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EXECUTIVE SUMMARY

Current global conflicts demonstrate significant revolutions in modern warfare; namely,
the increasing cost to defend against small, affordable systems and the benefit to strike targets
undetected and at will. The U.S. is attempting to address these changes by investing in the
critical technologies of hypersonic and directed energy weapons. But after nearly a decade of
prototyping and testing—efforts that cost billions of dollars—the U.S. has yet to field a single,
sustainable hypersonic or directed energy weapon. The Department of Defense must therefore
develop a cohesive strategic plan to advance its hypersonic and directed energy weapon
initiatives effectively.

The Department’s current requirements for these systems are undefined, a problem
resulting in continued development cycles and non-existent production lines. Additionally, the
lack of coordination with allies and partners underutilizes their products, resources, and industry.
Promptly procuring a limited number of operational hypersonic and directed energy weapons
will return the U.S. to its leading technical role that will generate tangible benefits for political,
military, and industry stakeholders. To procure credible hypersonic and directed energy
weapons expeditiously, the Department should create central authorities for hypersonic
development and procurement and prioritize directed energy partnerships.

Hypersonics and directed energy weapons emerged from the current, complex strategic
environment, generating implications for policymakers, service members, the defense industrial
base, and U.S. allies and partners. Emerging technologies continuously transform the character
of war, with hypersonic and directed energy weapons at the forefront of this evolution. Peer
adversaries have developed and fielded hypersonic capabilities, posing significant challenges to

the U.S.’s technological supremacy in current and future conflicts. Moreover, the ongoing



conflicts in Ukraine and Israel highlight the economic disparity involved when low-cost
unmanned aerial vehicles are targeted with expensive kinetic interceptors, illustrating the
financial and tactical implications of modern warfare. Strengthening deterrence across Europe
and within the Indo-Pacific are national and global security priorities, as are competing with
China and containing Russia. These objectives will benefit from hypersonic and directed energy
capabilities, but critics remain concerned over the cost, feasibility, and utility of investing in

these emerging technologies.



“We will not leave our future vulnerable to the whims of those who do not share our vision for a
world that is free, open, prosperous, and secure,”
President Biden.!

I. An Inflection Point

On April 13, 2024, Iran launched an astonishing attack against Israeli military
installations, firing more than 170 drones, 120 ballistic missiles, and 30 cruise missiles. The
result, however, was an incredible display of defense. A multinational shield from Israel, the
U.S., the United Kingdom (U.K.), France, Jordan, Saudi Arabia, and the United Arab Emirates
intercepted 99 percent of all incoming ordnance.? Israel reported no casualties and sustained
only minor damage. The price of Iran’s attack was $80 to $100 million, but it cost Israel and its
allies $1 billion to repel.> The defensive result is remarkable, but the economics are more telling:
the U.S. and its allies cannot afford to defend against future, sustained autonomous attacks using
conventional high-cost munitions.

Less than a week later, Israel retaliated with a new long-range, precise, and survivable
missile. The missile struck Iran’s coveted S-300 surface-to-air missile system that protected the
Natanz nuclear facility.* This strike demonstrated something profound and sent a clear
signal: Israel possesses the capability to strike any location within Iran without warning,
detection, or interception. Iran played down the strike and deescalated tensions. Israel
accomplished deterrence.

The recent Iran-Israel engagement unmasked significant evolutions in modern warfare:
the increasing cost to defend against autonomous systems and the benefit of penetration at will.
The U.S. has addressed these transformations through critical technologies; namely, hypersonic

weapons and directed energy weapons (DEW). But after nearly a decade of prototyping and

testing—efforts that cost billions of dollars—the U.S. has yet to field a sustainable hypersonic or



DEW. The Department of Defense (DOD) must therefore develop a cohesive strategic plan to
advance its hypersonic and DEW initiatives effectively. Currently, DOD’s requirements for
these systems are undefined, resulting in continued development cycles and non-existent
production lines. Additionally, the lack of coordination with allies and partners underutilizes
their products, resources, and industries. Promptly procuring a limited number of operational
hypersonics and DEWSs will return the U.S. to its leading technological position that will
generate tangible benefits for political, military, and industry stakeholders. To procure credible
hypersonics and DEWSs expeditiously, the DOD should: (1) create central authorities for
hypersonic development and procurement and (2) prioritize directed energy partnerships.

