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Executive Summary

Golden Dome has quickly become the signature defense program of President Trump’s 
second term. The most contentious element of this ambitious missile defense program 
is space-based interceptors; satellites designed to ram into ballistic missiles while they 
are still boosting. In this FPRI report, Aaron Stein, Jeffrey Lewis, and Sam Lair develop 
a model to tailor the size of space-based interceptor satellite constellations to various 
adversary missile threats based on open-source information, and estimate the cost of 
those constellations. The report demonstrates that:

•	 A key factor in the size, and therefore cost of a SBI constellation is target missile burn 
time, which can be derived from open-source information.

•	 Constellations are not a one-time purchase and need to be replenished over time as 
interceptor satellites deorbit. Launching a constellation is merely a down payment on 
an orbital defense.

•	 Depending on the threat and interceptor characteristics, constellations range from 
several thousand to tens of thousands of interceptors while upfront costs vary from 
tens to hundreds of billions of dollars.

•	 Highly effective passive and active countermeasures are within easy reach of 
adversaries like Russia and China.

Stein, Lewis, and Lair argue that given the economic, industrial, and strategic costs, 
space-based interceptors are a poor choice for American security. They would provide 
an expensive yet brittle defense which could be easily circumvented while encouraging 
destabilizing adversary responses.
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United States President Donald J Trump, accompanied by US Secretary of Defense Pete Hegseth, announces he has 
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Introduction

On January 27, 2025, newly inaugurated Pres-
ident Donald Trump announced in an execu-
tive order that the United States would pursue 
a new missile defense initiative. This program, 
initially called “Iron Dome for America” but 
quickly redubbed “Golden Dome,” directed 
the Department of Defense (itself soon to 
be redubbed) to design an architecture that 
envisions “at minimum” the “development and 
deployment of proliferated space-based inter-
ceptors capable of boost-phase intercept.”1

There is a rich and contentious history of pro-
posals for space-based anti-ballistic missile 
interceptors, the earliest being the Air Force’s 
Ballistic Missile Boost Intercept (BAMBI) 
program established in 1961 to compete with 
the Army’s Nike anti-ballistic missile (ABM) 
system.2 The concept gained the most atten-
tion as part of the Reagan administration’s 
Strategic Defense Initiative (SDI). Out of SDI 
emerged Brilliant Pebbles, which is more or 
less the Golden Dome program under consid-
eration now, 35 years later. The Brilliant Peb-
bles concept envisioned a kill vehicle housed 
in a “life jacket”—a satellite bus in orbit with a 
sensor payload that eliminated the need for a 
secondary layer of satellites to detect missile 
launches and to cue a separate “shooter” 
carrying satellite architecture.

Debates over space-based interceptors 
(SBIs) like Brilliant Pebbles revolved around 
the number of satellites needed and the 
necessary launch requirements, which were 
extremely demanding by the standards of the 
1980s and early 1990s. Today, SpaceX and 
other commercial space actors have drastical-
ly reduced launch costs—making possible 

constellations like Starlink, which has more 
than 10,000 satellites—thereby eliminating 
some of the challenges inherent to the Bril-
liant Pebbles concept. Yet, the size and scale 
of the requirement remain considerable, 
raising valid questions about investments in 
space-based defense versus the financial, in-
dustrial, and strategic cost of any such invest-
ment, and whether the investment is purchas-
ing a dependable defense against current and 
future adversary threats. 

The size of a SBI constellation depends on 
the threat it must defend against. Constella-
tion size is a function of the mission—that is, 
what role the administration decides it wants 
the constellation to serve. These decisions 
are certain to be anchored around a set of 
assumptions about current and future missile 
threats to the United States. Ultimately, the 
size of the constellation will determine the 

An artist’s concept of Brilliant Pebbles, 1987. (Strategic Defense 
Initiative Office/Missile Defense Agency)
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cost of any SBI system deployed under the 
Golden Dome. 

To calculate the size and cost of any such 
system is relatively straightforward: For this 
paper, we use a model developed by Gregory 
Canavan and Edward Teller in 1990 to esti-
mate the size of various SBI constellations 
using the absentee ratio.3 Canavan and Teller 
used this calculation to determine the size 
of a constellation needed to negate Soviet 
SS-18 intercontinental ballistic missile (ICBM) 
silo fields. After sizing several constellations, 
we calculate their approximate costs. The 
second part of this paper considers possible 
adversary counter-measures against a Golden 
Dome space-based constellation. The paper 
is designed to present a range of potential 
scenarios, based on open-source data about 
adversary missile threats.

Methodology
These calculations depend on the specific 
characteristics of the SBI and the missiles to 
be intercepted. The central concept is the so-
called absentee ratio—the ratio of interceptors 
in the constellation available to intercept an 
incoming missile at any given moment. The 
absentee ratio is a function of two interceptor 
characteristics and three characteristics of the 
missile threat. The interceptor characteristics 
are the defending interceptor’s velocity and 
release time.4 The release time is the time be-
tween the launch of an attacking missile and 
the beginning of the defending interceptor 
burn towards the target missile. This period 
includes the time the defender has to detect 
and assess a missile launch as a threat and 
to assign an interceptor to the target. The re-
lease time can be impacted by the weather, as 
well as delays in decision-making, command 
and control, and signal transmission.

There are three characteristics of the missile 
threat which impact the absentee ratio: the 
burn time of the missile, the number of mis-
siles in a salvo, and the radius of the area 
from which the salvo was launched. The burn 
time of the attacking missile establishes, after 
taking into account release time, how much 
time is available for the SBI to attempt an 
intercept. Once burn ends and the attacking 
missile’s warheads are deployed, the bright 
infrared signature the SBI would use to identi-
fy the target is lost and the post boost vehi-
cle, or “bus,” will have had the opportunity to 
release warheads along with any decoys to 
confuse the defender. The number of missiles 
and the radius of the area from which the 
missiles were launched have straightforward 
effects on constellation size. The more mis-
siles launched, the more interceptors needed. 
Launch area matters because the denser the 
area, the further away the launch area will 
be from the majority of interceptors. A large 
launch area will be more accessible to more 
defending interceptors in the constellation, 
whereas a dense launch area demands a 
more tightly packed SBI constellation to keep 
the absentee ratio low.

A final influence on the size of the constella-
tion is what Teller and Canavan dubbed the 
“z” factor; this is dependent on the northern-
most latitude defended by the constellation, 
which determines the effective surface area 
of the earth the constellation needs to cover. 
Not every constellation needs to defend every 
latitude and, depending on what type of threat 
it is designed against, fewer interceptors may 
be needed to achieve similar levels of cov-
erage if the defender is not worried about 
missiles from higher latitudes.

