

  Tactical and Strategic Assessment of the Local Galactic Neighborhood

  Brendan Sechter

  2026-03-02




Tactical and Strategic Assessment of the Local Galactic Neighborhood

The companion article Causality and First-Mover Advantage in Lightcone-Based Competitive Intergalactic Colonization argued that the Fermi Paradox is best understood as a consequence of cosmic geometry. The speed of light imposes a hard causal boundary, the 2d2d-year offensive gap makes intergalactic warfare structurally asymmetric, and first-mover advantage under competitive expansion assumptions is effectively irreversible. That article developed the theoretical framework. This article applies it to the specific galaxies and galaxy groups in our neighborhood.

The purpose of this article is to provide a tactical and strategic map of the galaxies that surround the Milky Way. It catalogs the Local Group, the ring of giant galaxies that border it, the nearby galaxy groups and clusters within approximately 100 million light-years, and the large-scale structures that constrain expansion corridors. Each galaxy is assessed for strategic relevance based on stellar population, supermassive black hole mass, distance, and approach velocity.

This article also relaxes a critical assumption from the companion article. The 2d2d-year offensive gap analysis assumed that competing civilizations are nominal peers with comparable growth curves. This assumption is false in general. Growth curves differ. A civilization with an exceptional growth rate can overcome the 2d2d barrier not by traveling faster than light but by advancing so rapidly that the attacker’s intelligence about the defender is rendered obsolete before the attack arrives. The mathematical framework for this argument draws on logistic, exponential, and hyperbolic growth models, and on the fractal self-similarity of structures across cosmic scales.

This article also addresses a dimension of intergalactic competition that the companion article left implicit. The 2d2d-year observation delay does not merely constrain force projection. It creates a unique information environment in which deceptive signaling, strategic concealment, and false emissions operate independently of physical force. The interplay between concealment and growth rate has strategic consequences that the force-projection analysis alone does not capture.


Modeling Assumptions

This article and its companion operate under the following declared constraints. These are not predictions. They are the boundary conditions of the strategic model.


	No faster-than-light travel or communication.

	No exotic physics beyond general relativity and standard astrophysics.

	Directed energy extraction from supermassive black holes is physically possible but engineering-constrained.

	At least one expansionist civilization exists per competitive basin.

	Sustained exponential or logistic growth is achievable over intervals comparable to 2d2d.

	Comparable engineering efficiency across civilizations (similar extraction efficiency η\eta and mobilization fraction ff).

	Large-scale coordination is achievable within a civilization.

	Growth is ultimately resource-constrained, following logistic or plateaued trajectories.



All strategic conclusions in this article are conditional on these constraints. Where the article departs from these constraints for illustrative purposes, such as when examining hyperbolic growth models, the departure is explicitly noted.

The article distinguishes three quantities that are often conflated in discussions of SMBH-based capability.


	Energy envelope (EE): the total extractable energy from a SMBH, measured in joules. This is the ceiling on cumulative work.

	Power projection (PP): the sustainable output power deliverable at a distance, measured in watts. This determines instantaneous force.

	Momentum transfer capability: the actual destructive capacity at a target, which depends on beam collimation, distance attenuation, duration, and target coupling efficiency.



Asymmetry claims in this article, such as the 25:1 ratio between Andromeda and the Milky Way, refer to the energy envelope and assume comparable η\eta and ff unless otherwise stated. Strategic dominance depends on deliverable power at the target, not merely on the total energy budget.



Related Articles

For astronomical context, Introduction to Astronomy covers observational astronomy and the mathematical formulas for stellar distances, luminosity, and orbital mechanics. For spaceflight context, Introduction to Space Studies covers rocket propulsion, orbital mechanics, and the history of space operations. For evolutionary context, Human Evolution and the Great Filter catalogs every major branching point from the Last Universal Common Ancestor to Homo sapiens.
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The Local Group

The Milky Way belongs to the Local Group, a gravitationally bound collection of over 80 confirmed galaxies spanning roughly 10 million light-years. Recent catalogs list up to 134 known galaxies within one megaparsec of the barycenter, and the count grows as survey technology improves. Most members are dwarf galaxies with stellar populations ranging from a few thousand to a few billion stars. The Local Group is dominated by two large spirals, the Milky Way and Andromeda, and one medium spiral, Triangulum.

The total mass of the Local Group is approximately 2.3±0.6×1012M⊙2.3 \pm 0.6 \times 10^{12} M_\odot, with most of this mass concentrated in the dark matter halos of the Milky Way and Andromeda.

The zero-velocity surface, the boundary separating the Local Group from the Hubble flow, has a radius of approximately 1.18±0.151.18 \pm 0.15 megaparsecs from the barycenter. Beyond this boundary, galaxies participate in the general cosmic expansion. Within it, galaxies are gravitationally bound to the Local Group.


Subgroup Structure

The Local Group is not uniformly distributed. It has a dumbbell structure with two major lobes centered on the Milky Way and Andromeda respectively, separated by roughly 2.5 million light-years. There are four distinct substructures.

The Milky Way subgroup contains the Milky Way and approximately 61 confirmed satellite galaxies within 1.4 million light-years. The major satellites include the Large and Small Magellanic Clouds, the Sagittarius Dwarf Spheroidal, and roughly a dozen classical dwarf spheroidals. Dozens of ultra-faint dwarf galaxies have been discovered since 2005 through systematic sky surveys.

The Andromeda subgroup contains the Andromeda Galaxy and at least 35 known satellite galaxies, including M32, M110, NGC 147, NGC 185, IC 10, and the numbered Andromeda dwarfs from And I through And XXXIII and beyond.

The NGC 3109 association is a filamentary subgroup at the outskirts of the Local Group. Its membership in the Local Group is debated because it may lie outside the zero-velocity surface. Known members include NGC 3109, Sextans A, Sextans B, the Antlia Dwarf, Antlia B, and Leo P.

Several isolated members appear gravitationally unaffiliated with either major subgroup. These include IC 1613, WLM, the Phoenix Dwarf, Leo A, the Tucana Dwarf, the Cetus Dwarf, the Aquarius Dwarf, and the Sagittarius Dwarf Irregular Galaxy.



The Milky Way and Its Major Satellites

The following table lists the Milky Way and its most strategically significant satellites. Distances, star counts, and diameters are approximate and vary by source. Ultra-faint dwarf galaxies with fewer than approximately 100,000 stars are omitted from this table because their strategic resource value is negligible at intergalactic scales.














	Name
	Designation
	Type
	Distance
	Diameter
	Stars
	SMBH
	Notes





	Milky Way
	—
	SBbc
	—
	~100,000 ly
	100–400 billion
	~4 million M⊙M_\odot
	Home galaxy. Central SMBH is Sagittarius A*.



	Sagittarius Dwarf Spheroidal
	Sgr dSph
	dSph(t)
	~70,000 ly
	~10,000 ly
	~100 million
	None confirmed
	Being tidally disrupted. Streams wrap around the Milky Way. Contains globular cluster M54.



	Large Magellanic Cloud
	LMC
	SB(s)m
	~160,000 ly
	~14,000–32,000 ly
	20–30 billion
	None confirmed
	Largest satellite. Contains the Tarantula Nebula. Has its own satellite in the SMC.



	Small Magellanic Cloud
	SMC / NGC 292
	SB(s)m pec
	~200,000 ly
	~7,000–19,000 ly
	~3 billion
	None confirmed
	Connected to LMC by the Magellanic Bridge. Naked-eye object from the Southern Hemisphere.



	Ursa Minor Dwarf
	UGC 9749
	dSph
	~225,000 ly
	~2,200 ly
	Few million
	None confirmed
	Old stellar population. No ongoing star formation.



	Draco Dwarf
	UGC 10822
	dSph
	~260,000 ly
	~1,200 ly
	Few million
	None confirmed
	Very dark-matter-dominated.



	Sculptor Dwarf
	ESO 351-30
	dSph
	~290,000 ly
	~1,200 ly
	Few million
	None confirmed
	Prototypical dwarf spheroidal. Two distinct stellar populations.



	Sextans Dwarf
	—
	dSph
	~290,000 ly
	~8,400 ly
	Few million
	None confirmed
	Low surface brightness. Discovered 1990.



	Carina Dwarf
	ESO 206-G220
	dSph
	~330,000 ly
	~1,600 ly
	Few million
	None confirmed
	Episodic star formation history.



	Fornax Dwarf
	ESO 356-04
	dSph
	~460,000 ly
	~3,000–4,100 ly
	~10 million
	None confirmed
	Six globular clusters, unusually many for a dwarf.



	Leo II
	UGC 6253
	dSph
	~690,000 ly
	~4,200 ly
	Few million
	None confirmed
	Old stellar population.



	Leo I
	UGC 5470
	dSph
	~820,000 ly
	~2,000 ly
	Few million
	~3.3 million M⊙M_\odot (claimed)
	Possible SMBH comparable to Sagittarius A*. If confirmed, puzzlingly massive for a dwarf. Debated.







The Andromeda Subgroup














	Name
	Designation
	Type
	Distance
	Diameter
	Stars
	SMBH
	Notes





	NGC 185
	—
	dSph/dE3
	~2,080,000 ly
	~10,000 ly
	Few hundred million
	Uncertain
	Classified as Seyfert 2, the closest known Seyfert galaxy. Binary pair with NGC 147.



	IC 10
	UGC 192
	dIrr (IBm)
	~2,200,000 ly
	~5,000 ly
	Few hundred million
	None confirmed
	Only starburst galaxy in the Local Group. High density of Wolf-Rayet stars.



	Andromeda II
	And II
	dSph
	~2,220,000 ly
	~3,600 ly
	Few million
	None confirmed
	May be satellite of M31 or M33.



	M32
	NGC 221
	cE2
	~2,490,000 ly
	~8,000 ly
	~3 billion
	1.5–5 million M⊙M_\odot
	Compact elliptical prototype. Confirmed SMBH. Possibly a stripped remnant core.



	Andromeda Galaxy
	M31 / NGC 224
	SA(s)b
	~2,540,000 ly
	~152,000–220,000 ly
	~1 trillion
	100–140 million M⊙M_\odot
	Largest Local Group member. Approaching the Milky Way at ~110 km/s.



	NGC 147
	DDO 3
	dSph/dE5
	~2,580,000 ly
	~10,000 ly
	Few hundred million
	None confirmed
	Binary pair with NGC 185.



	M110
	NGC 205
	dE5 pec
	~2,690,000 ly
	~17,000 ly
	~10 billion
	None confirmed
	Second-brightest Andromeda satellite. Contains young blue stars despite elliptical classification.