This paper, the culmination of six months of study and research, will provide background
information concerning the threats driving U.S. investments into these technologies followed by
two case studies that discuss and diagnose the benefits and challenges of fielding each type of
weapon system. It will then conclude with policy recommendations DOD should consider to
guarantee the U.S. has the right tools at the right scope for the current strategic environment, an
environment characterized by great power competition and the need to contain immediate threats
to the free and open international system.

I1. The Current Strategic Environment
A. The Current Operating Environment

Hypersonics and DEWSs have emerged from within a complex strategic environment that
contains implications for policymakers, service members, industry, and U.S. allies and partners.
The 2022 National Security Strategy outlines the U.S. faces two peer adversaries in Russia and
China, countries whose advanced weapons currently surpass those of the U.S.> As a result,

Congress has invested crucial defense dollars to maintain the edge or, in some cases, catch up to



Russia and China. Strengthening deterrence across Europe and within the Indo-Pacific are
national and global security priorities, as are competing with China and containing Russia.
These objectives will benefit from hypersonic and directed energy capabilities, but certain critics
remain rightfully concerned over the cost, feasibility, and utility of investing in these
technologies.®

Despite concerns, hypersonic and directed energy technologies remain U.S. national
security priorities. These technologies represent 2 of 14 critical technologies enumerated by the
Undersecretary of Defense for Research and Engineering as “vital [for] maintaining the United
States national security.”’ Hypersonic® missiles travel faster than Mach 5, follow non-ballistic
trajectories, and can maneuver in flight (see Figure 1%). These characteristics make hypersonics
ideal for enemy anti-area access denial (A2AD) systems and targeting power projection assets
such as aircraft carriers or foreign basing locations. Because of these attributes, Russia and
China have invested heavily in hypersonic missiles, deploying three operational variants, while
the U.S. has yet to officially field a system. This gap led the former Chairman of the Joint Chiefs
to conclude China’s 2021 successful hypersonic missile test served as a “Sputnik moment” for
U.S. national security professionals.®

Politically, Washington views
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advancements.*! Furthermore, allies, such as the U.K. and Australia, seek to develop or purchase



hypersonic weapons and other emerging technologies in partnership with the U.S., for example,
through the Trilateral Security Partnership Between Australia, U.K., and the U.S. (referred to as
“AUKUS”).12

From the Pentagon’s standpoint, hypersonics are an indefensible weapon. A former Vice
Chairman summarized hypersonics as “responsive, long-range, strike options against distant,
defended, and/or time-critical threats when other forces are unavailable, denied access, or not
preferred.’® A former Obama Administration official was more blunt, describing hypersonics as
“instant leader-killers.”** From an economic perspective, hypersonics are expensive, forcing
industry to absorb significant risk without a persistent demand signal. Firms are rightfully wary
of this situation, being told to develop hypersonics rapidly, but then facing ambiguous funding
streams.

DEWs possess other desirable characteristics. As witnessed in Ukraine and the Middle
East, the proliferation of inexpensive drones presents a changing characteristic of war. For
example, since October 19, 2023, Houthi rebels have launched hundreds of drone and missile
attacks—a near daily occurrence—on Western shipping in the Red Sea, which the U.S. has
primarily defended against with multi-million-dollar missiles.*®

From a military and economic perspective, the U.S. and its allies and partners are
concerned with the growing threat drones pose to security and defense. DEWS, including high-
energy lasers (HEL) and high-power microwaves (HPM), offer low-cost, enduring solutions. At
dollars per salvo, these weapons target incoming projectiles or drones with lasered accuracy or
provide a field of disabling microwaves. Technology, and the industrial base, plays a significant
role in developing hypersonics and DEWS; therefore, understanding the forces within these

markets is vital for Congress and DOD to field these systems successfully and promptly.



