rogue planets, which are not gravitationally bound to any star, could
theoretically be captured by the immense gravity of a black hole, becoming blanets not through

in situ formation but through dynamic capture. The process of black hole growth itself involves
the accretion of matter, and the angular momentum of infalling material is a key factor [35]. This
suggests that if planets were to migrate or be captured, their angular momentum would be
critical in determining whether they settle into a stable orbit or spiral into the black hole.

3.3. The Role of Primordial Black Holes in Orbital Dynamics
Beyond the scenarios of in-situ formation or capture by stellar-mass or supermassive black
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holes, a fascinating theoretical avenue involves primordial black holes (PBHs). These are
hypothetical black holes believed to have formed in the very early universe, potentially ranging
in mass from that of an asteroid to much larger [4]. A significant aspect of PBH research is their
potential role as a component of dark matter, the mysterious substance thought to make up a
large fraction of the universe's mass [4].

If a sizable population of PBHs exists within our galaxy, they could significantly impact the orbits
of existing exoplanets through close "flybys" [4]. Such interactions typically involve a three-body
problem: a star, a planet, and a PBH. During a flyby, the PBH exchanges energy with the
star-planet system, perturbing the planet's orbit. Given the high speeds at which PBHs are
expected to travel, these encounters are often "impulsive," causing sudden and dramatic
disruptions to planetary orbits rather than gradual adjustments. Simulations have shown that
such flybys can alter a planet's orbital eccentricity. While the current precision of exoplanet
orbital measurements faces significant obstacles due to measurement uncertainties and the
complexities of planetary formation models, future high-precision observations could
theoretically be used to infer or constrain the abundances of PBHs [4].

4. Radiation, Habitability, and the Search for Life
4.1. The Sterilizing Glow of Accretion Disks

While black holes themselves do not emit light or heat (apart from negligible Hawking radiation),
the accretion disks of gas and dust swirling around them are incredibly luminous. As matter
spirals inward, it heats to extreme temperatures due to friction and gravitational energy
conversion, emitting copious amounts of radiation across the electromagnetic spectrum,
particularly intense X-rays and gamma-rays [1]. Accreting stellar-mass black holes are among
the brightest X-ray sources in the sky, and supermassive black holes in active galactic nuclei
(AGNSs), such as quasars, are the most luminous persistent sources in the universe [2].

This intense radiation poses a significant challenge to habitability. The X-ray and gamma-ray
fluxes are often far too strong, potentially sterilizing any nearby planets or stripping away their
atmospheres [7]. Furthermore, accretion disks are dynamic structures that can evolve over
relatively short periods, sometimes as short as decades or years, leading to drastic changes in
conditions [7]. Such rapid variability makes the maintenance of stable habitable conditions,
crucial for the long-term evolution of life, highly unlikely. The extreme time dilation near the black
hole horizon also exacerbates this issue, as it would greatly increase the apparent rate at which
accreting gas and high-energy particles impact a planet, making it even harder to achieve a
habitable environment [27].

4.2. Speculating on Alternative Energy Sources for Life

The traditional definition of a habitable zone (HZ) for a planetary system is the region around a
star where temperatures would allow for liquid water to exist on a planet's surface, typically
between 273 and 373 Kelvin [5]. However, black holes do not provide the steady, moderate
stellar radiation that defines these zones [7]. This necessitates exploring alternative energy
sources for hypothetical life on blanets:

e Tidal Heating: As discussed in Section 2, tidal forces from the black hole could generate
significant internal heat within a blanet. This internal heating could potentially sustain
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subsurface oceans of liquid water, similar to the moons Europa or Enceladus in our Solar
System, which are heated by the tidal forces of Jupiter and Saturn, respectively [21]. Such
subsurface environments would also offer crucial shielding from the intense surface
radiation emanating from an accretion disk [30].