	Triangulum Galaxy
	M33 / NGC 598
	SA(s)cd
	~2,730,000 ly
	~61,000 ly
	~40 billion
	None (upper limit <1,500 M⊙M_\odot)
	Third largest Local Group member. No SMBH. High star formation rate. Contains M33 X-7, a 15.7 M⊙M_\odot stellar black hole.







Isolated and Peripheral Members














	Name
	Designation
	Type
	Distance
	Diameter
	Stars
	SMBH
	Notes





	Phoenix Dwarf
	ESO 245-07
	dIrr/dSph
	~1,440,000 ly
	~1,500 ly
	Few million
	None confirmed
	Transition type. Some young blue stars.



	NGC 6822
	IC 4895
	IB(s)m
	~1,630,000 ly
	~7,000 ly
	~10 million
	None confirmed
	Barnard’s Galaxy. Nearest non-satellite irregular galaxy.



	IC 1613
	UGC 668
	IAB(s)m
	~2,380,000 ly
	~11,200 ly
	~100 million
	None confirmed
	Very low metallicity. Important distance calibrator.



	Cetus Dwarf
	—
	dSph
	~2,460,000 ly
	~3,000 ly
	Few million
	None confirmed
	Isolated dwarf spheroidal.



	Leo A
	DDO 69
	IBm
	~2,600,000 ly
	~2,200 ly
	Few million
	None confirmed
	Highly isolated. Over 90% of stars formed within the last 8 billion years.



	Pisces Dwarf
	LGS 3
	dIrr/dSph
	~2,600,000 ly
	~1,700 ly
	Few million
	None confirmed
	Transition type. May be satellite of M33 or M31.



	Tucana Dwarf
	—
	dSph
	~2,840,000 ly
	~1,000 ly
	Few million
	None confirmed
	Extremely isolated. Only old stars. Possible backsplash galaxy of Andromeda.



	Pegasus Dwarf Irregular
	DDO 216
	dIrr/dSph
	~3,000,000 ly
	~4,000 ly
	Few million
	None confirmed
	Transition type. Peripheral Andromeda associate.



	WLM
	DDO 221
	Ir+
	~3,100,000 ly
	~8,000 ly
	Few million
	None confirmed
	Very isolated. Low metallicity. Halo of ancient stars.



	Aquarius Dwarf
	DDO 210
	Im V
	~3,200,000 ly
	~2,000 ly
	Few million
	None confirmed
	Isolated. Preserved gas due to isolation.



	Sagittarius Dwarf Irregular
	ESO 594-04
	IB(s)m
	~3,500,000 ly
	~2,500 ly
	Few million
	None confirmed
	Among the most distant Local Group members. Not to be confused with Sgr dSph.



	NGC 3109
	DDO 236
	SB(s)m
	~4,350,000 ly
	~41,700 ly
	Few hundred million
	None confirmed
	Dominant member of the NGC 3109 association. Magellanic-type spiral.



	Sextans A
	DDO 75
	IBm
	~4,660,000 ly
	~8,000 ly
	Few million
	None confirmed
	Square-shaped. Numerous star clusters. NGC 3109 association member.



	Sextans B
	DDO 70
	Im IV-V
	~5,100,000 ly
	~8,900 ly
	Few million
	None confirmed
	Most distant NGC 3109 association member.







Supermassive Black Holes in the Local Group

Only three Local Group galaxies have confirmed supermassive black holes. A fourth claim for Leo I remains actively debated. The following table summarizes the current state of SMBH detections in the Local Group.











	Galaxy
	SMBH
	Mass (M⊙M_\odot)
	Confidence
	Notes





	Milky Way
	Sagittarius A*
	4.3×1064.3 \times 10^6
	Confirmed, imaged by the Event Horizon Telescope in 2022
	Nobel Prize 2020 for discovery.



	Andromeda
	M31*
	1.01.0–1.4×1081.4 \times 10^8
	Confirmed
	Roughly 25 times more massive than Sagittarius A*. Exhibits X-ray flaring.



	M32
	—
	1.51.5–5×1065 \times 10^6
	Confirmed
	One of the smallest galaxies with a confirmed SMBH.



	Leo I
	—
	~3.3×1063.3 \times 10^6 (claimed)
	Debated
	If confirmed, puzzlingly massive for a dwarf galaxy. Some studies dispute the supermassive classification.



	Triangulum
	None
	<1,500 (upper limit)
	No SMBH
	Contains a 15.7 M⊙M_\odot stellar-mass black hole but no central SMBH.





The strategic implication is significant. In the framework developed in the companion article, a supermassive black hole defines a capability envelope for directed energy output. The maximum extractable rotational energy for an extreme Kerr black hole is approximately 29 percent of Mc2Mc^2. The Penrose process extracts rotational energy directly, while the Blandford-Znajek mechanism converts spin energy into relativistic jets.

The strategic capability of a SMBH-based system is not simply the total extractable energy. It is the product of three factors.

S=f⋅η⋅MSMBH⋅c2S = f \cdot \eta \cdot M_{\text{SMBH}} \cdot c^2

Here η\eta is the extraction efficiency, bounded above by 0.29 for an extreme Kerr black hole. The mobilization fraction ff represents the proportion of extracted energy that can be directed toward a strategic objective. For natural astrophysical jets, ff is determined by the jet’s collimation and duty cycle. For an engineered system, ff would depend on the civilization’s ability to control and redirect the extracted energy.

Under these assumptions and assuming comparable η\eta and ff for all SMBHs, the following order-of-magnitude comparison illustrates the energy hierarchy within the Local Group.









	SMBH
	Mass (M⊙M_\odot)
	Energy Envelope EmaxE_{\max} (29% of Mc2Mc^2)





	Sagittarius A*
	4.3×1064.3 \times 10^6
	∼2.2×1053\sim 2.2 \times 10^{53} J



	M31* (Andromeda)
	1.01.0–1.4×1081.4 \times 10^8
	∼5.2\sim 5.2–7.2×10547.2 \times 10^{54} J





These are energy envelopes, not power projections. The sustainable output power PP at a target depends additionally on beam collimation and distance attenuation. The energy envelope determines the total work a SMBH-based system can perform over its lifetime. The power projection determines whether that work can be delivered at a specific target at a specific time.

Assuming comparable η\eta and ff, Andromeda’s SMBH defines an energy envelope roughly 25 to 33 times larger than the Milky Way’s. In the Local Group, only the Milky Way, Andromeda, and possibly M32 and Leo I possess SMBHs that define a nontrivial capability envelope. This is not a symmetric deterrent.



The Milky Way and Andromeda Collision

Long-standing predictions held that the Milky Way and Andromeda would collide in approximately 4.5 billion years. A 2025 study published in Nature Astronomy, incorporating the latest Hubble and Gaia spacecraft data, substantially revised this estimate.

The revised analysis found that there is only a 50 percent probability of the two galaxies colliding within the next 10 billion years. The probability of collision within the next 5 billion years is approximately 2 percent. The gravitational influence of the Triangulum Galaxy increases the merger probability, but the Large Magellanic Cloud, whose orbit runs perpendicular to the Milky Way-Andromeda axis, makes the merger less probable. If a merger does occur, the most likely timeframe is 7 to 8 billion years from now.

This revision does not eliminate the strategic concern. Even without a direct collision, Andromeda is approaching the Milky Way at approximately 110 km/s. The two galaxies will continue to gravitationally interact regardless of whether they merge. For a civilization operating on Kardashev Type III timescales, the merger window is a geological certainty even if the precise timing is uncertain.




Beyond the Local Group


The Council of Giants

In 2014, Marshall McCall identified a ring of twelve large galaxies surrounding the Local Group, which he termed the Council of Giants. These galaxies sit at a radius of approximately 12 million light-years from the Local Group and may have gravitationally shepherded the evolution of the Local Group through tidal interactions. Ten of the twelve are spiral galaxies. Two are giant ellipticals, Maffei 1 and Centaurus A, positioned on opposite sides of the ring.














	Name
	Designation
	Type
	Distance (Mly)
	Diameter (ly)
	Stars
	SMBH (M⊙M_\odot)
	Notes





	NGC 55
	NGC 55
	SB(s)m
	6.5
	~70,000
	Unknown
	Unknown
	String of Pearls Galaxy. Magellanic-type barred spiral. Foreground object near the Sculptor Group.



	NGC 300
	NGC 300
	SA(s)d
	6.1
	~94,000
	Unknown
	Unknown
	Sculptor Pinwheel. Gravitationally bound pair with NGC 55.



	IC 342
	IC 342
	SAB(rs)cd
	7–11
	~75,000
	~100 billion
	1.5–5 million
	Hidden Galaxy. Obscured by the Zone of Avoidance. Would be a prominent naked-eye object without foreground dust.



	Maffei 1
	Maffei 1
	E3
	10–13
	~125,000
	Unknown
	Not detected
	Closest giant elliptical to the Milky Way. One of two ellipticals in the Council.



	Maffei 2
	Maffei 2
	SAB(rs)bc
	10
	~15,000
	Billions
	Unknown
	Barred spiral with asymmetric arms. Starburst core. Heavily obscured.



	NGC 4945
	NGC 4945
	SB(s)cd
	11
	~85,000
	Unknown
	~1.5 million
	Edge-on Seyfert II. Second strongest hard X-ray source known.



	NGC 253
	NGC 253
	SAB(s)c
	11.4
	~70,000
	Unknown
	~5 million
	Sculptor Galaxy. Starburst nucleus. Brightest galaxy in the Sculptor Group.



	M81
	NGC 3031
	SA(s)ab
	12
	~96,000
	250–400 billion
	~70 million
	Bode’s Galaxy. Grand design spiral. Gravitationally interacting with M82.



	M82
	NGC 3034
	I0
	12
	~41,000
	Unknown
	~30 million
	Cigar Galaxy. Star formation rate ten times normal, triggered by M81 interaction.



	Centaurus A
	NGC 5128
	S0/E pec
	13
	~60,000
	Unknown
	~55 million
	Nearest giant radio galaxy. Prominent dust lane from merger remnant. Relativistic jets.



	Circinus Galaxy
	ESO 97-G13
	SA(s)b
	13
	~100,000
	Unknown
	~1.7 million
	Closest major Active Galactic Nucleus, or AGN. Hidden behind the Milky Way disk.



	M83
	NGC 5236
	SAB(s)c
	15
	55,000–118,000
	Unknown
	Recently detected
	Southern Pinwheel. High star formation rate. SMBH confirmed by the James Webb Space Telescope, or JWST, in 2025.