B. The Current Competitive Environment

Estimates of the 2024 U.S. defense market indicate it is larger than $309 billion and will
grow at a compounded annual rate of 3.58 percent.’® This market is then expected to expand to
$367 billion by 2029.1" Our two case studies focus on the more-narrow markets of hypersonics
and DEWSs. Because these critical technologies are identified in the 2023 National Defense
Science and Technology Strategy,*® they will likely receive continued funding into the
foreseeable future.

As hypersonics and DEWSs garner more attention, understanding their competitive
operating environments can assist Congress and DOD in anticipating shifts in competition,
shaping how industry structure evolves, and finding better strategic positions and budget
opportunities within industry. Using Professor Michael Porter’s Five Forces (P5F) analysis, the
forces that determine the competitive intensity of a market are: (1) the bargaining power of
buyers; (2) the bargaining power of suppliers; (3) the threat of new entrants; (4) the threat of
substitute products or services; and (5) rivalry among existing competitors.*® Important forces
will be discussed in turn.

1. Five Forces of Hypersonics

Although narrow, the hypersonic market is large and contains overlapping commercial
and military elements. The U.S. has invested billions into hypersonic research, development,
testing, and evaluation (RDT&E) since 2000, including $3.8 billion in fiscal year 2022 (FY22)
and $4.7 billion in FY23.2% While the FY 24 budget included $11 billion in long-range fires,

which includes hypersonics, it did not delineate the hypersonic total.



Considered within this PSF analysis are Industry

Competitors

the two main types of hypersonics: hypersonic

glide bodies and scramjet-powered hypersonic

Potential
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munitions. Starting with industry competitors,
there are limited firms in this advanced and

technical industry. Even the large U.S. defense

firms (referred to as the “Big Five” or “Primes’) Suppliers'— : hriiisconobi

are hesitant to enter alone as most have [Figure 2: PSF Hypersonics]

partnered with other Primes or tier 1 sub primes. This technology is challenging to mature to the
tolerances previously expected from the munition industry.

Considering potential entrants, new firms require more capital for RDT&E and low-rate
initial production of multi-million-dollar missiles. The few new entrants into this market have
been supplemental component participants like the rocket engine. This force is a low threat for
substitutes and complements because current munitions do not meet the technical or political
requirements for hypersonics.

The suppliers, in contrast, are a considerable force. Highly specialized materials are
frequently identified as long-lead or critical because the current list of materials that can
withstand a hypersonic environment is small. The materials that can survive are often in short
supply or take months to produce. Finally, the buyers of hypersonic systems are the most critical
force. Currently, the sole buyer is the U.S. government. This sole buyer must, therefore, deliver

a strong and consistent demand signal if it wants hypersonic programs to consist of more than

“one and done” missiles.



2. Five Forces of Directed Energy
DOD requested approximately $1 billion for DEWs in FY24.21 This analysis will focus
on two types of DEWSs: HELs and HPMs. The spectrum of the DEW market spans from mature
technical readiness level (TRL) projects being field tested overseas by the largest defense
contractor to some of the smallest companies simply attempting to gain market access. 2
Within a P5F framework, industry (T

competitors evaluate the number of existing

rivalries. This category is fully represented

/'f \"\ Potential

by the “Big Five,”?® multiple mid-tier o g, Exmes
companies, and several venture capital start- e :

ups. A P5F analysis indicates this force is N

intense. While HELSs are not new, the system — sstttes &
integration and size, weight, and power (SWaP) [Figure 3: P5F Directed Energy]

limitations on usable platforms are difficult.