The “z” factor is therefore calculated by taking 
the surface area of the defended spherical 
segment, and then dividing it by the surface 
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area of a hemisphere of the earth:

Where:
RE is the radius of the Earth in km.
L is the highest latitude defended in 
degrees.5
SE is the surface area of a hemisphere 
of the Earth in square km.

The “z” factor is an approximation, but one 
that Canavan and Teller said “agrees with 
near-exact analytical solutions within about 
10–20 per cent.”6 It is worth noting the north-
ern and southernmost areas of an SBI constel-
lation will be better defended than the areas 
over the equator, due to the orbital inclination 
of the interceptors.7 While this better-defend-
ed band is narrow, it produces more porous 
coverage over areas near the equator as the 
interceptors spend relatively more time near 
those upper and lower latitudes.

The intercept window, the time the SBI has 
to catch the boosting missile, is missile burn 
time minus the interceptor release time. The 
volume of space an interceptor can defend is 
a spherical area defined by the duration of the 
intercept window multiplied by the intercep-
tor’s velocity. 

Where:

RP is the radius of the patrol area or silo 
field in km.

From there, the absentee ratio is calculated:

Constellation size can therefore be deter-
mined by taking the absentee ratio and divid-
ing it by the number of enemy launchers to be 
defended against within a specific area.

This equation sizes the constellation such 
that one interceptor will be available for each 
target missile. If an interceptor fails or miss-
es, there would not be enough redundancy 
or slack in this constellation to prevent the 
missile from leaking. Some leakage might be 
acceptable if combined with effective mid-
course defenses, but that is beyond the scope 
of this paper and worthy of more in-depth 
study to examine the requirements for coordi-
nated space-based and ground-based missile 
defenses. To cover any gaps and ensure two-
on-one targeting for each boosting missile, it 
would be necessary to double the size of any 
of the constellations we describe. Yet, these 
constellations are sized to the densest threat 
area under the latitude limit, meaning that all 
other areas enjoy similarly high levels of cov-
erage even if they don’t require it.8

This model makes several simplifications. For 
instance, it does not account for interceptor 
acceleration or changes in interceptor altitude 
during intercept attempts. Any effort to build 
any of these constellations would involve 
more detailed calculations than we make 
in this paper. Nevertheless, we believe our 
model provides a good first-order approxi-
mation of the scale and cost of most space-
based boost-phase intercept endeavors, and 
is illustrative of what factors are more or less 
important for determining constellation size, 
and therefore constellation vulnerability.
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Missile Burn Time
Canavan and Teller assumed about 600 
seconds would elapse from launch to the end 
of warhead deployment for a SS-18 ICBM. 
They then sized their proposed constellation 
around that timeline.9 Based on their calcu-
lations and assumptions, they argued such a 
system would be cost effective at the margin 
and merited a trial constellation of 100 Brilliant 
Pebbles for $1 billion.10 

The 600-second SS-18 deployment time 
deserves additional discussion. Modern liquid 
propellant ICBMs have much shorter burn 
times than 600 seconds, and it was likely the 
SS-18s burn time was shorter than that as well. 
US government officials, for example, told 
Ankit Panda at The Diplomat that the North 
Korean Hwasong-15 burned for 289 seconds.11 
Moreover, 600 seconds is not merely the pe-
riod during which the missile is boosting (burn 
time), but also the time it takes for the bus to 
dispense warheads and decoys.12 Intercepting 
the bus toward the end of the 600-second 
burn time means that many warheads have 
already been released, the so-called “leak-
age problem.” Most systems begin releasing 
objects well before 100 seconds after burn-
out, though the full dispense sequence can 
run considerably longer for a few. Reviewing 
dispense times across a range of US and 
foreign ballistic missiles, the Defense Science 
Board adopted 100 seconds post-burnout as 
its canonical cutoff for whether an intercept is 
“early” enough to provide a defense benefit—
noting that this is the longest useful time, and 
in many cases already too late, since most 
first releases fall well inside it.13 

A successful boost-phase intercept of the 
booster will not necessarily destroy the reen-
try vehicle, which could continue on a ballistic 

trajectory from the point of intercept. While 
the warhead would miss its intended target, it 
would still fall short along the flight path—and 
depending on geometry could detonate in 
populated areas, in allied countries, or, if the 
intercept is early enough for some scenarios, 
in adversary territory. This is the “shortfall” 
problem. To keep the surviving payload from 
reaching friendly territory, the missile must 
usually be intercepted prior to burnout—
typically several seconds to several tens of 
seconds before, depending on trajectory. If 
intercept occurs after the release of the first 
reentry vehicle, the remaining reentry vehicles 
will simply impact downrange of the target. 
For example, an intercept against an SS-18 at 
the t=595 means nine of the 10 warheads and 

An artist’s concept of a Soviet SS-18 intercontinental ballistic 
missile being launched, 1986. (defenseimagery.mil)
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any decoys have been released on target, 
while the tenth reentry vehicle will likely still 
impact the interior of the United States, but 
not on target. While a technical success, this 
could hardly be considered a meaningful de-
fensive intervention.

As a result, we consider two requirements: 
(1) intercept prior to the end of burn, after 
which leakage and shortfall become serious 
problems that must be mitigated by additional 
defense layers such as a robust midcourse 
system; and (2) 100 seconds after burn, at 
which point most warheads have been dis-
pensed. 

As it is still a part of the Russian arsenal, for 
this paper we examined the SS-18’s burn time 
by looking at data from Russia’s Dnepr space 
launch vehicle (SLV), which uses the first two 
stages of the SS-18 missile. It is also launched 
from the same silos and shares much of the 
same launch equipment. The SS-18’s actu-
al burn time is closer to 245–264 seconds, 
which we derived by using simple calcula-
tions based on the propellant weight, specific 
impulse, and thrust of the stages.14 With the 
added 100 seconds of deployment time, the 

total time before intercept is no longer possi-
ble is less than 360 seconds.

At the time of Canavan and Teller’s article in 
1990, Richard Garwin noted the existence 
of fast burning Soviet ICBMs and argued 
adversaries could produce even faster-burn-
ing single-warhead solid propellant missiles 
with 100-second burn times. He suggested 
the Soviets could trade payload weight for a 
compressed burn timeline.15 Solid-propellant 
missiles have much shorter burn times, in gen-
eral. Garwin estimated that the road mobile 
SS-25/RT-2PM Topol had a 180 second burn 
time.16 This estimate was later confirmed by 
data the Russian government provided for the 
START-1 space launch vehicle based on the 
SS-25/Topol, indicating the solid motors burn 
for 186 seconds.17 It’s unlikely the Topol or the 
notional fast-burn ICBM would have significant 
deployment times since they only carried one 
warhead.