e Blueshifted Background Radiation: A fascinating relativistic effect is that distant
background radiation, such as the Cosmic Microwave Background (CMB), could be
blueshifted to much higher temperatures due to extreme time dilation near a black hole [27].
While the CMB is normally a cool 2.7 Kelvin, at the orbital distance of a hypothetical blanet
with a significant time dilation factor, the incoming CMB could be blueshifted to tens of
thousands of Kelvin, potentially providing a heat source. Similarly, in the dense environment
of a galactic nucleus, starlight from distant stars could be blueshifted to make the night sky
intensely bright and hot [27].

e Neutrinos: Even with protective shielding against electromagnetic radiation, neutrinos
could serve as a heating source. The cosmic neutrino background (CvB) or the galactic
neutrino background (GvB) from old supernova remnants, when blueshifted near a black
hole, could deposit enough energy to heat a planet's core [27]. This internal heating could
potentially support life similar to the chemosynthetic ecosystems found around deep-sea
hydrothermal vents on Earth [27].

e Dark Matter (WIMPs): In highly speculative scenarios, if dark matter consists of Weakly
Interacting Massive Particles (WIMPs), rapidly spinning supermassive black holes could
gravitationally focus and accelerate these particles, leading to high concentrations. The
energy released from WIMP-baryon scattering within a planet's interior could then provide
another, albeit exotic, energy source for habitability [27].

4.3. Extremophiles: Earth's Analogues for Exotic Life

The existence of extremophiles on Earth provides crucial biological models for theorizing about
life in black hole environments. Extremophiles are microorganisms that thrive in conditions
considered too harsh for most other life forms, adapting to extremes of temperature, pressure,
acidity, salinity, and radiation [8]. Examples include

Deinococcus radiodurans, renowned for its resistance to radiation, as well as thermophiles that
flourish in high temperatures and piezophiles adapted to high-pressure environments [8]. Their
survival strategies involve remarkable adaptations at the cellular level, such as modified cell
membranes that maintain fluidity in extreme temperatures, fortified enzymes that retain stability
under harsh pH or salinity, and efficient DNA repair mechanisms to counteract frequent
damage[8].
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Figure 3. “Deinococcus radiodurans”. Credits: Canadian Journal of Microbiology

Extremophiles challenge our preconceived notions of the boundaries of life on Earth, prompting
astrobiological speculation about the possibility of life in subsurface oceans on icy moons like
Europa or Enceladus, or in environments where alternative energy sources like chemosynthesis
replace photosynthesis [7]. Their remarkable adaptability suggests that life might be more
resilient and diverse than previously imagined, potentially capable of existing even in the
extreme conditions near black holes [9].

Table 2: Potential Energy Sources for Habitability Near Black Holes

Energy Source

Mechanism

Challenges/Benefits for Life

Accretion Disk Radiation

Hot, accreting gas in disk
emits intense electromagnetic
radiation (X-rays,
gamma-rays) [2].

Challenges: Often too
strong, sterilizing, or
atmosphere-stripping; highly
variable over short timescales
[7].

Benefits: Provides intense
luminosity, but typically in
harmful wavelengths.

Tidal Heating

Differential gravitational
forces from black hole deform

Benefits: Can sustain
subsurface liquid water

10
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planet, generating internal
frictional heat [21].

oceans, shielding life from
surface radiation; offers a
stable, internal heat source
[30].

Challenges: Too close leads
to tidal disruption [22].

Blueshifted Cosmic
Microwave Background
(CMB) / Starlight

Extreme gravitational time
dilation near black hole
blueshifts background
photons to higher
energies/temperatures [27].

Benefits: Can provide a
heat source where external
radiation is otherwise
lacking.

Challenges: Can also
blueshift to lethal UV/X-ray
energies; requires specific
orbital parameters [27].

Neutrinos

Cosmic or galactic neutrino
backgrounds, when
blueshifted by black hole
gravity, can deposit energy
within a planet's core [27].

Benefits: Could support
chemosynthetic life in
subsurface environments,
similar to Earth's deep-sea
vents [27].

Challenges: Neutrinos
interact weakly with matter,
requiring immense blueshifts
or dense cores for significant
heating [27].