In comparison, this market has a low threshold for entry. Novel concepts are either
gaining enough traction to receive funding or being bought by the Primes, who are looking for a
market advantage. Because of the currently available technology, the substitutes and
compliments for HELs and HPMs are a lower threat. Similar to hypersonics, the supply chain
suppliers constrain crucial components and refined elements. Their force is high.

HEL and HPM systems are government-owned and operated. Governments are the only
buyers, and this is currently limited to the U.S. and its allies and partners. There are, however,

some dual-use manufacturing aspects for lasers. As long as the government and DOD maintain a



signal for layered defense using DEWS, industry will improve the SWaP for these systems and
generate a price point that will fit within constrained defense budgets.
[11. Hypersonic Case Study
A. Stakeholder Interest

In 2015, China successfully tested a hypersonic vehicle.?* Four years later, China
displayed the world’s first hypersonic weapon, the DF-17, during a People’s Liberation Army
parade, claiming the system operational.?> Following the test, the U.S. quickly resurrected its
hypersonic efforts. In 2017, the U.S. conducted its first successful boost-glide hypersonic
vehicle test.?® Seven years later, however, the U.S. still does not have an operational hypersonic
weapon. Lack of a strong demand signal and the continued pursuit of industry prototype
initiatives have stalled production output. Promptly procuring a limited quantity of hypersonic
weapons would signal DOD’s intent to begin fielding these systems, allowing stakeholders to
repair the broken hypersonic ecosystem.

1. Political

Across the aisle, Congress fully supports hypersonic efforts due to the belief the U.S.
trails Russia and China.?” House members have applauded innovative efforts, such as DOD’s
Multi-Service Advanced Capability Hypersonics Test Bed and non-traditional defense
contractors working on hypersonic technologies.?® A key question from Congress is the

“operational concept” or, put simply, “how will we use” these weapons.?®

Congress also
challenges DOD’s assertion that hypersonics are strategic weapons given the lack of a strategic
warhead, i.e., nuclear.’® DOD’s response is hypersonics are a necessary layer supporting the

National Defense Strategy, which supports integrated deterrence with conventional systems as



part of a long-range strike option.! In turn, DOD plans to focus on air, land, and sea platforms
while also developing defensive capabilities, including a resilient sensor layer.*?

U.S. investment in hypersonics has increased substantially since 2019, from $1.94 billion
to $4.7 billion.® Additionally, DOD has utilized Congress’s middle tier acquisition authority to
invest quickly and build prototypes for rapid testing.3* Congress remains concerned about recent
test failures and DOD has responded by highlighting the need for testing capabilities to gain
valuable data to inform continued development efforts.®® Once the first credible U.S. hypersonic
weapon is fielded, political stakeholders will likely continue to support the hypersonic weapons
needed for the future.

2. Military

At DOD, the pursuit of hypersonics is motivated by several objectives. First, DOD aims
to provide decision-makers with effective solutions for evolving security challenges within fiscal
constraints, driving a focus on cost efficiency. Second, DOD aims to strengthen the industrial
base, enhance production capacity, and bolster supply chain resilience by providing a consistent
demand signal. Third, there is an imperative to achieve parity with peer adversaries.*® Promptly
procuring a limited quantity of a credible hypersonic weapons now would accomplish these
objectives.

Hypersonics allow DOD to present political leaders with strategic alternatives to
conventional means, such as maintaining costly and foreign garrisons, resorting to nuclear
options, or embarking on resource-intensive nation-building endeavors. Investment in
hypersonics can also efficiently bolster DOD’s deterrence posture, augment its operational
flexibility, and aid political decision makers to avoid unnecessary escalation.*’

The U.S. Air Force (USAF) is focused on leveraging hypersonics to achieve effective

A2AD penetration. In a Taiwan scenario, hypersonics could swiftly penetrate hostile airspace

9



and establish a strategic foothold, enabling follow-on operations by relatively slower systems. 38
The ability to rapidly gain access with hypersonics enhances the USAF’s ability to shape the
battlefield and project power in a contested environment.®

For the U.S. Army (USA), hypersonics advance long-range precision strike capabilities
and strengthen alliances. Hypersonic systems offer a viable alternative to deployed nuclear
weapons, allowing the USA to extend its global reach and bolster regional security architectures
without the heightened scrutiny and backlash associated with leveraging nuclear weapons.*® By
deploying hypersonics in select nations, the U.S. can reaffirm regional defense postures, foster
closer cooperation, and enhance deterrence against potential adversaries.*!