The totality of these calculations allows us to 
create a range of options, measured against 
faster and slower burning missiles, to then 
plug into our model.

Table 1: Missile Burn Times

Missile Burn Times 

SS-18 SATAN/R-36M Liquid 245-264

Topol/SS-25 Solid 186 

Notional Fast Burn ICBM Solid 100

Sources: R-36M is derived from the Dnepr SLV; Topol is derived from the START-1 SLV.
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Release Time
Another variable of the defense system to 
consider is release time. Release time in-
cludes decision time, as well as time for 
launch detection, threat characterization, track 
establishment and communication with the 
SBI.18 We consider three cases: 15 seconds, 
30 seconds, and 45 seconds. 

The 2003 American Physical Society study ar-
gued that given cloud cover over the mid-lati-
tude areas, ICBMs would not be detected until 
they had reached 7 km in altitude, and that it 
would take 45 seconds and 30 seconds re-
spectively for liquid- and solid-propellant mis-
siles to climb to that detection height.19 They 
added an additional 20 seconds to charac-
terize and determine the direction of a liquid 
missile’s flight before releasing the intercep-
tor. The study assumed that process would 
only require 15 seconds with the faster burn-
ing solids. This resulted in release times of 65 
seconds for liquid ICBMs and 45 seconds for 
solid ICBMs. The 2012 report of The National 
Research Council of the National Academies 
of Sciences, Engineering, and Medicine made 
the same assumption.20 We use 45 seconds to 
be generous to the defender and account for 
progress in space-based infrared detection 
systems since 2003.

The 30-second release window is derived 
from Canavan. In 2003, he argued that suc-
cessors to the Space-Based Infrared System 
(SBIRS) would have sensors with enough sen-
sitivity and speed to make 30-second release 
times possible.21

Finally, we consider a 15-second release 
window. This window assumes some techno-
logical breakthrough for sensing and char-

acterization will dramatically speed up the 
process as well as a highly automated com-
mand-and-control system. A recent Congres-
sional Budget Office report on the subject 
appears to use a 15-second release window 
for their calculations.22 While the report does 
not explicitly state the release time, our mod-
eling suggests they used an optimistic release 
window in that range. Such a design decision 
would have some practical drawbacks, as 
there would be functionally no decision time. 
Moreover, it could result in the interception of 
peaceful space launches or make the system 
prone to intercept attempts against sound-
ing rockets or other false positive signatures. 
However, it seems like the Golden Dome 
program has a focus on command and control 
and may produce some additional gains in 
efficiency in that area. Gen. Michael Guetlein, 
who is running the program for the Pentagon, 
stated in March: “We recognized on day one 
that command and control was going to be 
our secret sauce.”23 Of course, given Guetle-
in’s resistance to providing any details about 
Golden Dome or its components, it is hard to 
say whether the command-and-control im-
provements he refers to would manifest in a 
quicker release time. Nevertheless, we con-
sider a 15-second release window.

Interceptor Burnout 
Velocity
We chose to size our SBI constellations 
around three different interceptor burnout ve-
locities—the added interceptor velocity from 
burn during an engagement—of 4 km/s, 6 
km/s, and 8 km/s. The 2003 American Phys-
ical Society report on boost-phase missile 
defense considered a two-stage 4 km/s SBI 
to be reasonable and used it as their baseline 
case for analysis.24
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We included 6 km/s since most studies on 
the Brilliant Pebbles program and the original 
proposals assumed an interceptor traveling 
at that speed. James Gattuso, Teller, and 
Canavan all based their models around a 6 
km/s interceptor.25 It is interesting to note that 
the state of the art for interceptor technology 
in 1987 when Boeing began working on the 
problem would have produced an interceptor 
with a delta velocity of only 1 km/s, aspiring 
to 2 km/s in a future prototype, while a failed 
1992 test would have evaluated a 2 km/s 
interceptor.26 These data points suggest the 6 
km/s goal may have been optimistic. Indeed, 
the American Physical Society study consid-
ered interceptor speeds much above 5 km/s 
to be highly aspirational and argued they 
would incur severe weight penalties for the 
interceptor, dramatically increasing the cost 
of the constellation.27 The National Research 
Council of the National Academies of Scienc-
es, Engineering, and Medicine assumed a no-
tional 5 km/s interceptor in their 2012 study.28

Finally, we included an 8 km/s interceptor ve-
locity to account for unanticipated, yet unlike-
ly, advances in propulsion technology. While a 
Government Accountability Office report from 
1992 references a proposed constellation 
of about 8 km/s, there are few open-source 
indications that an interceptor with that speed 
could be produced at a reasonable weight.29 
Indeed, David Wright suggested an intercep-
tor with a burnout velocity of 9.9 km/s would 
weigh nearly 20 tons.30 Nevertheless, we 
included the 8 km/s case in our range of esti-
mates to be generous to the defender.

To accelerate the interceptor and kill vehicle 
at higher burnout velocities, a more massive 
booster is required. We have scaled the size 
of the booster to the burnout velocity of the 
interceptor, which we will address below.

To simplify things, our model assumes the 
interceptor immediately accelerates to its 
burnout velocity. This assumption is generous 
to the defender as it adds range to the inter-
ceptor, rather than accounting for the slower 
acceleration of the interceptor to its burnout 
velocity. For missiles with shorter burn times, 
the range reduction from acceleration time 
could be quite significant, making required 
constellation sizes for those missiles even 
larger than we suggest. Ultimately, while we 
think a 4 km/s burnout velocity interceptor is 
the most feasible, we also included the 6km/s 
and 8 km/s cases to account for unanticipated 
technological developments.

Launch Costs
We calculated launch costs using recent pub-
lic reporting on the price of SpaceX Falcon 
9 launches. We chose Falcon 9 because it is 
one of the most prolific launch vehicles and 
one of the cheapest per kilogram launched on 
the market.31 While SpaceX’s Starship launch 
vehicle has made progress, we are assum-
ing it will be largely dedicated to Starlink and 
space-based data centers, as Elon Musk re-
cently suggested.32 The true cost of a Falcon 
9 launch to place 17,500 kg in low earth orbit 
was reported in 2024 to be as low as $15 
million, placing the true cost per kilogram at 
about $857.33 It is worth noting, however, the 
SpaceX customers pay much more than that. 
In early 2026 SpaceX increased the price of 
a dedicated Falcon 9 launch to $74 million, 
about $4,200 per kg if the recoverable boost-
er variant is used.34

In 2020, reports suggested the US Air Force 
satellite launches using Falcon 9 boosters 
paid approximately 50 percent more in add-
ed costs than a civilian launch.35 Those extra 
costs presumably come from extra security 
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measures surrounding sensitive payloads. For 
simplicity, we used the $74 million commercial 
launch cost for the calculation, rather than the 
government rate. However, this may be a 50 
percent underestimate of the true cost of a 
SBI launch.