Dark Matter (WIMPs)

Hypothetical Weakly
Interacting Massive Particles
(WIMPs) focused by black
hole gravity could scatter off
planetary matter, releasing
heat [27].

Benefits: Provides an exotic,
internal energy source.

Challenges: Highly
speculative; depends on dark
matter's nature and
interaction cross-section;
requires high WIMP
concentration [27].

5. Observational Frontiers: Detecting Planets Near Black Holes

5.1. Indirect Detection Techniques: Gravitational Lensing and X-ray Transits

Detecting exoplanets, particularly the hypothetical blanets near black holes, presents formidable
challenges due to the inherent invisibility of black holes and the extreme gravitational effects in

11
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their vicinity [1]. Consequently, current and proposed detection methods often rely on indirect
observations.

Gravitational Lensing, a prediction of Einstein's General Relativity, describes how massive
objects, including black holes and planets, bend the path of light [1]. This effect can act as a
natural lens, magnifying and distorting the light from more distant objects [25]. A specific
application,

microlensing, occurs when a foreground object (the "lens," such as a black hole or a star with a
planet) passes directly in front of a more distant background star from our perspective. The
lens's gravity temporarily magnifies the background star's light [5]. If the lensing object is a star
with an orbiting planet, the planet's own gravitational field causes a subtle, detectable alteration
to this microlensing effect, appearing as a brief, secondary deviation in the background star's
brightness curve [5]. This method is particularly valuable for detecting faint or "dark" objects like
black holes and low-mass planets that are far from their host stars, which are challenging to
observe with other techniques. The transient nature of microlensing events and the difficulty in
conducting immediate follow-up observations remain significant challenges [45].

X-ray Astronomy offers another promising indirect detection method, especially for planets in
binary systems involving black holes. The transit technique, commonly used in optical
astronomy to detect exoplanets by observing the dimming of a star's light as a planet passes in
front of it [46], takes on a unique characteristic in X-ray binaries. In these systems, a Sun-like
star orbits a compact object, either a neutron star or a black hole, which is surrounded by a very
compact X-ray emitting region. Because a potential planet in such a system can be comparable
in size to this small X-ray source, a transiting planet passing along Earth's line of sight could
temporarily block most or even all of the X-rays. This significant dimming makes detection
possible even at extragalactic distances, a capability beyond current optical transit studies.
NASA's Chandra X-ray Observatory has been instrumental in this field, providing unique
information about exoplanets and their interactions within these extreme environments [46].

5.2. Gravitational Wave Detectors: Probing Spacetime Ripples

Gravitational wave (GW) detectors represent a fundamentally new window into the universe,
allowing astronomers to observe phenomena that are invisible to traditional electromagnetic
astronomy [14]. GWs are ripples in the very fabric of spacetime, produced when extremely
massive objects accelerate close to the speed of light, such as colliding black holes or neutron
stars [1].

The Laser Interferometer Gravitational-Wave Observatory (LIGO) made the first direct
detection of GWs in 2015, observing the merger of two binary black holes. LIGO is sensitive to
GWs in a frequency band corresponding to stellar-mass black holes (tens to hundreds of solar
masses). These observations provide invaluable data on the dynamics of black hole systems,
including their masses, spins, and merger events [14]. This information is crucial for
understanding the extreme environments where blanets might exist or be formed, as the
properties of the black hole directly influence orbital stability and accretion disk characteristics
[36].

12
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Looking to the future, the Laser Interferometer Space Antenna (LISA), a joint NASA-ESA
space-based observatory planned for the mid-2030s, will target lower millihertz frequencies [14].
This will enable the detection of GWs from merging supermassive black holes (millions to
billions of solar masses) and asymmetric binaries (e.g., a neutron star orbiting an SMBH) [14].
While GW detectors do not directly detect planets, future GW observations could potentially
provide indirect evidence of massive planets orbiting black hole binaries by detecting subtle
wobbles in the GW signal caused by the planet's gravitational influence [48].