The U.S. Navy (USN) has two imperatives that drive its pursuit of hypersonics:
safeguarding the utility of carrier strike groups (CSG) and enhancing overall operational
capabilities. Hypersonic strike will extend the operational reach of CSG air wings, reducing the
need for CSGs to enter high-threat engagement areas. By integrating hypersonic systems into
their arsenals, the USN bolsters the survivability and effectiveness of its naval assets, fortifying
its deterrence posture. The USN also strategically advantages the Joint Force by deploying
hypersonics from submarines. Sub-launched hypersonics generate additional uncertainty by
threatening critical adversary targets, such as command and control nodes, otherwise protected
by A2AD systems.*?

Pursuing hypersonics across the military services allows them to individually increase
their own strategic advantages while collectively expanding adversarial uncertainty, increasing
dilemmas for adversaries to solve, and providing political leaders with flexible options to cope

with evolving situations. Furthermore, establishing hypersonic programs of record for each
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service will ensure a constant demand signal to industry, bolstering production capacity,
enhancing supply chain resilience, and guiding future development efforts.*®
3. Industry

The U.S. industrial base is currently focused on producing small quantities of hypersonic
and directed energy systems with extended lead times. This situation arises because industry
primarily manufactures a product to meet a specific DOD demand.** Compounding the problem,
DOD remains focused on RDT&E; therefore, deliveries typically consists of small quantity, one-
off designs. This approach highlights the need for a shift towards scaling production and
enhancing the speed of system deliveries.

Promptly procuring a limited quantity of hypersonics offers significant benefits to
industry. It would validate the technology and signal DOD’s intent to transition from RDT&E to
production. This shift to programs of record will also enable industry to profit and see a return
on their investment.*® Typically, RDT&E funding yields slimmer profit margins, given the
government’s preference for cost-plus pricing models.*® Due to limited profit margins, this
arrangement discourages industry from substantial internal investment. Moving towards
procurement, however, changes this dynamic, providing an incentive to invest in innovation,
enhance technology, and maintain competitiveness.

As DOD shifts to procurement, additional benefits emerge. The transition will expand
the U.S. market through sales, while allies looking to keep pace will also seek U.S. technologies,
further broadening the market. This move would also demonstrate profitability, encouraging
more firms to enter the market. The reduced risk associated with return on investment would
then make these areas more attractive for competition and innovation. Additionally, the

operational deployment of these systems will offer critical benefits to industry developers.
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Fielded systems provide an opportunity to gather real-world operational data and user feedback,
which is invaluable for refinement and enhancement.

Lastly, fielding hypersonics will generate significant profits from sustainment, which
often represents the largest share of the life cycle cost of a weapon.*’ Sustainment includes
ongoing maintenance and upgrades and ensures a steady revenue stream for industry over the
lifespan of the systems. This revenue is crucial as it supports continued investment in innovation
and maintains the health of the industrial base.

4. Allies and Partners

In response to escalating global tensions, the U.S. and its allies and partners have
prioritized the development of hypersonic and counter-hypersonic capabilities. The focus to
rapidly field a hypersonic weapon has generated increased cooperation between the U.S. and its
allies and partners, advancing individual national defense objectives, stimulating economic
growth in defense industries, and expediting regulatory reforms for streamlined technology
sharing. This collaborative effort has also bolstered a robust global deterrence posture against
adversaries. U.S. allies, including Australia, the U.K., Norway, and Japan, have demonstrated
commitment to collaboratively develop next-generation capabilities through bilateral
partnerships and multilateral agreements, such as AUKUS.*8

AUKUS members are committed to hypersonic technologies as part of their defense
strategies and have demonstrated substantial investment in domestic industries and in U.S.-based
commercial efforts. As of May 2024, an enduring impediment to technology collaboration with
Australia and the U.K. came closer to resolution as the U.S. Department of State published a
proposed rule to amend the International Traffic in Arms Regulations (ITAR) and establish an

exemption to the licensing requirement for exports, reexports, transfers, or temporary import of
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defense articles to or within Australia and the U.K., empowering defense trading, information
exchanges, and technology sharing.