	M94
	NGC 4736
	(R)SA(r)ab
	16
	~70,000
	Unknown
	~16 million
	Starburst ring. SMBH mass measured by JWST in 2025.



	M64
	NGC 4826
	(R)SA(rs)ab
	17–24
	54,000–70,000
	~100 billion
	~8.4 million
	Black Eye Galaxy. Two counter-rotating disks of roughly equal mass.





The Council of Giants represents the immediate border around the Local Group. These twelve galaxies function as the marcher lords of the Local Group’s frontier. Any civilization expanding outward from the Milky Way would encounter these galaxies first, and any expansion originating from the Virgo Cluster toward the Local Group must pass through this ring. Colonizing the Council is not solely about resources. It is about establishing an early warning array for expansion waves or sweeps originating from deeper in the Virgo filament. A civilization that controls even a subset of the Council gains forward observation posts at 6 to 24 million light-years from the Local Group’s center.

The two giant ellipticals are of particular strategic interest. Giant ellipticals contain predominantly old stellar populations, meaning they have had the longest time for hypothetical civilizations to develop. Centaurus A at 13 million light-years is particularly notable. It is the nearest giant radio galaxy, possesses a 55 million solar mass SMBH, and its relativistic jets demonstrate that energy extraction from its SMBH is already occurring naturally. If directed SMBH-based force projection is achievable at the engineering level, Centaurus A represents a capability envelope roughly 13 times larger than Sagittarius A*. Its existing jets confirm that the physical process is already active in this system.



Nearby Galaxy Groups

Beyond the Council of Giants, the following table summarizes the major galaxy groups and clusters within approximately 100 million light-years of the Milky Way.











	Group
	Distance (Mly)
	Major Members
	Galaxies
	Notes





	IC 342/Maffei Group
	10–11
	IC 342, Maffei 1, Maffei 2
	~18
	Hidden behind the Zone of Avoidance. Nearest group besides Sculptor.



	Sculptor Group
	11–12
	NGC 253, NGC 55, NGC 300, NGC 7793
	~13
	Nearest group to the Local Group. Likely gravitationally unbound.



	M81 Group
	12
	M81, M82, NGC 2403
	~40
	Two subgroups approaching each other. Total mass ~1012M⊙10^{12} M_\odot.



	Centaurus A/M83 Group
	12–15
	NGC 5128, M83, NGC 4945
	~30
	Two subgroups in binary configuration analogous to the Milky Way and Andromeda.



	Canes Venatici I Cloud
	13–16
	M94, M64
	Loose
	Not dynamically relaxed. Crossing time exceeds the age of the universe.



	M101 Group
	21
	M101
	~9
	Dominated by M101, the Pinwheel Galaxy, which is 70 percent larger than the Milky Way.



	Canes Venatici II Cloud
	30
	M106
	Loose
	M106 has water masers that enabled the first direct galactic distance measurement.



	Leo I Group
	30–35
	M96, M95, M105
	8–24
	Three Messier objects in a single group. M105 contains a ~200 million M⊙M_\odot SMBH.



	Leo Triplet
	33–35
	M65, M66, NGC 3628
	3+
	Strongly interacting trio. M66 contains a ~170 million M⊙M_\odot SMBH. NGC 3628 has a 300,000 ly tidal tail.



	Dorado Group
	49–62
	NGC 1566, NGC 1553
	Rich
	One of the richest southern hemisphere galaxy groups.



	Fornax Cluster
	62–66
	NGC 1399, NGC 1316, NGC 1365
	~350
	Second richest cluster within 100 Mly. Total mass ~7×1013M⊙7 \times 10^{13} M_\odot.



	Virgo Cluster
	54–65
	M87, M49, M86, M84
	1,300–2,000
	Largest structure within 100 Mly. Center of the Virgo Supercluster. Mass ~1.2×1015M⊙1.2 \times 10^{15} M_\odot.







Notable Galaxies Beyond the Local Group

The following table highlights individual galaxies of particular strategic interest beyond the Local Group. Selection criteria include SMBH mass, unusual properties, or strategic positioning.














	Name
	Designation
	Type
	Distance (Mly)
	Diameter (ly)
	Stars
	SMBH (M⊙M_\odot)
	Notes





	NGC 2403
	NGC 2403
	SAB(s)cd
	8–10
	65,000–98,000
	~50 billion
	Unknown
	Second largest in the M81 Group. M33 analog.



	M101
	NGC 5457
	SAB(rs)cd
	21
	~170,000
	~1 trillion
	Unknown
	Pinwheel Galaxy. 70% larger than the Milky Way. 1,264 cataloged HII regions.



	M106
	NGC 4258
	SAB(s)bc
	22–25
	~135,000
	Unknown
	~39 million
	Water masers. Two extra spiral arms from AGN jets.



	NGC 1023
	NGC 1023
	SB0
	30–36
	~60,000
	Unknown
	~44 million
	Lenticular galaxy. Central stellar disk around the SMBH.



	M105
	NGC 3379
	E1
	32
	~54,000
	Unknown
	~200 million
	Largest SMBH in the Leo I Group. Elliptical galaxy.



	M66
	NGC 3627
	SAB(s)b
	33
	~87,000
	Unknown
	~170 million
	Leo Triplet member. Displaced bulge from gravitational encounter.



	NGC 1365
	NGC 1365
	SB(s)b
	56
	~200,000
	Unknown
	~2 million
	Great Barred Spiral. SMBH spins at 84% of the speed of light. Fornax Cluster member.



	NGC 1316
	NGC 1316
	SAB0
	60
	~50,000
	Unknown
	130–150 million
	Fornax A. Fourth brightest radio source at 1400 MHz.



	NGC 1399
	NGC 1399
	cD/E1
	66
	~365,000
	Unknown
	~510 million
	Central galaxy of the Fornax Cluster. Galactic cannibal. ~6,450 globular clusters.







The Virgo Cluster and M87

The Virgo Cluster deserves a dedicated assessment because it is the dominant gravitational structure within 100 million light-years of the Milky Way. It contains 1,300 to 2,000 galaxies, has a total mass of approximately 1.2×1015M⊙1.2 \times 10^{15} M_\odot, and spans roughly 15 million light-years. The Local Group is falling toward the Virgo Cluster at approximately 250 to 300 km/s. Over cosmic timescales, the Local Group will merge into the Virgo Cluster.

The central galaxy of the Virgo Cluster is Messier 87, or M87. M87 is the single most important extragalactic object for strategic assessment within 100 million light-years.








	Property
	Value





	Designation
	NGC 4486, Virgo A



	Type
	Giant elliptical, E0-1, cD



	Distance
	53.5 million light-years



	Core diameter
	~120,000 light-years



	Extended halo diameter
	Greater than 1,000,000 light-years



	Total mass
	~2.7×1012M⊙2.7 \times 10^{12} M_\odot



	Stars
	Greater than 1 trillion



	Globular clusters
	~12,000



	SMBH mass
	6.5×109M⊙6.5 \times 10^{9} M_\odot



	SMBH imaging
	First SMBH ever directly imaged, Event Horizon Telescope, April 2019



	Relativistic jet
	Extends ~5,000 light-years from the nucleus





M87’s supermassive black hole at 6.5 billion solar masses is roughly 1,500 times more massive than the Milky Way’s Sagittarius A*. It is roughly 50 times more massive than Andromeda’s SMBH. In this capability regime, M87 defines a capability envelope that exceeds anything in the Local Group by orders of magnitude. The maximum extractable rotational energy for M87’s SMBH is approximately 3.4×10563.4 \times 10^{56} joules, assuming the extreme Kerr bound of 29 percent of Mc2Mc^2. Its existing relativistic jet, extending 5,000 light-years from the nucleus, demonstrates that energy extraction from the SMBH is already occurring naturally and at enormous scale.

The jet’s physical extent provides a basis for assessing the scale of potential force projection. If an advanced civilization could substantially increase jet collimation beyond natural AGN divergence, the resulting beam projected across 53 million light-years could in principle concentrate energy on targets within the Local Group. Under these assumptions, if a civilization in the Virgo Cluster achieved directed control of M87’s jet output, the energy asymmetry relative to the Local Group would be overwhelming. This reinforces the detection-as-warning principle from the companion article. If M87’s jet fluctuates toward the Local Group, under worst-case assumptions, the consequences are already in transit at the speed of light.

The other major Virgo Cluster galaxies reinforce this assessment. M49 at 56 million light-years has a 500 million solar mass SMBH and ~200 billion stars. M84 at 60 million light-years has a 1.5 billion solar mass SMBH. NGC 1399 in the Fornax Cluster, while not a Virgo member, has a 510 million solar mass SMBH at 66 million light-years. The concentration of massive SMBHs in clusters is a consequence of hierarchical structure formation. Galaxies merge. SMBHs merge. The largest SMBHs are found in the largest galaxies at the centers of the largest clusters.




The Strategic Landscape


The Local Sheet

The Local Sheet is a galaxy filament approximately 34 million light-years in diameter and 1.5 million light-years thick. It contains the Local Group, the Sculptor Group, the M81 Group, the IC 342/Maffei Group, and the Centaurus A/M83 Group. All member groups share a coherent peculiar velocity, meaning they move together relative to the cosmic microwave background.

The Local Sheet is the natural unit of strategic assessment for near-term expansion. All galaxies within the Local Sheet are reachable within the same order of magnitude of travel time. The sheet structure means expansion within the plane is geometrically favored over expansion perpendicular to it.

The coherent peculiar velocity of the Local Sheet, moving together toward the Great Attractor, has a further strategic implication. All civilizations within the Sheet share a common reference frame and a common gravitational trajectory. This shared context makes the dynamics of competition or coordination within the Sheet more mathematically predictable than interactions across different superclusters with divergent peculiar velocities. The Local Sheet defines a natural unit of strategic coherence.



The Laniakea Supercluster

The Virgo Supercluster, long considered the Local Group’s parent structure, was revealed in 2014 by Tully and collaborators to be itself a subsystem of a larger structure called the Laniakea Supercluster. The name derives from Hawaiian meaning “immeasurable heaven.”

Laniakea encompasses approximately 100,000 galaxies across roughly 400 million light-years. The gravitational center of Laniakea is the Great Attractor, a region of concentrated mass approximately 220 million light-years away in the direction of the constellation Centaurus. The entire Local Group is moving toward the Great Attractor at approximately 600 km/s. Beyond Laniakea, the Shapley Supercluster at roughly 650 million light-years exerts a further gravitational pull.

For the purposes of intergalactic strategy, Laniakea defines the maximum natural theater of operations. Expansion beyond Laniakea requires crossing cosmic voids or traversing filaments that connect to other superclusters. Within Laniakea, the cosmic web topology channels expansion along filaments and through clusters, as argued in the companion article.