Figure 4. “LIGO gravitational wave detector”. Credits: Aasi, J., Abadie, J., Abbott, B. et al.

5.3. Advanced Telescopes: JWST and EHT

Two cutting-edge observatories, the James Webb Space Telescope (JWST) and the Event
Horizon Telescope (EHT), are revolutionizing our ability to study black holes and their
environments, with significant implications for the search for blanets.

The James Webb Space Telescope (JWST) is a revolutionary infrared observatory offering
unprecedented sensitivity and stability across a wide range of infrared wavelengths [49]. Its
capabilities extend to directly detecting light from young, recently formed planetary mass objects
and exploring the atmospheres of small, potentially habitable rocky worlds [43]. JWST employs
specialized instruments like coronagraphs, which block out the blinding light from bright stars,
enabling the direct imaging of much dimmer orbiting objects like exoplanets [50]. JWST has
already successfully directly imaged planets around other stars [50]. and found strong evidence
for a gas giant within the habitable zone of Alpha Centauri A, our closest Sun-like neighbor [54].
For black holes, JWST's powerful infrared sight allows it to peer through dense cosmic dust,
revealing previously hidden black hole activity, such as tidal disruption events (TDEs) where
stars are shredded by black holes, and the accretion processes of even dormant black holes
[11]. It can detect specific infrared spectral lines that serve as fingerprints of black hole accretion
[16]. While JWST has not yet directly imaged a blanet, its capabilities for direct imaging of
exoplanets and detailed observation of black hole environments (e.g., the structure and

13
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composition of accretion disks) are crucial for future blanet detection and characterization [49].

The Event Horizon Telescope (EHT) is a global array of radio observatories that collectively
form a virtual telescope the size of Earth. Its primary mission is to image the "shadow" of black
holes, the dark region cast by the event horizon against the backdrop of glowing gas [13]. The
EHT achieved a historic feat by capturing the first direct images of Sagittarius A* (the Milky
Way's SMBH) and M87* (the SMBH in the Virgo galaxy cluster), revealing distinct glowing gas
rings surrounding a dark central shadow [13]. These images provide unprecedented direct
visual evidence of black holes and offer invaluable clues about their workings, particularly the
dynamics of material very close to the event horizon [13]. While the EHT does not directly detect
planets, its ability to characterize the innermost regions of black hole environments is vital for
understanding the precise conditions under which blanets might form, exist, or be disrupted.

5.4. Case Studies and Future Prospects

While the concept of blanets is compelling, confirmed observational evidence remains elusive.
However, a few intriguing candidates have emerged:

e M51-ULS-1b: In 2020, the Chandra X-ray Observatory announced the detection of a
candidate exoplanet, M51-ULS-1b, located in the Whirlpool Galaxy (M51). This
extragalactic candidate was detected via X-ray eclipses of an X-ray binary system, which
consists of a stellar remnant (either a neutron star or a black hole) and a massive
companion star [6]. If confirmed, it would mark the first planet found outside the Milky Way.
Its status remains "candidate" [61].

e IGR J12580+0134 b: Discovered in 2016, this object is also listed as a "candidate" planet. It
is described as a "massive planet being disrupted" by a black hole located in the nucleus of
galaxy NGC 4845, implying its detection was linked to a tidal disruption event.® Its status,
like M51-ULS-1b, is "candidate" [62].

The prospects for future blanet discoveries are promising, driven by the capabilities of new
observatories. JWST's ability to study black hole accretion disks in detail and directly image
young planets around stars [49]. could potentially lead to the detection of blanets. Gravitational
microlensing continues to be a powerful method for detecting faint or dark objects, including
isolated black holes and their potential planetary companions [25]. Furthermore, future
gravitational wave detectors like LISA could provide indirect evidence of massive planets
orbiting black hole binaries by detecting subtle perturbations in their gravitational wave signals
[14].