Building an SBI constellation is not a one-
time purchase. Starlink satellites, for example, 
have an average lifespan of approximately 
five years because they are placed in low 
earth orbit at roughly 340 km in altitude,36 
which is similar to the altitude suggested for 
a hypothetical SBI constellation in the Amer-
ican Physical Society report.37 If the SBIs are 
of similar size and weight to Starlink satellites, 
something many Golden Dome advocates 
have suggested, it is reasonable to assume 
that the Golden Dome satellites would expe-
rience similar deorbiting rates.38 For any SBI 
constellation, roughly one fifth of the satellites 
will deorbit or fail each year and have to be 
replaced. That means one fifth of the initial 
cost to build and deploy the SBI constellation 
would have to be spent each year to sustain 
it. 

While the constellation could include on-orbit 
refueling capabilities for the SBIs to increase 
their lifespan, there are a few potential prob-
lems. First, on-orbit refueling is still a relatively 
novel technology and may encounter difficul-
ties in reliability and scaling. The scaling issue 
would require dramatic increases in both the 
number of refueling satellites and the refu-
eling ports on the interceptors themselves. 
Conducting the thousands of rendezvous 
and proximity operations (RPOs) necessary to 
sustain a constellation with on-orbit refueling 
introduces new error modes and potential for 
accidents. Second, it would drive up the cost 
of the individual interceptor significantly. While 
on-orbit refueling makes sense for exquisite 
capabilities and satellites in geostationary or 
other orbits with more room to maneuver, it 

makes less sense for a proliferated constel-
lation where thousands of similar satellites 
would be needed and are therefore rather 
interchangeable. Moreover, even with on-orbit 
servicing, other components will still fail, mak-
ing some level of replacement necessary.39

Interceptor Cost and 
Weight
Two other essential components of constella-
tion cost are more difficult to assess because 
they are disputed and uncertain; the cost and 
weight of the space-based interceptors. There 
are, however, some useful data points to allow 
for us to make informed assumptions to help 
guide the estimates.

The first antecedent is the Brilliant Pebbles 
program which consisted of kill vehicles 
housed in “lifejackets”. The lifejacket would 
power, protect, and provide information to the 
Pebble. Brilliant Pebbles was eventually incor-
porated into the Strategic Defense System, 
Phase I of which was to include 4,600 Peb-
bles.40 A Government Accountability Office 
report from March of 1991 stated the cost for 
the Brilliant Pebbles portion of Phase I would 
include $0.9 billion for the lifejackets and $1.6 
billion for the interceptors, along with $3.9 bil-
lion for other fees, such as “facilities integra-
tion, project management, and procurement 
contract fees.”41 For just the costs associated 
with the interceptors themselves, Brilliant 
Pebbles would have cost about $543,478 
per interceptor in 1991 or $1,344,643 in 2026. 
Including other fees, the Pebbles would have 
cost $1,391,304 in 1991 or $3,442,288 in 2026. 
The higher estimates align with what the de-
signer of Brilliant Pebbles claimed, from $1.1 to 
$1.4 million per interceptor in 1990 or $2.7 to 
3.5 million today.42
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There is much less variation in weight esti-
mates for Brilliant Pebbles. Canavan assumed 
a 40 kg interceptor weight, a number accept-
ed by Garwin in his rebuttal.43 Contemporary 
estimates from Lawrence Livermore National 
Laboratory and the Heritage Foundation sug-
gested the weight would be around 100 lb or 
45 kg.44 However, this weight estimate does 
not appear to account for the weight of the 
lifejacket.

One estimate suggested the weight of the 
seeker package including the optics, elec-
trooptics, and computer would be just over 1 
kg, the propulsion system could weigh 4.5 kg, 
plus 19–34 kg of hydrazine for propellant.45 
That would place the wet mass of the inter-
ceptor at around 25–40 kg. Additionally, this 
estimate suggested the lifejacket would weigh 
9 kg, for an all-up satellite mass of 34–49 kg. 
Other estimates suggest the lifejacket could 
range from 20–100 percent of interceptor 
mass given the lifejacket’s shielding and sta-
tionkeeping functions.46

After Brilliant Pebbles was cancelled in 1993, 
NASA and the Ballistic Missile Defense Orga-
nization cooperated on the Clementine probe, 
which incorporated many Brilliant Pebbles 
technologies for a planetary science mission.47 
The total cost for Clementine, including launch 
on a Titan II(23)G SLV, was $75 million in 1993, 
which is equivalent to $170 million in 2026.48 
Some reports indicate that the cost of a Titan 
II(23)G launch at the time was approximately 
$34 million, suggesting Clementine itself cost 
about $40 million, or $91 million in 2026.49 
These numbers roughly align with the original 
goals of the Clementine project, which was to 
build two probes for $100 million.50 While the 
dry mass of the satellite was approximately 
200 kg, with propellant Clementine weighed 
about 424 kg.51 However, since Clementine’s 
mission involved orbiting the moon, it may 
have been loaded with more propellant and 

other equipment than an SBI would have.

A decade later the Missile Defense Agen-
cy’s Near Field Infrared Experiment (NFIRE) 
project also tested some SBI technologies. 
In addition to missile tracking sensors, NFIRE 
was originally designed to fire a small projec-
tile at an incoming warhead.52 The projectile 
was dropped from the program after critics 
claimed it was a stepping stone to space-
based interceptors.53 NFIRE ultimately only 
deployed the lifejacket or bus without the 
interceptor, instead carrying a Track Sensor 
Payload to collect data on boosting missiles 
and a German-built Laser Communications 
Terminal to assess whether laser communi-
cations would be beneficial for space-based 
defenses.54 NFIRE was launched in 2007 and 
remained in service until 2015.

For FY 2005 the NFIRE budget was $68 
million and later reports suggested the space-
craft cost $65 million each, or $118 and $113 
million respectively in 2026.55 Contemporary 
reporting indicated NFIRE weighed 494 kg, 
though since the satellite did not include the 
interceptor, merely the bus or lifejacket and 
other sensor and communications packages, 
this would not have reflected the true weight 
of a weaponized NFIRE system.56 NFIRE was 
much heavier than any of the predicted mass-
es for Brilliant Pebbles, including lifejackets. 
This may have been a function of NFIRE’s 
more diverse functions.