The Local Void

The Local Void is a vast, mostly empty region of space adjacent to the Local Group. It is at least 150 million light-years across and possibly 300 million light-years or more. The local universe out to 300 megaparsecs is 15 to 50 percent less dense than surrounding regions. The Milky Way is moving away from the Local Void at approximately 270 km/s. This “push” from the void supplements the “pull” from the Virgo Cluster and the Great Attractor.

The Local Void represents a direction of minimal threat and minimal resources. Any colonizing civilization expanding from the Local Group would encounter dramatically reduced density of potential staging points in the void direction versus the Virgo direction. The void serves as a natural flank. It is a low-probability theater rather than an impossibility, but the dramatic reduction in galaxy density makes it an unlikely corridor for either attack or expansion.

The contrast between these two directions defines the fundamental geometry of the local strategic landscape. The Virgo filament is a high-resource, high-threat corridor. It concentrates the richest galactic resources and the highest density of potential competitors. Any civilization expanding along this filament gains access to progressively larger resource bases but also exposes itself to progressively more capable potential adversaries.

The Local Void, by contrast, is a low-resource, high-safety corridor. In a competitive universe consistent with the “grabby civilizations” model, the void may be the only region where a civilization can position low-temperature infrastructure at the cosmic microwave background floor of 2.7 K without exposure to the high-traffic filament corridors. A strategically aware civilization might use the void for concealed manufacturing or cold computing infrastructure while maintaining its primary expansion along the filament.

The filament connecting the Local Group to the Virgo Cluster is the main axis of strategic concern.




Threat Analysis


Andromeda as a Non-Peer Adversary

The companion article’s framework analyzed intergalactic conflict under the assumption of nominal peers. Two Type III civilizations separated by distance dd face a 2d2d-year offensive gap and a pseudo-realtime defensive advantage. This analysis produces zones of protracted peer conflict at the boundaries of expanding spheres of control.

This framework is correct for civilizations of comparable resource bases. It is insufficient for the specific case of the Milky Way and Andromeda.

Andromeda is not a peer. The resource asymmetry between the two galaxies is severe and multi-dimensional.










	Dimension
	Milky Way
	Andromeda
	Ratio





	Stars
	100–400 billion
	~1 trillion
	2.5:1 to 10:1 in Andromeda’s favor



	SMBH mass
	~4 million M⊙M_\odot
	100–140 million M⊙M_\odot
	~25:1 to 35:1 in Andromeda’s favor



	Satellite galaxies
	~61
	~35
	~1.7:1 in Milky Way’s favor (but quality favors Andromeda with M32 and M110)



	Diameter
	~100,000 ly
	~152,000–220,000 ly
	1.5:1 to 2.2:1 in Andromeda’s favor



	Confirmed SMBH satellites
	1 (Leo I, debated)
	1 (M32)
	Roughly equal





The SMBH asymmetry is the most strategically significant under the capability envelope framework. If a supermassive black hole’s rotational energy can be extracted and directed, the maximum energy available scales with the black hole mass. Under these assumptions, Andromeda’s SMBH can in principle extract roughly 25 times more energy than the Milky Way’s through the Penrose process. In this capability regime, any directed energy output powered by Andromeda’s SMBH would exceed anything the Milky Way could generate by at least an order of magnitude.

Even if both galaxies harbored Type III civilizations that developed simultaneously, a conflict between them would not be a peer conflict. It would be an asymmetric conflict where Andromeda holds a decisive resource advantage in the single most important dimension of strategic capability.

The 2d2d-year offensive gap still applies. At 2.54 million light-years of separation, the offensive gap is 5.08 million years. Intelligence about the other galaxy is 2.54 million years old. This gap provides a defensive buffer, but it does not eliminate the resource asymmetry. Over timescales of billions of years, a 25:1 SMBH advantage dominates the temporary defensive benefit of the 2d2d gap.



The SMBH Hierarchy

The distribution of SMBH masses across the local galactic neighborhood produces a natural threat hierarchy. The following table lists the most massive known SMBHs within 100 million light-years, sorted by mass.










	Galaxy
	Distance (Mly)
	SMBH Mass (M⊙M_\odot)
	Context





	M87
	53.5
	6.5×1096.5 \times 10^9
	Virgo Cluster center. Existing relativistic jet.



	M84
	60
	1.5×1091.5 \times 10^9
	Virgo Cluster. Markarian’s Chain member.



	NGC 1399
	66
	5.1×1085.1 \times 10^8
	Fornax Cluster center.



	M49
	56
	5.0×1085.0 \times 10^8
	Virgo Cluster. Most luminous Virgo member.



	M105
	32
	2.0×1082.0 \times 10^8
	Leo I Group.



	M66
	33
	1.7×1081.7 \times 10^8
	Leo Triplet.



	NGC 1316
	60
	1.31.3–1.5×1081.5 \times 10^8
	Fornax A. Radio source.



	Andromeda
	2.5
	1.01.0–1.4×1081.4 \times 10^8
	Nearest major threat.



	M81
	12
	7.0×1077.0 \times 10^7
	Council of Giants. Nearest large SMBH outside Local Group.



	Centaurus A
	13
	5.5×1075.5 \times 10^7
	Nearest giant radio galaxy. Existing relativistic jets.



	NGC 1023
	30–36
	4.4×1074.4 \times 10^7
	NGC 1023 Group.



	M106
	22–25
	3.9×1073.9 \times 10^7
	Canes Venatici II. Water masers.



	M82
	12
	3.0×1073.0 \times 10^7
	Council of Giants. Starburst galaxy.



	M94
	16
	1.6×1071.6 \times 10^7
	Canes Venatici I. JWST 2025 measurement.



	M64
	17–24
	8.4×1068.4 \times 10^6
	Black Eye Galaxy. Counter-rotating disks.



	Milky Way
	0
	4.3×1064.3 \times 10^6
	Home galaxy. Sagittarius A*.





The Milky Way’s Sagittarius A* ranks near the bottom of this hierarchy. M87’s SMBH is 1,500 times more massive. Andromeda’s SMBH is 25 times more massive. Even M81 at 12 million light-years has an SMBH 16 times more massive than ours. In this capability regime, where SMBH mass correlates with the upper bound of directed energy output, the Milky Way occupies a modest position in the local hierarchy.



The Quiet Andromeda Problem

The absence of detectable Type III signatures from Andromeda is consistent with the thesis of the companion article. Andromeda is 2.5 million light-years away. Any observation of Andromeda is 2.5 million years old. If a civilization in Andromeda reached Type III status fewer than 2.5 million years ago, the information has not arrived yet.

Andromeda contains approximately 1 trillion stars and a 100 million solar mass SMBH. If it remains observationally silent for the next 2.5 million years, the silence implies one of two possibilities. Either the Milky Way civilization is a first mover in the Local Group, with no peer civilization having yet emerged in Andromeda. Or a civilization in Andromeda has already transitioned to a thermodynamically cold state, operating at temperatures near the cosmic microwave background floor, in a regime that the G-HAT infrared survey cannot detect. The G-HAT survey examined approximately 100,000 galaxies for anomalous mid-infrared emission and found no candidates with more than 85 percent of their starlight reprocessed into waste heat. A civilization operating at 2.7 K or below would fall well below the survey’s detection threshold.

Both possibilities carry distinct strategic implications. The first-mover scenario suggests urgency. The cold-state scenario suggests that a potentially advanced civilization is already present but deliberately undetectable.




Information Warfare Across Intergalactic Distances


The Observation Delay as Information Asymmetry

The 2d2d-year offensive gap is not only a constraint on force projection. It is an information environment. Every observation of a distant galaxy is a historical record. An observer in the Milky Way looking at Andromeda sees it as it was 2.5 million years ago. Any civilization in Andromeda looking at us sees us 2.5 million years in the past.

In conventional military doctrine, information warfare supports kinetic operations. Intelligence informs targeting. Electronic warfare degrades enemy command and control. Psychological operations shape adversary decision-making. In intergalactic conflict, information warfare operates on a fundamentally different timescale than force projection. A deceptive signal sent today will not be observed for millions of years, but it costs almost nothing to transmit compared to force projection.

The observation delay transforms information from a supporting function into an independent strategic domain. A civilization that controls what distant observers believe about its capabilities, location, and intentions gains an advantage that may be as consequential as physical force superiority.



Concealment

The simplest form of information warfare is concealment. A civilization that does not broadcast its existence, does not modify its stellar environment in detectable ways, and does not emit waste radiation above natural background levels is effectively invisible to distant observers.

Kipping and Teachey demonstrated in 2016 that a civilization could cloak its planet’s transit signature using a directed laser array. By emitting photons timed to coincide with the planet’s transit across its host star, the civilization could cancel the transit dip observed by distant telescopes. The power requirement for broadband cloaking is on the order of 30 MW. This is within the capability of a Type 0 civilization. Selective chromatic cloaking, targeting specific wavelength bands used by transit surveys, requires even less power.

This result has a significant strategic implication. The 30 MW cloaking figure suggests that visibility is a choice. Any Type II or higher civilization that is observed has either chosen to be visible or has not considered concealment. Deliberate visibility may serve as a deterrent signal or as a lure for a false flag operation.

However, the Kipping and Teachey analysis addresses targeted cloaking toward known observer directions. Two distinct concealment regimes should be distinguished. Targeted cloaking toward known or suspected observers requires low energy expenditure, on the order of tens of megawatts. Omnidirectional, broadband stealth, concealing a planet’s transit signature from all possible observer directions simultaneously, is more complex but still substellar in scale. Neither regime requires energy output comparable to the star itself. The asymmetry between concealment cost and force projection cost remains substantial in both regimes.

The dark forest hypothesis follows directly from this asymmetry. If concealment is cheap, detection is uncertain, and the consequences of being detected are potentially existential, then the rational strategy is to remain silent. Every civilization that independently derives this logic arrives at the same conclusion. The resulting equilibrium is a universe of hidden observers, each watching for signs of others while broadcasting nothing.



Deceptive Signaling

Concealment is passive. Deception is active. A civilization engaging in deceptive signaling does not merely hide its existence. It projects false information designed to mislead observers about its capabilities, location, population, technology level, or intentions.

Several forms of deceptive signaling are possible across intergalactic distances.

False emissions. A civilization could modify the spectral output of stars under its control to mimic natural astrophysical processes. It could also engineer artificial emissions that suggest a less advanced or more advanced civilization than actually exists. Appearing less advanced invites complacency from potential rivals. Appearing more advanced invites deterrence.