Table 3: Observational Techniques for Detecting Exoplanets in Extreme

Technique Principle Relevance to Black | Key Instruments
Hole Systems

The gravity of a Can detect planets Ground-based survey
foreground object around isolated black | telescopes (e.g.,
(lens) magnifies light | holes or in distant KMTNet), future

Gravitational
Lensing
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(Microlensing)

from a background
source; planets
cause subtle
deviations in the
magnification curve
[25].

star-black hole
systems, as it detects
"dark" objects
regardless of emitted
light [4].

observatories (e.g.,
Nancy Grace Roman
Space Telescope)
[25].

X-ray Transit

Blanet passes in front
of a compact X-ray
source (e.g.,
accretion disk around
black hole/neutron
star), causing
significant dimming of
X-rays [46].

Unique for detecting
planets in X-ray
binary systems (star
+ black hole/neutron
star), even at
extragalactic
distances. Led to
candidates like
M51-ULS-1b [46].

NASA's Chandra
X-ray Observatory
[46]

Gravitational Wave

Detects ripples in
spacetime produced

Directly observes
black hole mergers

LIGO
(ground-based), LISA

Astronomy by accelerating and dynamics; future | (space-based, future)
massive objects (e.g., | detectors (LISA) [14].
merging black holes) [ could indirectly detect
[14]. massive planets
orbiting black hole
binaries via orbital
perturbations [14].
James Webb Space Infrared telescope Can observe black James Webb Space

Telescope (JWST)
Observations

with high sensitivity
and coronagraphs to
block bright starlight,
enabling direct
imaging and
atmospheric
characterization [49].

hole accretion disks
through dust; capable
of direct imaging and
atmospheric study of
exoplanets around
stars, informing
blanet
characterization [11].

Telescope (JWST)
[11].

Event Horizon
Telescope (EHT)

Global array of radio
telescopes forming
an Earth-sized virtual
telescope to image
black hole "shadows"
[13].

Provides direct visual
evidence of black
holes and details of
their immediate
environment, crucial
for understanding
conditions for blanet
formation/survival
[13].

Event Horizon
Telescope (EHT) [13].
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6. Future Directions and Open Questions

The theoretical and observational exploration of planets near black holes is a rapidly evolving
field, yet many fundamental questions remain unanswered, presenting fertile ground for future
research.

6.1. Unresolved Theoretical Challenges

One significant area of divergence lies in the mechanisms of blanet formation. While the
concept of planets forming within black hole accretion disks is intriguing, the precise physical
processes are still largely theoretical. The extreme conditions within these disks—high
temperatures, rapid rotation, and intense radiation—pose substantial challenges for the
"bottom-up" dust coagulation and planetesimal growth that characterize stellar protoplanetary
disks [6]. Understanding how solid material could coalesce and survive in such a turbulent,
energetic environment, and whether alternative formation pathways like gravitational instability
[37] might play a larger role, requires more detailed theoretical modeling [31].

The thresholds for habitability in black hole environments also present significant open
questions. The exact limits of extremophile survival against intense X-ray/gamma-ray radiation
and the profound effects of extreme time dilation are not fully understood [7]. The viability of
speculative alternative energy sources, such as neutrinos and WIMP scattering, for sustaining
life needs further theoretical and experimental validation [27].

A broader cosmological mystery tied to this field is the nature of primordial black holes (PBHs)
and their potential role as dark matter. While PBHs are hypothesized to affect exoplanet orbits
[4], direct observational evidence for their existence and abundance is still elusive [4]. The ability
to use exoplanet observations to constrain PBH populations is a promising future goal, but one
that requires significant advancements in observational precision.*

Furthermore, the formation and co-evolution of supermassive black holes and their host
galaxies remain a "chicken-and-egg problem" [64]. Recent JWST observations revealing
"impossible" early SMBHs that grew too big, too fast, challenge current formation models (e.g.,
light vs. heavy seeds) [12]. This larger context directly influences the initial conditions and
environments available for any blanet formation.