Multinational cooperation pursuing hypersonic innovation produces significant U.S.
economic and technologic dividends by reducing RDT&E costs, sharing unique technology, and
creating increased demand signals. U.S. allies and partners have demonstrated a commitment
towards critical emerging technologies associated with hypersonic development and have
allocated national resources towards innovation, revitalizing their domestic industrial bases, and
investing in partnerships between their governments, industries, and academia.

For example, Australia’s 2020 Force Structure Plan earmarked A$30 billion for
hypersonic development, testing, and evaluation.>® In 2022, Australia invested another A$14
million in the Australian Hypersonic Research Precinct, fostering defense, industry, academic,
and international collaboration on hypersonic technology.® In Europe, the U.K. launched a
“Team Hypersonics” to lead developmental hypersonic efforts, which are encapsulated in the £1
billion Hypersonic Technologies and Capability Development Framework Agreement, aimed to
bolster U.K. defense capabilities and stimulate domestic technological advancements by
supporting the local high-tech industries and job creation.?

B. Challenges

The U.S. has not fielded an operational hypersonic weapon because of demand, funding,
testing, and supply-chain challenges. These challenges, however, provide opportunity. Promptly
procuring a limited quantity of hypersonics will inject new resources into these areas and begin
to repair a broken hypersonic ecosystem.

1. Operational Use
The military services have, thus far, provided an unclear demand signal for hypersonics.

In 2015, when China tested its first hypersonic glide-body, the U.S. did not have a clear need for
13



hypersonics. This lack of an immediate need created an unclear demand signal to industry.
More recently, the reasons for U.S. hypersonics are clear. First, a hypersonic capability is
needed to establish deterrence against Russia and China. Second, a low-cost hypersonic is
needed as a next-generation missile that will replace existing subsonic weapons. This next-
generation hypersonic missile will enhance current U.S. operations and strengthen the force
against enemy A2AD systems. These two needs should now translate into requirements for
existing DOD hypersonic weapon programs. Promptly procuring a limited quantity of
hypersonic weapons to establish deterrence—the first need— would benefit U.S. stakeholders
while also stimulating industry to develop the second hypersonic need—a low-cost next-
generation missile.

China is developing hypersonics at a rate five to six times faster than the U.S.>® The
reason is because China has a clear demand signal and command economy. China developed
hypersonics because they produce new challenges for U.S. short- and long-range missile defense
systems, which ultimately challenge the status of U.S. strategic missile superiority. Chinese
hypersonics also significantly increased the range of Chinese A2AD systems. The U.S., in
comparison, did not develop hypersonics because its military did not require these weapons to
defeat Chinese or Russian defense systems. Since China unveiled the DF-17 in 2019, however,
the reasons for U.S. hypersonics is now clear in both the near and far term.

First, hypersonics are required to expand U.S. deterrence. The critical capability
hypersonics add to deterrence is survivability; U.S. adversaries would be unable to shoot the
missile down. In February 2024, the DOD released a report outlining the survivability of
Lockheed Martin’s Air-Launched Rapid Response Weapon (ARRW). Multiple simulations were

conducted to assess ARRW’s survivability in a contested environment, which concluded that a
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single ARRW will complete its mission, despite A2AD missile defenses to detect and engage
ARRW in one-on-one scenarios.> The DOD noted, “[s]imulations to date indicate that ARRW
will meet its survivability requirements.”® This capability enhances deterrence because it
produces a weapon adversaries cannot defeat.