In 2025, a Booz Allen Hamilton paper pro-
posed an SBI system as part of Golden Dome 
named “Brilliant Swarms.”57 Brilliant Swarms 
would consist of 2,000 small satellite inter-
ceptors and cost approximately $25 billion.58 
The proposed interceptors would weigh 
between 40 and 80 kg each.59 A senior exec-
utive at the company said that they estimated 
it would cost about $70 million to put 100 sat-
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ellites for the system in orbit.60 This statement 
suggests the launch costs for Brilliant Swarms 
would be around $1.4 billion, leaving the 
remaining $23.6 billion to cover the research 
and development, engineering, and produc-
tion costs for the interceptors. Divided equally, 
that comes out to over nearly $12 million per 
interceptor. It is worth noting the actual mar-
ginal cost of producing each interceptor will 
be lower than $12 million, as the $23.6 billion 
covers much more than production.

The lowest estimate for the price of an SBI 
in 2025 dollars is over $1.3 million, while the 
highest is over $110 million. There is a similarly 
vast range for possible masses, ranging from 
40 kg to nearly 500 kg. For simplicity, and 
to be generous to the defender, we chose 
to base our cost estimates on a $1.3 million 
interceptor. This cost is unlikely to be realized. 
This is a best-case scenario for the defender 
and therefore should be considered at the 
extreme low end of any cost estimate.

It is worth comparing these to costs for exist-
ing exoatmospheric kill vehicles. The Capa-
bility Enhancement-II (CE-II) Exoatmospheric 

Kill Vehicle for the Ground-Based Interceptor 
cost roughly $39 million each in FY 2010, 
or about $60 million today.61 Of course, the 
CE-II was not produced in large quantities, 
so economies of scale could bring the cost 
down somewhat. The SM-3 Block IIA costs 
around $27–30 million. Rounds bought before 
FY 2025 went for around $27 million, but the 
price has gone up and rounds purchased in 
FY 2027 will be $29.893 million.62 However, 
as that price is for the whole interceptor, ob-
viously the advanced Kinetic Warhead would 
cost somewhat less. Nevertheless, the SM-3 
and the CE-II EKV both suggest that the kill 
vehicles used in an SBI constellation would 
cost more than the $1.3–12 million suggested 
by Brilliant Pebbles and Booz Allen Hamilton.

David Wright recently estimated the capa-
bilities of space-based interceptors and 
concluded the notional Booz Allen Hamilton 
interceptors were far too light.63 Wright divid-
ed the satellite into three component parts; 
an interceptor with a kill vehicle and booster, 
and a lifejacket. Based on the Clementine 
instruments and previous studies such as 
those conducted by the APS, and account-
ing for technological advances, he assessed 
the kill vehicle would weigh 30 kg excluding 

Table 2: SBI Characteristics

Interceptor Mass (kg) Cost/Interceptor (millions of 2026 
USD)

Brilliant Pebbles 45 interceptor + 
9–45 lifejacket $1.3-3.5

Clementine 424 $91

NFIRE >494 $113-118

BAH 40-80 <$12
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Table 3: Interceptor Satellite Masses

Table 4: Scenario Characteristics

Burnout 
Velocity (km/s)

Fueled KV Mass 
(kg)

Booster Mass 
(kg)

Lifejacket Mass 
(kg)

Total Satellite 
Mass (kg)

4 95 415 205 715

6 95 1215 525 1835

8 95 3775 1550 5420

Scenario Max 
Latitude 
(°N)

Salvo 
Size

Patrol Radius 
(km)

Burn Time (s) Dispersal 
Time (s)

Release 
Time (s)

Interceptor 
Speed 
(km/s)

DPRK 
Mobile

42.9 4 0.15 100 0 15, 30, 45 8, 4, 6

China
Silo

42.45 110 25 190 0 15, 30, 45 8, 4, 6

Sarmat 55.40 34 52 245 100 15, 30, 45 8, 4, 6
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propellant and tankage.64 With propellant and 
tankage, the kill vehicle would weigh 95 kg. 
Booster mass varied based on the needed 
burnout velocity of the interceptor. Using 
Wright’s equations, we calculated booster 
masses for interceptors reaching burnout 
velocities of 4, 6, and 8 km/s.65 Wright further 
assessed the lifejacket would be approximate-
ly 40% of interceptor weight, consistent with 
previous estimates by Canavan, Teller, and 
others. Using Wright’s method, we calculated 
satellite mass for the different interceptors we 
model. Those masses, including booster mass 
and lifejacket mass, are presented in Table 3 
on the following page.

The following sections will examine different 
interceptors, decision times, and missile char-
acteristics, and their impact on constellation 
size and cost. Three different release times 
will be considered, as well as three different 
missile burn times and three different inter-
ceptor speeds. The specific latitudes, burn 
time, dispersal time, number of missiles, and 
patrol area radius will be explained for each 
scenario.

Table 5: DPRK 100s Burn Mobile Missile Constellation Size - heavier interceptors

Interceptor 
Speed (km/s)

Decision 
Time (s)

Required 
Interceptors

Initial Cost 
($ in millions)

Sustainment 
Cost ($/year in 

millions)

8 15 958 23,047 4,609

8 30 1,413 33,980 6,796

8 45 2,288 55,034 11,006

6 15 1,703 15,341 3,068

6 30 2,510 22,617 4,523

6 45 4,065 36,629 7,329

4 15 3,830 16,477 3,295

4 30 5,646 24,291 4,858

4 45 9,141 39,337 7,867
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A Mobile North Korean 
Missile Threat
One oft-cited case for SBIs is the North Kore-
an ICBM threat.66 One way to size a constel-
lation against the North Korean ICBM force 
is to use a representative long-range missile 
base disguised as a golf course discovered 
in March 2025.67 This garrison is designed 
to house mobile long-range ballistic missiles 
which would launch from paved, pre-surveyed 
launch sites in a relatively small patrol area. 

The cluster of launch pads is about a third of a 
km wide, giving a patrol radius of 0.15 km. The 
northernmost latitude defended would be the 
northern-edge of North Korea at 42.9°N. The 
goal, of course, is to cover the entirety of the 
North Korean ICBM force, rather than just this 
representative garrison in the southern part of 
the country. Finally, based on the size of North 
Korean ICBM-class transporter-erector launch-
ers and the size of the bermed storage annex 
for vehicles, we assessed that 4 launchers 
could be securely stored on site, suggesting 
the size of the garrison.68

We modeled a notional 100-second fast-burn-
ing ICBM, for this scenario, not necessarily 
because that is a capability the North Koreans 
could currently implement, but to demonstrate 
the importance of burn time on constellation 
size.