Positional misdirection. Because observations are delayed by millions of years, a civilization could broadcast from locations it has already abandoned, creating the illusion of presence in regions it no longer occupies. It could also broadcast false signatures from locations it has never occupied, scattering potential attackers across multiple false targets.

Capability masking. A civilization could deliberately throttle its visible technological development, suppressing the waste heat signatures, megastructure construction evidence, and electromagnetic emissions that would reveal its true capability. The Dyson sphere, commonly proposed as the signature of an advanced civilization, is precisely the kind of structure that a strategically aware civilization would avoid building in its detectable form.

Military deception doctrine provides the conceptual vocabulary for these strategies. In Western military tradition, deception is defined as actions executed to deliberately mislead adversary decision makers. The Russian concept of maskirovka encompasses a broader category that includes strategic deception at the national and civilizational level. Both traditions recognize that deception is most effective when it exploits the adversary’s existing assumptions and analytical frameworks.



Thermodynamic Constraints on Concealment

Perfect concealment is thermodynamically impossible for a sufficiently advanced civilization. Landauer’s principle establishes that erasing one bit of information dissipates at least kBTln2k_B T \ln 2 joules of energy as heat, where kBk_B is the Boltzmann constant and TT is the temperature of the computing environment. Any civilization performing computation, which is a prerequisite for technological civilization, must radiate waste heat.

A Type II civilization harnessing the full luminosity of its host star necessarily radiates approximately 3.8×10263.8 \times 10^{26} watts of waste heat. Waste heat cannot be eliminated. However, the detection problem is more nuanced than simple thermodynamic accounting suggests. Waste heat can be spectrally shifted to lower temperatures in the far infrared. It can be anisotropically radiated, directed into a narrow beam away from potential observers. It can be temporarily stored, though not indefinitely, by absorbing heat into massive thermal reservoirs. A strategically aware civilization might prioritize heat sinks and directed thermal disposal over Dyson spheres, which are effectively thermal beacons radiating isotropically. The total energy budget is conserved, but the detectability of that energy budget depends on the geometry and spectral distribution of the waste heat emission.

A further geometric cost applies to operating near the cosmic microwave background temperature. The Stefan-Boltzmann law dictates that power radiated scales as T4T^4. A radiator operating at 2.7 K emits approximately 3×10−63 \times 10^{-6} W/m2^2, roughly 1.5×1081.5 \times 10^{8} times less per unit area than a radiator at 300 K. To reject the waste heat from a stellar luminosity at the CMB temperature requires a radiative surface area on the order of 103210^{32} m^2, comparable to a sphere with a radius of several AU. CMB-temperature concealment is physically possible but requires infrastructure on a scale that may itself be detectable.

The Wright et al. Glimpsing Heat from Alien Technologies survey examined approximately 100,000 galaxies for anomalous mid-infrared emission that could indicate waste heat from Kardashev Type III civilizations. The survey found no candidates with more than 85 percent of their starlight reprocessed into waste heat. This null result is consistent with several interpretations. Type III civilizations may not exist in the surveyed volume. They may exist but have not yet enclosed enough stars to produce a detectable signal. Or they may exist and have found ways to manage their waste heat signature below the survey’s detection threshold.

The last interpretation is the most strategically interesting. A civilization aware of waste heat surveys could deliberately limit its energy harvesting to remain below detection thresholds. This represents a tradeoff between growth rate and concealment. The growth curve dynamics analyzed in the following section demonstrate that maximum growth rate is competitively selected. Concealment imposes a growth rate penalty. The civilization must choose between growing fast and hiding well.



The Game-Theoretic Landscape

The interaction between concealment, deception, and detection produces a game-theoretic landscape with multiple possible equilibria.

If detection is reliable and the consequences of detection are severe, the dominant strategy is concealment. This produces the dark forest equilibrium in which every civilization hides, no civilization broadcasts, and any civilization that does broadcast is eliminated by an observer that interprets the broadcast as a potential threat.

If detection is unreliable and deception is cheap, the dominant strategy shifts toward active deception. In this regime, civilizations may broadcast frequently but with false information, polluting the information environment so thoroughly that no observer can distinguish genuine signals from fabrications. This produces a fog of war equilibrium in which information abundance coexists with information unreliability.

The dark forest equilibrium is unstable against a single defector. The instability can be derived from the growth asymmetry framework.

Consider a universe of nn civilizations, all concealed, all growing at rate rcr_c (the maximum rate consistent with concealment constraints). Now suppose one civilization defects, abandoning concealment to grow at the unconstrained rate ru>rcr_u > r_c. The defector’s growth advantage over the 2d2d-year information delay is

R=e(ru−rc)⋅2dR = e^{(r_u - r_c) \cdot 2d}

For any nonzero growth rate differential (ru−rc)>0(r_u - r_c) > 0 and any nonzero distance dd, R>1R > 1 and grows exponentially with distance. The defector’s capability advantage compounds over the 2d2d delay. By the time concealed civilizations detect the defector’s expansion, the defector has already advanced by e(ru−rc)⋅2de^{(r_u - r_c) \cdot 2d} relative to their expectations.

The concealment equilibrium therefore breaks because concealment imposes an opportunity cost that selection pressure erodes. Concealment constrains growth rate. Growth rate determines competitive survival. A civilization that grows faster, even at the cost of becoming detectable, asymptotically dominates civilizations that remain concealed.

Three boundary conditions can stabilize the concealment equilibrium against this instability.

First, if detection probability is high and retaliation is swift, defection carries immediate existential risk. In this regime, the expected cost of detection may exceed the expected benefit of faster growth. The concealment equilibrium is stable only if the probability of detection times the cost of retaliation exceeds the growth rate differential.

Second, universal mutual deterrence. If every civilization possesses a credible second-strike capability, defection is deterred regardless of growth rate advantage. This requires that the concealed civilizations have already achieved force projection capability sufficient to survive first contact, which is itself a substantial technological threshold.

Third, non-expansionist equilibria. If most civilizations reach a stable non-expansionist state before encountering competitors, the competitive selection pressure does not operate. The civilizational failure modes section discusses this possibility.

Outside these boundary conditions, the growth-dominance equilibrium prevails. Over cosmic timescales, the fastest-growing civilizations dominate regardless of their information warfare posture. This produces a growth-dominance equilibrium in which concealment is a transitional strategy rather than a stable endpoint.

The Schelling focal point concept suggests that civilizations facing these choices without prior communication may converge on the same strategy if one strategy is uniquely salient. The dark forest is one such focal point. The growth-dominance equilibrium is another. The two are in tension. A civilization cannot simultaneously maximize concealment and maximize growth.

The METI debate among human researchers is a small-scale instance of this dilemma. Proponents of Messaging Extraterrestrial Intelligence argue that active transmission is scientifically valuable and that concealment is futile given humanity’s existing electromagnetic leakage. Opponents argue that transmission is an irreversible decision made on behalf of the entire species without adequate risk assessment. The argument recapitulates at civilizational scale the tension between growth and concealment that defines the intergalactic information warfare landscape.

This tension connects directly to the colonization prioritization later in this article. The choice between colonizing nearby satellite galaxies quietly and rapidly industrializing the Milky Way’s resources is an instance of the concealment-growth tradeoff. The companion article’s analysis favors growth. The information warfare analysis suggests that concealment has value but is ultimately overridden by the competitive selection pressure for maximum growth rate.




Growth Curve Dynamics


The Uniform Growth Assumption

The companion article’s analysis of the 2d2d-year offensive gap assumed that competing civilizations are nominal peers, meaning they have comparable technological advancement rates. Under this assumption, the offensive gap is severe because the attacker must extrapolate 2d2d years of the defender’s advancement while the defender watches the attacker’s preparations in pseudo-realtime.

This assumption is restrictive. Growth rates differ. Civilizations do not advance at the same rate. The carrying capacities of their host galaxies differ. Their histories of cataclysm, resource availability, and technological paradigm all vary. Releasing the uniform growth assumption changes the strategic calculus substantially.



Three Growth Regimes

Three mathematical growth regimes are relevant to civilizational advancement. These are not mutually exclusive. A single civilization may pass through all three over its developmental arc. Let rr denote the intrinsic growth rate, KK denote the carrying capacity of the resource base, and N(t)N(t) denote the capability level at time tt.

Regime 1: Early exponential growth. The simplest model assumes that a civilization’s capabilities grow proportionally to its current capabilities. The differential equation is

dNdt=rN\frac{dN}{dt} = rN

with solution N(t)=N0ertN(t) = N_0 e^{rt}, where rr is the intrinsic growth rate and N0N_0 is the initial capability. Exponential growth is the default assumption in most SETI-adjacent literature. It describes a civilization that doubles its capabilities at a fixed interval, characterized by a doubling time td=ln2/rt_d = \ln 2 / r. Humanity’s technological capability has roughly followed an exponential curve over the past several centuries, with a doubling time on the order of decades.

An important caveat applies. Exponential growth over millions of years is not physically sustainable. The e2rde^{2rd} calculation that follows in this section demonstrates sensitivity to growth rate, not a literal trajectory. No civilization maintains a constant exponential rate across geological timescales. The exponential model is illustrative of the competitive dynamics, not a prediction of actual growth trajectories.

Regime 3: Logistic carrying-capacity plateau. A more realistic model incorporates a carrying capacity KK that limits growth as resources are consumed. The differential equation is

dNdt=rN(1−NK)\frac{dN}{dt} = rN\left(1 - \frac{N}{K}\right)

with solution N(t)=K1+(K−N0N0)e−rtN(t) = \frac{K}{1 + \left(\frac{K - N_0}{N_0}\right)e^{-rt}}. The growth curve is S-shaped. Early growth is approximately exponential. As the civilization approaches the carrying capacity of its resource base, growth slows and eventually plateaus. For a civilization confined to a single star system, KK is determined by the energy output of the star. For a galactic civilization, KK is determined by the total energy budget of the galaxy. A civilization that has consumed its galaxy’s carrying capacity is a mature Type III civilization and its growth has effectively stopped absent access to new galaxies.