Second, while hypersonics will enhance current operational success, the critical need for
operational hypersonics is in future battles. The enhanced capabilities of speed, range, and
survivability are all needed in a next-generation missile. Additionally, the U.S. will likely need
to produce a large quantity of these weapons, which require the missile to be low-cost, a cost on
par with current tactical cruise and ballistic missiles. The U.S. should therefore expeditiously
procure a limited quantity of hypersonics to fulfill the deterrence need with a current, proven
system such as ARRW. It should then continue to develop low-cost hypersonics to build next-
generation missiles.

2. Funding

As cited, the funding required for hypersonics is significant. The USN Conventional
Prompt Strike (CPS) and the USA Long-Range Hypersonic Weapon (LRHW) have each
received over $1 billion in RDT&E and procurement funding. The USAF Hypersonic Attack
Cruise Missile (HACM) has received more than $300 million, while the USN Hypersonic Air
Launched Offensive Anti-Surface (HALO) program received $100 million. The DOD requested
$150 million in ARRW RDT&E, arguably the only proven hypersonic weapon, but Congress cut
this funding with no fight from the USAF.%®

Although robust, hypersonic funding is sporadic and spread around different services and
programs. This allocation has produced duplicity and resulted in the cancellation of proven

systems. Like demand, the services and DOD should align funding to programs to produce a

15



limited quantity of the weapons needed today while continuing to pursue the technology needed
for the future.
3. Supply Chains

Reliance on exquisite materials for thermal protection could threaten the fielding of
hypersonics, but this limitation can be overcome by minimizing the use of systems heavily
reliant on these materials.%” Carbon-carbon and ceramics, the preferred thermal protection
materials for use in hypersonic systems, boasts superior durability, oxidation resistance, strength
at elevated temperatures, and thermal shock resilience, but each have long lead times, face
manufacturing complications, and are threatened by supply chain bottlenecks. Less exquisite
materials, such as Inconel or refractory metals, are more available but offer limited resistance to
hypersonic speeds above Mach 6.

There are vulnerabilities in the supply chains of these exquisite materials.>® To mitigate
risks, DOD should prioritize materials with accessible compositions. For example, the
Hypersonic Air-breathing Weapon Concept and ARRW do not rely on large amounts of exotic
materials, instead they utilize materials such as Inconel and stainless steel derivatives, materials
more attainable and less vulnerable to supply chain disruptions. Where more exotic materials are
required, they are minimized in design, further reducing risks.®

Weapon systems relying on more-attainable materials present more-viable options. By
focusing on hypersonics in the sub-Mach 6 range, the need for exquisite and high-risk materials
is reduced, while the need for high-speed penetration and capability parity is retained. In this
lower-end range, high-stress metals can meet requirements and are available in quantity to meet
demand. By prioritizing low-end hypersonic options, DOD can expedite deployment while

reducing dependence on materials with limited availability. Sparingly fielding higher-end
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hypersonic glide vehicles (HGV) options that travel in the double-digit Mach range, like LRHW
for land-based ally support and CPS for submarines, can ease supply chain pressures by reducing
the demand for specialized materials while still bolstering credible political and military
deterrence.5!

4. Testing

Testing infrastructure is rarely a budget priority. In 2022, DOD reported a $5 billion
testing and lab deficit and created a steering group to rectify the problem, results from which are
to be determined.®? Developing hypersonic weapons requires specific, high-end testing
capabilities and the lack of hypersonic testing infrastructure is a recurring topic mentioned by
DOD officials, academics, and industry leaders.%

A 1994 National Academies of Sciences, Engineering, and Medicine report outlined that
most hypersonic test facilities were built between 1950-1960 and created to support
intercontinental ballistic missiles, the space program, and research into first-generation
hypersonic vehicles.®* It concluded that “significant deficiencies must be addressed if the United
States is going to maintain a vigorous hypersonic program into the next century.”®® However, it
was not until the late-2010s that the U.S. regained its interest in hypersonics. In comparison,
China has robust testing infrastructure and has, reportedly, conducted 20 times more hypersonic
tests than the U.S.%