These figures demonstrate how sensitive 
constellation size is to the intercept window. 
For any given interceptor speed, the change 
in release window roughly doubles the con-
stellation size. Under reasonable conditions, 
a 30-second release window, and a 4 km/s 
interceptor, defending against only a handful 

of North Korean ICBMs would demand over 
5,000 interceptors.

China’s Silo-Based 
Missiles 
Since the discovery of the People’s Republic 
of China’s construction of hundreds of missile 
silos in 2021, analysts and policymakers have 
fretted about the impact this force will have on 
US forces and posture. Former Acting Assis-
tant Secretary of Defense for Space Policy Vi-
pin Narang has repeatedly stated the Chinese 
silo fields are intended to upset US strategic 
force structure.69 Given the difficulties the si-
los pose for US force planning, one potentially 
attractive option for space-based interceptors 
would be to use SBIs to remove the new silos 
from the equation, tailoring a constellation to 
deal with that particular threat. Indeed, that is 
similar in principle to the proposal Canavan 
and Teller made, where an SBI constellation 

An image of the missile lauch released by the Chinese People’s 
Liberation Army on September 25, 2024.
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Table 6: China Silo Field Constellation for 190s Burn Missile

Interceptor 
Speed (km/s)

Decision 
Time (s)

Required 
Interceptors

Initial Cost 
($ in millions)

Sustainment 
Cost ($/year in 

millions)

8 15 5,950 143,166 28,633

8 30 7,094 170,707 34,141

8 45 8,604 207,031 41,406

6 15 10,455 94,204 18,840

6 30 12,452 112,205 22,441

6 45 15,082 135,906 27,181

4 15 22,985 98,997 19,799

4 30 27,319 117,667 23,533

4 45 33,007 142,163 28,432

would counter the threat posed by the Soviet 
SS-18 silo fields.

We considered a 190-second burn time for 
this constellation. The Department of De-
fense assesses the silos in northern China will 
likely be filled with DF-31-class ICBMs.70 More 
specifically, they will likely house the DF-31BJ, 
a silo-based variant of the mobile DF-31A that 
was unveiled during a parade in September 
2025.71 While we have not seen a full burn of 
a DF-31 variant ICBM, given the shorter burn 
times associated with solid propellant ICBMs it 
may be around 190 seconds.

To size a constellation against the silo fields 
two pieces of data are needed. First is the lat-
itude of the northernmost point of the north-
ernmost silo field. This will help determine the 
edge of the area protected by the constella-
tion and calculate the “z” factor. In this case, 
that would be the northern edge of the Hami 
missile field, at 42.45°N. 

Second is the radius of the densest silo field. 
Hami has 110 silos in about 802 square km, or 
about 0.137 silos per square km, with a radius 
of about 25 km at its widest point. Yumen has 
120 silos in an area of roughly 990 square km, 
or about 0.12 silos per square km, with a radi-
us of about 30 km at its widest point. Hanggin 
Banner/Yulin fits 90 silos in an area of about 
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Table 7: Sarmat Silo Field Constellation for 245s Burn Missile 

With 100s Dispersal Time

Interceptor 
Speed (km/s)

Decision 
Time (s)

Required 
Interceptors

Initial Cost 
($ in millions)

Sustainment 
Cost ($/year in 

millions)

8 15 629 15,122 3,024

8 30 689 16,566 3,313

8 45 758 18,227 3,645

6 15 1,103 9,938 1,987

6 30 1,208 10,881 2,176

6 45 1,328 11,964 2,392

4 15 2,420 10,420 2,084

4 30 2,646 11,395 2,279

4 45 2,906 12,513 2,502

775 square km, about 0.116 silos per square 
km, and is about 17 km in radius at its widest 
point. As Hami is the densest silo field, the 
radius of 25 km was used for the calculations.

Even under the most optimistic conditions, at 
least several thousand SBIs are required to 
defend against China’s silo fields. Under less 
generous circumstances, tens of thousands 
are needed. Recall these constellations only 
ensure that at least one interceptor is in range 
of an ICBM. If one desired redundancy in the 
system for two-on-one targeting to raise the 
probability of kill, the constellations would be 

dramatically larger. As the intercept window 
closes, either due to a faster burning ICBM or 
a longer period of decision time, the constella-
tions rapidly reach tens, or even hundreds, of 
thousands of satellites.

RS-28 Sarmat Fields
In the 1990s Teller and Canavan proposed 
a Brilliant Pebbles constellation to counter 
the Soviet SS-18 Satan ICBM fields. Capable 
of delivering 10 warheads at intercontinental 
ranges, the SS-18 was the apotheosis of the 
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Soviet liquid ICBM program. After several fail-
ures, Russia conducted its second successful 
test of the successor to the SS-18, called the 
RS-28 Sarmat by the Russians, in May 2026.72 
One could size an SBI constellation today, 
true to Teller and Canavan’s intentions, coun-
tering any new Sarmat deployments. 

There are added benefits to attempting to 
target Sarmat in the boost phase. Russian 
President Vladimir Putin has suggested that 
the new large liquid-propellant ICBM has 
been built with the range to target the United 
States while flying over the south pole, rather 
than on a conventional ICBM trajectory over 
the north pole.73 The southern shot would 
avoid much of the US missile detection and 
defense architecture, a perennial worry for the 
Russians. A boost-phase defense against Sar-
mat would prevent it from evading US defens-
es by going south, either to deliver a ballistic 
warhead or a Fractional Orbital Bombardment 
System (FOBS).

Sarmat will replace the SS-18 regiments which 
make up the 13th Missile Division at Dom-
barovsky and the 62nd Missile Division at 
Uzhur.74 The SS-19 regiments at Dombarovsky 
are expected to eventually be replaced with 
Sarmat as well.75

Like the Chinese silo fields, information about 
which of the two fields is larger and the north-
ernmost latitude to be defended are key to 
sizing an anti-Sarmat constellation. The silo 
field at Dombarovsky includes 34 silos spread 
over about 2400 square km, about 70 square 
km per missile. The 62nd Division at Uzhur 
houses 28 silos within about 1600 square km, 
or 57 square km per missile. Since the 13th 
Missile Division is more numerous, it demands 
more interceptors, so its 52 km radius and 34 
launchers are used to size the constellation. 
However, the 62nd Missile Division will have 
the northernmost Sarmat silo, at 55.40°N. We 
use the size of Dombarovsky and the latitude 
of Uzhur to size the constellation.