Regime 2: Transitional hyperbolic feedback phase. A third model, less commonly discussed but potentially the most consequential, assumes that growth rate is proportional to the square of the current capability. The differential equation is

dNdt=kN2\frac{dN}{dt} = kN^2

with solution N(t)=N01−N0ktN(t) = \frac{N_0}{1 - N_0 k t}, which diverges to infinity as tt approaches ts=1N0kt_s = \frac{1}{N_0 k}. This produces a finite-time singularity where capabilities theoretically grow without bound in finite time. Heinz von Foerster, Patricia Mora, and Lawrence Amiot demonstrated in 1960 that historical world population data follows a hyperbolic growth function with a projected singularity around November 2026. The actual population trajectory has undergone an “avoided crossing” as fertility rates fall below replacement levels. The mathematical singularity does not occur. Physical laws, entropy constraints, and the speed of light force the hyperbolic trajectory into an avoided crossing, transitioning into a steep logistic curve. The resulting trajectory is not the singularity but what might be called the steepest possible curve, the fastest growth rate that physical constraints permit. This steepest possible curve is what defines the winning expansionist actor in a competitive universe.

Hyperbolic growth describes autocatalytic processes where capability generates more capability in a feedback loop. Technological progress may exhibit hyperbolic characteristics during certain paradigm transitions, as each technological breakthrough enables faster subsequent breakthroughs. The transition from agricultural to industrial to digital civilization shows accelerating rates of change that resemble a hyperbolic curve more closely than an exponential one.



The Asymmetric Singularity Ratio

The relationship between a civilization’s doubling time tdt_d and the information lag dd determines whether the 2d2d-year offensive gap provides meaningful protection.

If td≪dt_d \ll d, the civilization doubles its capabilities many times during the information delay. The attacker is effectively fighting a civilization that has undergone 2d/td2d / t_d doublings since the attacker’s last observation. For d=2.54d = 2.54 million years (Andromeda) and td=50t_d = 50 years, this is approximately 101,600 doublings. The attacker’s intelligence bears no relationship to the defender’s actual state. The attacker is fighting a qualitatively different entity than the one it observed.

Conversely, if td≫dt_d \gg d, the civilization changes slowly relative to the information lag. The attacker’s intelligence is still approximately valid when the sweep arrives. The 2d2d gap provides only a modest defensive buffer.

The ratio d/tdd / t_d is the asymmetric singularity ratio. When it is large, the information gap is strategically decisive. When it is small, the conflict resembles a conventional engagement with slightly delayed intelligence.



Exceptional Growth and the 2d2d Barrier

The 2d2d-year offensive gap measures the information delay between two civilizations separated by distance dd. Under the modeling assumptions above, the attacker launches an offensive based on intelligence about the defender that is dd years old at the time of launch. The attack arrives dd years later. The defender’s actual capabilities at the time of the sweep’s arrival are 2d2d years ahead of the attacker’s intelligence.

Let NA(t)N_A(t) be the attacker’s capabilities and ND(t)N_D(t) be the defender’s capabilities. The attacker designs the sweep at time t0t_0 to overcome ND(t0−d)N_D(t_0 - d), the defender’s capabilities as observed dd years ago. The sweep arrives at time t0+dt_0 + d. The defender’s actual capabilities at that time are ND(t0+d)N_D(t_0 + d).

For the sweep to succeed, the force of the sweep must exceed ND(t0+d)N_D(t_0 + d). The ratio of the defender’s actual capabilities to the attacker’s estimate is

R=ND(t0+d)ND(t0−d)R = \frac{N_D(t_0 + d)}{N_D(t_0 - d)}

For exponential growth with rate rr:

Rexp=e2rdR_{\text{exp}} = e^{2rd}

For a doubling time TT, r=ln2/Tr = \ln 2 / T, and R=22d/TR = 2^{2d/T}. With d=2.54d = 2.54 million light-years (Andromeda) and T=50T = 50 years (aggressive technological doubling), R=2101,600R = 2^{101,600}, a number so large that it has no physical meaning.

The 2d2d gap for intergalactic distances already renders exponential-growth peers mutually unpredictable. Neither side can meaningfully estimate the other’s capabilities after 2d2d years of exponential advancement. The attacker’s sweep and the defender’s preparations are both designed in ignorance.

For hyperbolic growth, the situation is qualitatively worse. If the defender’s growth follows ND(t)=N0/(1−N0kt)N_D(t) = N_0 / (1 - N_0 k t), and the finite-time singularity tst_s falls within the 2d2d-year window, then the defender’s capabilities at the time of the sweep’s arrival are theoretically infinite. No sweep designed at any earlier time can account for post-singularity capabilities.

In practice, physical singularities do not occur. Hyperbolic growth encounters real-world constraints and undergoes an avoided crossing into a logistic or sub-exponential regime. But the strategic implication remains. A civilization whose growth rate is significantly faster than its rival’s can overcome the 2d2d barrier not by shortening the distance but by making the attacker’s intelligence so obsolete that the sweep is insufficient.



Non-Peer Conflicts and Growth Asymmetry

The 2d2d-year offensive gap produces a different outcome in non-peer conflicts.

Consider two civilizations separated by distance dd. Civilization A has growth rate rAr_A. Civilization B has growth rate rBr_B. The general instability ratio is

R=e(rA−rB)⋅2dR = e^{(r_A - r_B) \cdot 2d}

When (rA−rB)⋅2d≫1(r_A - r_B) \cdot 2d \gg 1, the asymmetry dominates. A’s capabilities at the time of engagement exceed B’s expectations by a factor that grows exponentially with the product of the growth rate differential and the distance.

The instability condition defines a threshold. If (rA−rB)⋅2d≫1(r_A - r_B) \cdot 2d \gg 1, the faster grower holds decisive advantage. If (rA−rB)⋅2d≪1(r_A - r_B) \cdot 2d \ll 1, the conflict is approximately symmetric and the 2d2d gap provides meaningful defensive buffer.

Three conditions can stabilize the 2d2d gap against growth asymmetry. First, equal growth rates (rA≈rBr_A \approx r_B). Second, early detection with overwhelming retaliatory capability. Third, growth plateau before the expansion domains overlap, meaning both civilizations reach their carrying capacity KK before their light cones intersect.

When (rA−rB)⋅2d≫1(r_A - r_B) \cdot 2d \gg 1 and none of the stability conditions hold, the faster-growing civilization benefits disproportionately from the 2d2d gap. Its growth during the information delay exceeds what the slower civilization can predict or prepare for.

This asymmetry reverses the offensive disadvantage of the 2d2d gap.

The faster grower benefits from the delay only if its growth persists over the relevant 2d2d interval. If A’s growth transitions to a logistic plateau before the 2d2d window closes, the instability attenuates. This ties the asymmetric growth advantage directly to the logistic plateau transition analyzed below.

The 2d2d gap was derived under the assumption that the defender’s pseudo-realtime observation confers an advantage. But if the attacker is growing significantly faster than the defender, the attacker’s capabilities at the time of the sweep’s design already exceed the defender’s capabilities at the time of the sweep’s arrival. The sweep is designed by a more advanced civilization against a less advanced one. The 2d2d-year-old intelligence about the defender is still accurate enough because the defender has not advanced significantly in the intervening period.

This is the Andromeda scenario. If a civilization in Andromeda has access to 1 trillion stars and a 100 million solar mass SMBH, while a civilization in the Milky Way has access to 100 to 400 billion stars and a 4 million solar mass SMBH, the Andromeda civilization’s carrying capacity and maximum force projection exceed the Milky Way civilization’s by an order of magnitude. Even if both civilizations started at the same time and with the same technology, the Andromeda civilization would reach its carrying capacity later and at a higher level. The conflict would never be a peer conflict.



Logistic Plateaus and Carrying Capacity Asymmetry

The exponential model overstates long-term growth rates. All physical civilizations eventually encounter resource constraints that force the growth trajectory from exponential into logistic. The relevant question is not whether a civilization plateaus, but when and at what level.

Consider two modeled civilizations to illustrate how carrying capacity asymmetry produces non-peer outcomes even under realistic growth constraints.

Civilization A has a 50-year doubling time and a carrying capacity KAK_A determined by the Milky Way’s approximately 5×10365 \times 10^{36} watts of total stellar luminosity. Civilization B has a 200-year doubling time and a carrying capacity KBK_B determined by Andromeda’s approximately 2.6×10372.6 \times 10^{37} watts of total stellar luminosity.

Civilization A reaches its plateau earlier but at a lower level. Civilization B reaches its plateau later but at a level approximately five times higher. At the time B reaches its plateau, A has been stalled at KAK_A for hundreds of millions of years. The conflict at that point is between a mature, resource-saturated civilization and a still-growing civilization with a fundamentally larger resource base.

The carrying capacity asymmetry dominates the doubling time difference. Even if A doubles four times faster than B, B’s final capability exceeds A’s by the ratio KB/KAK_B / K_A. For the Andromeda-Milky Way case, this ratio is approximately 5:1 in stellar luminosity and approximately 25:1 in SMBH capability envelope. Growth rate matters during the exponential phase. Carrying capacity matters at the plateau. In intergalactic competition, both matter.



The Exception that Overrides

A civilization with a sufficiently exceptional growth rate has the potential to maintain lightcone expansion despite encountered resistance. This follows directly from the growth asymmetry analysis above.

If a civilization’s growth rate is sufficiently faster than its neighbors’, it can expand into occupied space and overwhelm the residents. The 2d2d barrier does not protect a defender whose capabilities are growing slowly against an attacker whose capabilities are growing at a substantially faster rate. The defender’s pseudo-realtime observation of the approaching threat provides no advantage if the defender cannot grow fast enough to match the threat.

This has a recursive implication, but one that applies only within specific conditions. In a universe populated by competing civilizations, selection pressure favors the fastest-growing, provided three conditions hold. First, the competing civilizations must have overlapping expansion domains within shared light cones. A civilization expanding in a direction that never intersects another’s territory faces no competitive selection pressure. Second, the reachable resources must be finite. If resources are effectively unlimited, growth rate differences do not translate into competitive elimination. Third, the actors must be non-cooperative. Cooperative civilizations that share resources or territory face different selection dynamics than civilizations in zero-sum competition.

Under these three conditions, civilizations with lower carrying capacities are outcompeted by civilizations with higher carrying capacities. Among civilizations with comparable carrying capacities, those with faster growth rates dominate. The competitive landscape is not static. It selects for the maximum growth rate that is physically sustainable and the largest accessible resource base.




Scale Invariance and the Fractal Universe


Fractal Galaxy Distribution

The distribution of galaxies across the observable universe is not uniform. Galaxies cluster into groups, clusters, superclusters, and filaments, leaving vast voids between them. This clustering follows a fractal pattern at scales below approximately 100 to 300 megaparsecs. Above that scale, the distribution becomes statistically homogeneous, consistent with the cosmological principle.