6.2. Future Observational Prospects and Broader Implications

The definitive confirmation of blanets remains a key elusive observable. The current
"candidate" status of M51-ULS-1b and IGR J12580+0134 b highlights the immense difficulty in
definitively confirming these objects [6]. More robust detection and characterization methods are
needed, which will rely heavily on next-generation observatories.

Future observatories will be crucial in addressing these questions. The Laser Interferometer
Space Antenna (LISA), set to launch in the mid-2030s, will significantly enhance gravitational
wave astronomy, allowing for the detection of mergers involving supermassive black holes and
providing unprecedented data on their dynamics [14]. The Nancy Grace Roman Space
Telescope, launching by 2027, will complement JWST's observations, particularly in studying
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binary systems and searching for new worlds [54]. Other ground-based facilities like the Vera
Rubin Observatory and the Square Kilometer Array will also contribute to broader surveys [66].
Beyond traditional telescopes, speculative but exciting proposals involve sending tiny

nanocraft missions with lightsails to nearby black holes, potentially reaching them within
decades [66]. Such missions could directly test the laws of physics near black holes, including
the existence of the event horizon and the nature of spacetime itself [66]. While not directly
aimed at blanets, these missions would provide invaluable in-situ data on the extreme
environments.

The findings from blanet research have profound implications for our understanding of the
universe. Studying blanets and their dynamics could provide unique insights into the
fundamental nature of black holes, especially their mass, spin, and the dynamics of their
accretion disks [2]. The detection of confirmed blanets would offer unprecedented constraints on
models of black hole growth and evolution. As discussed, high-precision exoplanet orbital
measurements could potentially constrain the abundance of primordial black holes, thereby
directly informing dark matter research [4].

Crucially, this research significantly influences our search for habitable worlds. The
exploration of habitability in black hole environments broadens the definition of life-sustaining
conditions beyond traditional stellar habitable zones [7]. It encourages the search for life in
extreme conditions, potentially relying on chemosynthesis or internal heating, and considering
subsurface refugia as viable locations [8]. This fundamentally expands the cosmic "real estate"
for life and informs astrobiological strategies for future missions [43].

7. Conclusion

The theoretical exploration of planets near black holes, or "blanets," represents a captivating
frontier in astrophysics and astrobiology. While these extreme environments pose immense
challenges, current research suggests that black hole systems are not entirely inhospitable to
planetary formation and stable orbits, provided specific conditions are met. The orbital dynamics
of blanets are profoundly shaped by the principles of General Relativity, leading to phenomena
like extreme time dilation, significant orbital precession, and the critical boundary of the
Innermost Stable Circular Orbit (ISCO). Furthermore, the concept of habitability around black
holes compels a radical re-evaluation of traditional definitions, considering alternative energy
sources such as tidal heating, blueshifted cosmic background radiation, neutrinos, and even
dark matter interactions, which could potentially sustain life in subsurface environments shielded
from the intense radiation of accretion disks.

The detection of blanets remains a formidable observational challenge, currently relying on
indirect methods such as gravitational microlensing and X-ray transits, which have yielded a few
tantalizing, albeit unconfirmed, candidates like M51-ULS-1b and IGR J12580+0134 b. However,
the advent of cutting-edge observatories is transforming this field. The James Webb Space
Telescope (JWST) offers unprecedented infrared capabilities to probe dusty black hole
environments and directly image exoplanets, while gravitational wave detectors (LIGO/LISA)
provide unique insights into black hole dynamics and could offer indirect planetary detection.
The Event Horizon Telescope (EHT) provides direct visual evidence of black holes,
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characterizing the innermost regions where blanets might exist.

The study of planets near black holes is deeply intertwined with some of the most fundamental
unresolved questions in cosmology and astrophysics. It offers a unique interdisciplinary lens
through which to investigate the nature of dark matter (via primordial black holes), the formation
and evolution of black holes and galaxies, and the ultimate adaptability of life in the universe.
While many theoretical divergences and elusive observables persist, the rapid advancements in
observational technology and theoretical modeling promise to unveil profound insights into these
exotic systems, fundamentally expanding our understanding of where and how life might arise in
the cosmos.
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