Soviet SS-18 MOD 5 Intercontinental Ballistic Missile - Ronald C. Wittmann, 1989 (DIA Military Art Collection)
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Additionally, since Sarmat is a liquid propel-
lant missile we have not included the 190- 
and 100-second burn times. Unfortunately 
we do not know the Sarmat burn time as the 
Russians have not released a video of the 
full burn, nor have they converted it to SLV. 
Instead, we consider the 245-second burn de-
rived from the Dnepr. To all of these, we have 
added 100 seconds of deployment time. The 
SS-18 could carry as many as 10 warheads 
and it is likely Sarmat will carry a similar num-
ber. While this lowers the number of required 
interceptors for the constellation, it increases 
the leakage rate, as many of the warheads 
would get through the more porous defense. 
Whether the damage is limited by this margin-
al capability is a worthwhile subject for future 
study.

This constellation, along with the previous 
two, illustrate that while launch costs have 
declined significantly, they are still a limiting 
factor. Across the scenarios, while the 8 km/s 
interceptor constellation is the smallest, it is 
also the most expensive. This price is driv-
en in large part by the mass of the booster, 
which must have more propellant to produce 
enough thrust. Given current launch prices 
and capabilities, it appears the 6 km/s inter-
ceptor constellations are the most modestly 
priced, closely followed by the 4 km/s inter-
ceptor. The small variance between the 4 and 
6 km/s interceptor constellations reflects our 
model’s use of $1.3 million as the interceptor 
cost. In all likelihood, the faster interceptor 
would be more expensive. Whether that 
would be offset by the larger number of in-
terceptors demanded in a 4 km/s interceptor 
constellation deserves further study. Never-
theless, the relative simplicity, smaller mass, 
and probable economies of scale associated 
with 4 km/s interceptor constellations may 
make them more desirable than more capa-
ble, yet more massive and expensive constel-
lations.

SBIs could limit the effect of Sarmat, com-
plicating any FOBS deployment or southern 
trajectory shots which would undermine other 
elements of the US missile defense archi-
tecture. Considering the 4 km/s case against 
a feasible 245 second burn Sarmat with 
30 seconds of decision time, and doubling 
the size of the constellation for two-on-one 
targeting to improve coverage, it would only 
cost approximately $4 billion up front and 
$115 million each year to sustain an anti-Sar-
mat constellation. However, this constellation 
would be much more brittle and permeable 
since it would allow the majority of the war-
heads to leak as intercept would only have to 
occur before the final warhead was deployed. 
Nevertheless, there are some relatively simple 
countermeasures the Russians could take 
which would severely hamper or undermine 
such a constellation.

Potential 
Countermeasures 
and Responses
It is naive to think American adversaries 
would accept US deployment of any of these 
SBI constellations without strenuous objec-
tions and serious responses. Indeed, the 
Russians and the Chinese thought through 
their approaches to countering constellations 
akin to Brilliant Pebbles in the 1980s. Former 
Soviet officials suggested that official thinking 
around their “asymmetric response” was well 
reflected in public reports from the time.76 
Those reports indicated the strategy was 
built around two pillars, “active and passive 
countermeasures. The former would be based 
on the development of means for neutralizing 
and destroying the various components of a 
multilayered BMD [ballistic missile defense], 
and the latter on the buildup, modification, 
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and diversification of strategic offensive nu-
clear forces.”77 This approach appears to have 
been emulated by the Chinese. Senior Chi-
nese diplomats and military specialists report-
edly remarked they would mirror the Soviet 
“asymmetric response,” which they called the 
“Andropov solution.”78

A non-exhaustive list of the active counter-
measures outlined by Yevgeni Velikhov and 
other Soviet academicians included ground-
based direct ascent anti-satellite weapons 
(ASATs), ground-based high-power lasers, 
and space mines.79 Velikhov noted that such 
a ground-based direct ascent system would 
be fast-burning, akin to the US Sprint ABM 
interceptor, to minimize the boost phase. A 
Lawrence Livermore National Laboratory 
study from 1990 argued there would be a cost 
ratio of about 40:1 in favor of small, ground-
launched ASATs against un-defended Brilliant 
Pebbles.80 China and Russia have both devel-

oped and tested kinetic, direct ascent anti-sat-
ellite weapons, though they are likely much 
more expensive than those considered in the 
study.

Among the goals articulated by North Korea at 
the Ninth Party Congress of the Worker’s Party 
of Korea in February 2026 included devel-
oping “special assets for attacking adversary 
satellites.”81 Given the technical difficulties 
associated with hit-to-kill systems, including 
sensitive infrared sensors, and their relative 
independence from space-based assets, it 
would not be surprising if North Korea’s “spe-
cial assets” included a nuclear-armed direct 
ascent ASAT.

Both Russia and China appear to have de-
veloped, and Russia has deployed, ground-
based high-powered lasers to disrupt US 
space systems. Russia developed the Perse-
vet laser system to protect its mobile ICBM by 
dazzling intelligence, surveillance, and recon-

A diagram of an independent post boost vehicle arrangement from a textbook used at Bauman Moscow State 
Technical University, courtesy of Pavel Podvig.

Pavel Podvig, “Yars launch in September tested parallel deployment of warheads,” Russian Strategic Nuclear Forces, 
October 4, 2017, https://russianforces.org/blog/2017/10/yars_launch_in_september_teste.shtml.



FPRI | NOTHING NEW UNDER THE GOLDEN DOME

19

naissance (ISR) satellites.82 In 2019, then-De-
fense Minister Sergei Shoigu stated the 
mobile laser had been deployed with at least 
five Russian mobile ICBM divisions.83 Similarly, 
China has static laser dazzling sites and has 
likely developed a mobile anti-satellite laser 
as well.84 Peresvet and its Chinese cousin 
could easily be turned against an SBI constel-
lation, damaging sensors and other elements 
of early warning and detection satellites or the 
SBIs themselves.85

While there is less evidence of China testing, 
building, and deploying space mines, both 
China and Russia appear to have made sig-
nificant investments in co-orbital anti-satellite 
weapons that could feasibly include explosive 
payloads of the sort described by Velikhov 
and his co-authors.86 Moreover, senior US 
government officials have spoken quite frank-
ly about intelligence indicating Russia has an 
active program to place a nuclear weapon in 
low-earth orbit.87 While perhaps at the most 
extreme end of the spectrum of possible 
space mines, such a capability would allow 
the Russians to negate a SBI constellation by 
generating an electromagnetic pulse, damag-
ing satellites within line of sight of the mine 
and pumping the radiation belts to damage 
those satellites which weren’t promptly affect-
ed.88

As for the passive countermeasures suggest-
ed by the “asymmetric response” strategy, 
those include saturating defenses by building 
more forces, deploying additional warheads 
on existing missiles, or building cheap, un-
armed ICBMs with rudimentary guidance, 
innovative launch tactics including coordi-
nated launches and depressed trajectories, 
shortening missile burn times, and reducing 
the infrared signature of the missile plume.89

Saturation is relatively straightforward and 

does not need much further explanation. At 
lower release windows, the system may be 
more sensitive and have more automaticity 
built into it, making it more susceptible to be-
ing fooled by cheap, unarmed missiles. One 
could envision the Chinese regularly launch-
ing sounding rockets with boosters designed 
to produce an infrared signature similar to 
that of the first stage of a DF-31 to attrit a SBI 
constellation over time.