The galaxy two-point correlation function, which measures the excess probability of finding a galaxy at a given distance from another galaxy compared to a random distribution, follows a power law

ξ(r)=(r0r)γ\xi(r) = \left(\frac{r_0}{r}\right)^\gamma

where r0≈5h−1r_0 \approx 5 \, h^{-1} Mpc is the correlation length and γ≈1.8\gamma \approx 1.8 is the power-law slope. This power-law clustering implies a fractal dimension of approximately D=3−γ≈1.2D = 3 - \gamma \approx 1.2 at small scales, rising toward D=3D = 3 at the homogeneity scale.

The cosmic web exhibits multifractal geometry. Filaments, clusters, walls, and voids each have characteristic fractal dimensions. Voids occupy approximately 80 percent of the universe by volume but contain only a tiny fraction of the mass. Filaments contain roughly half of all matter while occupying a small fraction of the volume. This nonlacunar multifractal structure means that voids are not entirely empty but contain structure within them, and filaments are not uniformly dense but contain denser nodes at their intersections.



Self-Similar Expansion

The Sedov-Taylor blast wave solution, derived independently by G. I. Taylor, John von Neumann, and Leonid Sedov, describes the self-similar expansion of a strong explosion in a uniform medium. The blast wave radius grows as

R(t)∝(Eρ0)1/5t2/5R(t) \propto \left(\frac{E}{\rho_0}\right)^{1/5} t^{2/5}

where EE is the energy of the explosion and ρ0\rho_0 is the ambient density. Taylor famously used this solution to estimate the energy of the Trinity nuclear test from a series of photographs showing the blast wave radius at different times.

The following is a conceptual scaling analogy, not a literal hydrodynamic model. One important distinction applies. The Sedov-Taylor solution describes an impulse explosion, a fixed energy EE deposited instantaneously. A civilization is not an impulse. It is a sustained power source, continuously generating energy and directing it toward expansion. The blast wave decelerates as it sweeps up ambient material. A civilization need not decelerate as long as its power output continues or grows.

Despite this difference, the scaling relationship between energy supply and expansion radius remains informative. A civilization expanding from a single galaxy exhibits behavior that can be described by analogy to the Sedov-Taylor solution. The expansion front propagates outward through the cosmic web, with the expansion radius determined by the civilization’s cumulative energy budget (analogous to EE) and the density of galaxies along the expansion corridor (analogous to ρ0\rho_0). The analogy captures the qualitative relationship between energy input and expansion rate without implying that civilizational expansion is literally a hydrodynamic process. The sustained-power case is strictly more favorable than the impulse case, because the expanding civilization adds energy continuously rather than drawing on a fixed deposit.

Dense filaments slow expansion because each galaxy encountered must be sterilized and colonized before the front advances. Voids accelerate it because there are no intermediate targets to process, though crossing a void requires sustained propulsion across millions of light-years without resupply.

The fractal structure of the cosmic web means that expansion is inherently self-similar. An expanding civilization filling a filament looks structurally similar to an expanding civilization filling a supercluster, just at a different scale. The topology is the same. Only the distances and timescales change.



Galaxies as Atoms: A Structural Analogy

The following is a structural analogy that illustrates scale-invariant patterns in gravitationally bound systems. It is not a claim of physical equivalence between atomic and galactic structures. The analogy has limits but reveals structural parallels that are worth examining.

An atom consists of a dense nucleus containing almost all of the mass surrounded by an electron cloud containing almost all of the volume. The nucleus is held together by the strong nuclear force. The electron cloud is bound by the electromagnetic force.

A galaxy consists of a dense supermassive black hole at its center surrounded by a stellar disk and dark matter halo. The SMBH contains a negligible fraction of the total mass (Sagittarius A* is approximately 0.001% of the Milky Way’s mass) but exercises gravitational dominance over the inner region. The stars and dark matter are bound by gravity.

At the cluster scale, a galaxy cluster consists of a central dominant galaxy (often a giant elliptical like M87) surrounded by satellite galaxies and an intracluster medium. This parallels the nuclear versus electronic structure of an atom.

The structural self-similarity is not coincidental. It emerges from a deeper pattern. Inverse-square central forces, whether electromagnetic or gravitational, produce hierarchical bound systems with dense cores and extended halos. The electromagnetic force binds electrons to nuclei. Gravity binds stars to galaxies and galaxies to clusters. Both forces follow an inverse-square law, and both produce layered, nested structures at their respective scales. The structural similarity is a consequence of the force law, not physical equivalence between the systems.

Extending the analogy, just as atoms can be ionized by sufficient external energy, removing electrons from the nucleus’s binding, galaxies can be conceptually “ionized” by a sufficiently advanced civilization, with stars removed from the galaxy’s gravitational binding through star lifting, Dyson swarm construction, or directed stellar manipulation. The energy scales differ by roughly 60 orders of magnitude, but the structural principle is analogous. In both cases, disruption requires energy input exceeding the binding energy of the structure.

An important distinction separates binding energy from practical unbinding. The binding energy EbE_b is the minimum energy required to disperse a system against its own gravitational attraction. Delivering this energy in practice requires a mechanism for transferring momentum to the bound material. Radiative energy alone is insufficient unless it couples efficiently to the target mass. Isotropic heating, for example, is an inefficient unbinding mechanism for gravitationally bound systems, because most of the energy is radiated away rather than converted into outward kinetic energy of the stars. Practical galaxy disruption would require directed momentum transfer, such as gravitational perturbation or targeted interactions with individual stars, rather than simple energy deposition.

The Milky Way’s gravitational binding energy can be estimated from the virial theorem as approximately Eb∼GM22RE_b \sim \frac{GM^2}{2R}, where M≈1012M⊙M \approx 10^{12} M_\odot and R≈50R \approx 50 kpc. This yields a binding energy on the order of 105310^{53} joules. The total luminosity of the Milky Way is approximately 5×10365 \times 10^{36} watts. Unbinding the galaxy through external energy input would require on the order of 101610^{16} seconds, or roughly 300 million years of the galaxy’s own luminosity, and this estimate assumes perfect coupling efficiency. Actual momentum transfer efficiency would be substantially lower, increasing the required timescale. A Type III civilization could in principle deliver this energy using resources from its own galaxy, but the mechanism of delivery matters as much as the total energy budget.




Colonization Prioritization


The Milky Way Satellite Priority List

For a civilization expanding outward from the Milky Way, the natural colonization sequence follows distance. Each target galaxy is assessed on four dimensions: distance (travel time), stellar population (resource value), SMBH presence (capability envelope), and strategic positioning (threat or opportunity).













	Priority
	Target
	Distance
	Travel Time at 0.1c
	Stars
	SMBH
	Strategic Value





	1
	Sagittarius Dwarf
	70,000 ly
	700,000 yr
	~100 million
	None
	Already being absorbed. Minimal independent value. Practice colonization.



	2
	Large Magellanic Cloud
	160,000 ly
	1.6 million yr
	20–30 billion
	None
	Nearest substantial intact galaxy. High star formation. Major resource base.



	3
	Small Magellanic Cloud
	200,000 ly
	2 million yr
	~3 billion
	None
	Satellite of LMC. Package deal with LMC colonization.



	4
	Classical dwarf satellites
	225,000–820,000 ly
	2.3–8.2 million yr
	Few million each
	Leo I (debated)
	Low resource value individually. Collectively form a defensive perimeter.



	5
	NGC 6822
	1,630,000 ly
	16.3 million yr
	~10 million
	None
	First non-satellite target. Barred irregular. Tests deep-space colonization capability.



	6
	IC 1613
	2,380,000 ly
	23.8 million yr
	~100 million
	None
	Low metallicity. Important as a stepping stone toward the Andromeda subgroup.



	7
	M32
	2,490,000 ly
	24.9 million yr
	~3 billion
	1.5–5 million M⊙M_\odot
	SMBH. Andromeda satellite. Outpost in the Andromeda subgroup.



	8
	Andromeda
	2,540,000 ly
	25.4 million yr
	~1 trillion
	100–140 million M⊙M_\odot
	Non-peer adversary. Largest Local Group resource base. Existential strategic concern.



	9
	Triangulum
	2,730,000 ly
	27.3 million yr
	~40 billion
	None
	Third largest Local Group member. High star formation. No SMBH means limited capability envelope.





The Large Magellanic Cloud is not merely the highest-priority target after the Milky Way’s own satellites. Under the resource asymmetry analysis developed in this article, colonization of the LMC is a mandatory resource acquisition. The 25:1 SMBH mass ratio between Andromeda and the Milky Way is the most actionable data point in the Local Group assessment. The LMC’s 20 to 30 billion stars and its high star formation rates (the Tarantula Nebula is the largest known star-forming region) represent the nearest opportunity to narrow the energy disparity with Andromeda. The LMC must be colonized before Andromeda’s light-cone interacts with our own expansion. At 160,000 light-years, it is reachable at 10 percent of the speed of light in 1.6 million years. The absence of a SMBH in the LMC means no native capability envelope opposes the colonization effort.



Beyond the Local Group

Beyond the Local Group, colonization priority follows the filamentary structure of the cosmic web. The Council of Giants at approximately 12 million light-years represents the first major targets outside the Local Group.

M81 and M82 at 12 million light-years are the nearest Council members with confirmed SMBHs (70 million and 30 million solar masses respectively). Centaurus A at 13 million light-years has a 55 million solar mass SMBH with existing relativistic jets. These galaxies represent both the nearest major resource bases and the nearest major threats outside the Local Group.

The direction of expansion matters. The filament connecting the Local Group to the Virgo Cluster is the primary expansion corridor. It passes through the Sculptor Group, the Centaurus A/M83 Group, and eventually reaches the dense Virgo Cluster at 54 to 65 million light-years. This corridor contains the richest concentration of resources within 100 million light-years.

The Local Void direction, perpendicular to the Virgo filament, offers safety but no resources. Expansion into the void provides strategic depth but no new carrying capacity. The optimal strategy is filament-first expansion toward Virgo, with void-direction expansion reserved for defensive positioning.



Ranked Strategic Assessment

The following table consolidates the strategic assessment of the most significant galaxies and galaxy groups within 100 million light-years. Columns include empirical measurements (distance, SMBH mass, estimated resource mass) and modeled strategic assessments (strategic value, threat level). The strategic value and threat level columns are qualitative assessments derived under the modeling assumptions stated at the beginning of this article.













	Target
	Distance (Mly)
	SMBH Mass (M⊙M_\odot)
	Estimated Stellar Mass
	Light Delay (yr)
	Strategic Value
	Threat Level





	Large Magellanic Cloud
	0.16
	None
	20–30 billion stars
	160,000
	Critical: mandatory resource grab
	None



	Small Magellanic Cloud
	0.20
	None
	~3 billion stars
	200,000
	High: package with LMC
	None



	Andromeda
	2.54
	1.01.0–1.4×1081.4 \times 10^8
	~1 trillion stars
	2,540,000
	Critical: largest Local Group resource
	Severe: 25:1 SMBH advantage



	Triangulum
	2.73
	None
	~40 billion stars
	2,730,000
	High: large resource base, no SMBH
	Low



	M81
	12
	7.0×1077.0 \times 10^7
	250–400 billion stars
	12,000,000
	High: nearest large external SMBH
	Moderate: 16:1 SMBH advantage



	Centaurus A
	13
	5.5×1075.5 \times 10^7
	Unknown
	13,000,000
	High: active jets, early warning
	Moderate: 13:1 SMBH advantage



	M87 (Virgo)
	53.5
	6.5×1096.5 \times 10^9
	>1 trillion stars
	53,500,000
	Existential: dominant regional power
	Extreme: 1,500:1 SMBH advantage



	M49 (Virgo)
	56
	5.0×1085.0 \times 10^8
	~200 billion stars
	56,000,000
	High: major Virgo member
	High: 116:1 SMBH advantage



	M84 (Virgo)
	60
	1.5×1091.5 \times 10^9
	Unknown
	60,000,000
	High: major Virgo member
	High: 349:1 SMBH advantage



	NGC 1399 (Fornax)
	66
	5.1×1085.1 \times 10^8
	Unknown
	66,000,000
	Moderate: Fornax center
	High: 119:1 SMBH advantage





This table serves as an empirical reference. The strategic value and threat level assessments are derived from the capability envelope analysis and are conditional on the modeling assumptions stated at the beginning of this article.



The Virgo Question

The Virgo Cluster is the ultimate strategic question for any civilization expanding from the Local Group. The cluster contains 1,300 to 2,000 galaxies, including M87 with its 6.5 billion solar mass SMBH. The Local Group is falling toward the Virgo Cluster and will eventually merge with it.

If any civilization in the Virgo Cluster has already reached Type III status, it commands a resource base approximately 1,000 times larger than the entire Local Group. M87 alone has more stars than the entire Milky Way. The Virgo Cluster’s total mass is roughly 1015M⊙10^{15} M_\odot, approximately 500 times the Local Group’s mass.

The Virgo Cluster is 54 to 65 million light-years away. At 10 percent of the speed of light, travel time is 540 to 650 million years. The 2d2d-year offensive gap for a Virgo-based attacker targeting the Local Group is 108 to 130 million years. This is long enough for significant technological advancement but short enough that a mature Type III civilization would already have the capability to project force across this distance.

The question is whether a civilization in the Virgo Cluster has already expanded to fill the cluster. If it has, and if directed SMBH-based force projection is achievable, Virgo-scale civilizations would possess overwhelming asymmetry relative to the Local Group. Under worst-case assumptions, a force projection event originating from the Virgo Cluster would travel at or near the speed of light. Detection and arrival would be nearly simultaneous. This is the same logic developed in the companion article, applied to a specific threat vector and stated as a conditional assessment rather than a prediction.




Civilizational Failure Modes

The analysis above assumes that a civilization can sustain coordinated expansion across millions of years and millions of light-years. This assumption should not be accepted uncritically. Several failure modes could prevent a civilization from reaching Type III status or sustaining it once reached.

Fragmentation and coordination loss. As a civilization expands, communication delays increase. At intergalactic distances, round-trip communication takes millions of years. Central coordination becomes impossible. The civilization fragments into effectively independent polities that may diverge in goals, technology, and willingness to cooperate. Joseph Tainter’s analysis of complex society collapse suggests that increasing complexity yields diminishing marginal returns, and civilizations may simplify before reaching their theoretical carrying capacity.

Value drift. A civilization’s goals may change over time. The values that motivated initial expansion may be unrecognizable after millions of years of cultural evolution. A civilization that began with expansionist imperatives may voluntarily curtail expansion as its values shift toward conservation, contemplation, or other non-expansionist priorities.

Self-limitation. A civilization may deliberately limit its growth rate or expansion in response to perceived risks. If the dominant strategic assessment within the civilization concludes that expansion is more dangerous than containment, the civilization may adopt a self-limiting posture. This is a rational response to certain threat models, though it is competitively disadvantaged against civilizations that do not self-limit.

Collapse before Type II or III. The transition from Type 0 to Type I and from Type I to Type II may involve bottlenecks that most civilizations fail to clear. Nuclear war, ecological collapse, artificial intelligence misalignment, pandemic, or asteroid impact could terminate a civilization before it achieves interstellar capability. The Great Filter hypothesis proposes that at least one such bottleneck is extremely difficult to pass.

Non-expansionist equilibria. It is possible that most civilizations that survive to Type II reach a stable equilibrium within their home star system and never expand interstellarly. If this is the typical outcome, the competitive expansion model applies only to the rare exceptions. The article’s analysis is conditioned on the assumption that at least some civilizations expand. It does not require that all or most do.

These failure modes do not invalidate the competitive framework. They constrain the probability that any given civilization will reach the capability levels assumed in the strategic analysis. If one civilization in a billion avoids these failure modes, the competitive dynamics still apply to that civilization and to any civilization that encounters it.



Consolidated Equations

The following equations summarize the three quantitative pillars of the strategic framework developed in this article and its companion.

Growth law. Exponential growth with intrinsic rate rr and doubling time td=ln2/rt_d = \ln 2 / r:

N(t)=N0ertN(t) = N_0 \, e^{rt}

Logistic growth with carrying capacity KK:

N(t)=K1+(K−N0N0)e−rtN(t) = \frac{K}{1 + \left(\frac{K - N_0}{N_0}\right) e^{-rt}}

Instability condition. The growth asymmetry ratio over the 2d2d-year offensive gap between civilizations AA and BB:

R=e(rA−rB)⋅2dR = e^{(r_A - r_B) \cdot 2d}

When (rA−rB)⋅2d≫1(r_A - r_B) \cdot 2d \gg 1, the faster grower dominates regardless of initial capability parity. Three conditions stabilize the gap: equal growth rates (rA≈rBr_A \approx r_B), early detection with overwhelming retaliation, or growth plateau before expansion domains overlap.

Capability scaling. Strategic capability as a function of SMBH mass:

S=f⋅η⋅MSMBH⋅c2S = f \cdot \eta \cdot M_{\text{SMBH}} \cdot c^2

where η\eta is the extraction efficiency (bounded above by 0.29 for an extreme Kerr black hole) and ff is the mobilization fraction. Asymmetry ratios between civilizations assume comparable η\eta and ff.



Operational Synthesis

The strategic objectives implied by this framework, conditional on the modeling assumptions, are as follows.


	Consolidate the Milky Way. Harvest available stellar and SMBH resources to maximize the domestic growth rate rr and carrying capacity KK.

	Secure the Large Magellanic Cloud. The nearest major resource acquisition target and a rehearsal for intergalactic expansion.

	Expand through the Andromeda corridor. Close the 25:1 SMBH capability gap by acquiring Andromeda’s resources before a competitor does.

	Advance along the Virgo filament. The primary expansion corridor toward the dominant regional resource concentration.

	Establish defensive depth toward the Local Void. Low-resource but high-safety corridor for cold infrastructure and fallback positions.

	Reach Virgo before encountering a Virgo-scale expansion wave. The long-term existential imperative under the competitive framework.



The long-term competitive imperative reduces to three directives. Maximize the sustainable growth rate rmaxr_{\max}. Avoid concealment regimes that reduce rr below competitor levels. Transition from exponential to logistic plateau without ceding asymmetry to a civilization that has not yet plateaued.



Conclusion

This article has cataloged the galaxies of the Local Group, the ring of giants that surround it, the major galaxy groups and clusters within 100 million light-years, and the large-scale structures that constrain expansion corridors. The catalog reveals a strategic landscape that is fundamentally asymmetric.

Within the Local Group, under these modeling assumptions, Andromeda is not a peer. Its trillion stars and 100 million solar mass SMBH define a capability envelope that exceeds the Milky Way’s by approximately 25:1 in the single most consequential dimension. The Milky Way’s Sagittarius A*, at 4 million solar masses, occupies a modest position in the local hierarchy.

Beyond the Local Group, the Council of Giants presents both the nearest resources and the nearest threats. Centaurus A and M81 possess SMBHs more massive than Sagittarius A* and are positioned at the edges of the Local Group’s territory. The Virgo Cluster, at 54 to 65 million light-years, is the existential strategic concern in this framework. If directed SMBH-based force projection is achievable, M87’s 6.5 billion solar mass SMBH defines a capability envelope 1,500 times larger than ours.

The growth curve analysis demonstrates that, at order-of-magnitude scale, the 2d2d-year offensive gap is not an absolute defense. Under these assumptions, a civilization with a growth rate significantly exceeding its rival’s can render the gap irrelevant. The information delay becomes meaningless if the faster-growing civilization has advanced so far that the slower civilization’s attack is obsolete before it arrives. The competitive dynamics favor the maximum sustainable growth rate. Selection pressure across cosmic time eliminates slow growers within overlapping expansion domains, where resources are finite and actors are non-cooperative, subject to the civilizational failure modes acknowledged above.

The information warfare analysis reinforces this conclusion. Concealment has strategic value but imposes a growth rate penalty. Over cosmic timescales, the competitive selection pressure for maximum growth rate overrides the benefits of concealment. The dark forest equilibrium is demonstrably unstable against a single defector willing to trade secrecy for speed, as derived in the instability analysis above.

The fractal structure of the cosmic web channels expansion along filaments and through clusters. The Local Void provides a low-probability defensive flank. The Virgo filament provides the primary expansion corridor. The strategic landscape is not spherical. It is topological, shaped by the same large-scale structure that emerged from primordial density fluctuations in the early universe.

If the thesis of the companion article is correct, that competitive expansion is the rational strategy under the stated modeling assumptions, then this article provides the operational map. The first move is to colonize the Large Magellanic Cloud. The long game is to reach the Virgo Cluster before whatever is there reaches us.



Future Reading


	The McCall 2014 paper “A Council of Giants” identifies the twelve giant galaxies surrounding the Local Group and their gravitational influence.

	The 2025 Nature Astronomy study on the Milky Way-Andromeda collision revises the merger probability and timeline using Hubble and Gaia data.

	The Fractal Geometry of the Cosmic Web and its Formation presents the multifractal analysis of large-scale galaxy distribution.

	Eternity in Six Hours demonstrates the feasibility of universal colonization from a single star system.

	The Virgo Cluster and Laniakea Supercluster articles provide overviews of the larger structures containing the Local Group.
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