There are many innovative launch tactics 
which could undermine SBIs. As an illustra-
tive example, one could preposition mobile 
launchers further along the orbit of the con-
stellation from a silo field. One would launch 
the missiles in the silo field first, and as the 
constellation intercepted them, it would open 
a window through which the mobile missiles 
could fire shortly thereafter. Of course, care-
ful constellation design with multiple orbital 
tracks can account for this type of tactic. Yet, 
this example illustrates the kind of strategies 
that could be used to complicate SBI constel-
lations. 

More classically, an adversary could fire on 
depressed trajectories. Depressed trajecto-
ries complicate SBI interception as the missile 
spends less time outside the atmosphere. 
While there are significant range penalties 
and it puts the airframe under more stress 
and heat, the shorter flight times and lower 
apogees carry their own benefits, especially 
for adversary submarine-launched ballistic 
missiles.

As demonstrated by the constellation sizing 
exercises, attacking the intercept window is 
one of the most effective ways to drive up the 
required number of interceptors, best accom-
plished by shortening burn time. If the missile 
burns out and the warhead separates before 
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the interceptor can arrive, the interceptor 
will miss and the warhead will continue into 
midcourse. Garwin in his response to Cana-
van and Teller suggested that 100-second 
burn solid propellant ICBMs were feasible 
with a missile only 5 percent heavier than 
otherwise.90 Indeed, reporting indicated the 
Topol-M, the successor to the SS-25/Topol 
that Garwin cited, was designed with a much 
faster burn than the Topol to complicate de-
fenses.91 A report made to the Fletcher Panel, 
one of the early commissions to investigate 
issues surrounding SDI, reportedly indicated 
that burn time for a solid ICBM could be cut to 
60 seconds with a payload penalty under 20 
percent.92 In more simple terms, an attacker 
could trade a small amount of weight for a 
faster burn. That weight requirement could 
simply mean an attacker carries fewer war-
heads, or could create an incentive to build 
lighter warheads.

Similarly, adversaries could use independent 
post-boost vehicles for their warheads rath-
er than rely on a single post-boost vehicle 
(PBV). If an interceptor hit a regular PBV, it 
would likely destroy or mission kill all of the 
warheads which had not yet been dispersed. 
However, if each reentry vehicle had its own 
PBV, even if the SBI performed perfectly it 
would only hit one of several reentry vehicles 
deployed by the ICBM. Indeed, Russia tested 
such an independent PBV arrangement on a 
Topol-M in 2017 and some analysts believe 
the recently paraded Chinese DF-61 uses in-
dependent post-boost vehicles (IPBVs) based 
on Chinese missile naming conventions.93 
There would be weight penalties associated 
with IPBVs, reducing payload, but those would 
likely be considered worthwhile by adversar-
ies seeking to overcome SBIs. IPBVs effective-
ly reduce the intercept window to the period 
when the third stage is burning, otherwise the 
majority of the warheads will escape intercep-
tion.

Given the sensitivity of modern space-based 
infrared systems for early warning and detec-
tion, it may not be worthwhile for adversaries 
to attempt to complicate SBIs by reducing the 
infrared signature of their rocket plumes. The 
SLOW WALKER program started in the 1980s 
to use the Defense Support Program satel-
lites to track aircraft on afterburner suggests 
the sensors were sensitive enough not to be 
fooled by such tactics over 40 years ago, and 
have likely only gotten better over time.94

Conclusion
Using relatively simple tools and calculations, 
it is possible to approximate the size of vari-
ous SBI constellations. Of course, the model 
we have developed is not perfect and we 
make several simplifications. Nevertheless, 
the model provides a good first-order esti-
mate of the scale and cost of the space-based 
missile defense endeavor.

The constellation’s size is always going to 
be driven by the system’s overarching objec-
tive. We have presented three examples of 
targets: mobile North Korean missile forces, 
Chinese silo fields, and Russian heavy liquid 
ICBM silo fields. When using realistic assump-
tions about interceptor speed, release time, 
and burn time, the data clearly shows that 
constellations quickly become very large and 
very expensive. Most of the constellations we 
presented equal or exceed the largest exist-
ing satellite constellation: SpaceX’s Starlink 
constellation. As of the time of writing, Starlink 
has about 10,500 satellites in orbit.95 Most 
of the constellations described here would 
comfortably surpass the size of Starlink, both 
in scale, complexity, and mass on orbit. While 
SpaceX has demonstrated that large constel-
lations like Starlink are possible, space-based 
internet is much simpler than space-based 
missile defense. Even though launch costs 
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have come down, the costs associated with 
more capable, yet more massive, constella-
tions indicates launch costs are still prohibitive 
for some capabilities. Moreover, the complex-
ity of command and control for an SBI con-
stellation of any value would be an immense 
challenge.

Our analysis also identifies key factors de-
termining constellation size: the duration of 
the intercept window and interceptor speed. 
While interceptor speed is something the 
United States can control, within the bounds 
of reasonable engineering, the intercept 
window is adversary-driven. There are many 
straightforward steps adversaries can take 
to narrow the intercept window and make 
it much easier to saturate a constellation or 
render it far too small to cope with the desired 
threat.

While the passive responses are effective 
and, in the main, rather benign for stability, the 
active measures are not. Persistent dazzling, 
aggressive ASAT attacks, and incentives to 
place space mines and nuclear weapons in 
orbit produce a more precarious security situ-
ation. As we revisit space-based boost-phase 
defenses, we should be conscious about 
the incentives SBIs create for adversaries. Is 
the marginal damage limited by any of these 
constellations worth the time, effort, cost, and 
rejoinders our adversaries will make? Our 
sense is no.
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