Consequently, the government, academics, and the industrial sectors face three main
constraints regarding testing. The first constraint is availability. Nearly every facility suitable
for testing is booked one year or more in advance.®” Hypersonic programs also compete amongst
each other and with other high-priority DOD programs, such as missile defense and nuclear

deterrence, generating cascading delays with rescheduling.®® A second constraint is age. Older
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facilities are prone to malfunctions, decreasing availability while also lacking efficient data
acquisition capabilities. The third constraint is that the characteristics that make hypersonic
desirable also make hypersonics difficult to test. At present, flight tests can only be conducted
over the ocean, requiring sensors on boats that take weeks to emplace. This means DOD can
only conduct four to six tests per year.

Multiple initiatives are in progress to mitigate the lack of test facilities. The Principal
Director for Hypersonics within the Office of the Secretary of Defense wants “to open the
aperture to allow the national team to learn at the pace of discovery and not at a pace limited by
the availability of flight-test range windows.”®® His goal is to reach one flight test per week.
Industry and academic institutions are also developing new facilities” and Congress appears
poised to support. In a report accompanying the FY23 National Defense Authorization Act, the
Senate Armed Services Committee noted, “one of the greatest concerns of the committee is the
ability to test hypersonic systems, which requires extensive range space and sophisticated testing
capabilities.”’* Finally, the U.S. is looking at expanding its flight-testing capabilities through
ally and partner facilities.

Seven years after first testing a hypersonic glide body, DOD has yet to field an
operational system. Demand, funding, supply chain, and testing challenges all contribute to this
result. The services have delivered a weak demand signal, attempting to balance a weapon
needed for deterrence today against a weapon needed in the future. Funding has followed
demand by sporadically resourcing various programs. Exotic materials have also created
bottlenecks, hindering development. Lastly, limited and antiquated testing infrastructure has
neutered research. Addressing these challenges would expedite the fielding of a U.S. hypersonic

weapon.
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IV. Directed Energy Case Study

A. Stakeholder Interest

The new era of drone warfare, complemented by traditional missile attacks, as witnessed
in Israel, Ukraine, and the Red Sea, generate the need for more-efficient defenses. While U.S.
defensive missiles can neutralize these threats, the cost of doing so is expensive and non-
sustainable. Using a million-dollar missile to target a thousand-dollar drone is a strategically
unwise, regardless of the value of the protected asset because the offense will maintain the
economic advantage to simply procure more. This balance is offset even more as limited missile
stockpiles dwindle. Despite this, the U.S. has been slow to field cost-efficient DEWSs. Part of
the problem lies in the slow, political-military-industry relationship of moving from prototype to
operational system. The end user also lacks confidence in DEWSs and is reluctant to employ
them over proven, kinetic options. Finally, the U.S. has been slow to leverage its allies and
partners for their exponential advancements in DEWSs. Fielding available and viable DEW
systems now will stimulate industry and provide battlefield results that will bolster user
confidence. Leaning on partner capabilities in operational and testing environments will then
consolidate allied gains.

1. Political

In 2020, the House Armed Services Committee published a report focused on the future
of national defense, which identified directed energy as a cost-effective solution to an array of
threats.”> Congress has provided robust funding for DEWs since, including nearly $1 billion in
FY24. Congress, however, remains concerned about the maturity of the technology and its
utility across military missions.

DEWs were recently highlighted by General Michael Kurilla, Commander of U.S.

Central Command (CENTCOM), during testimony before the Senate Armed Services
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Committee, when he discussed the constant threat of Houthi missiles and drones in the Red
Sea.” General Kurilla indicated the USN has fielded some DEW platforms in CENTCOM, but
he “wished the Navy would send more.”’® Congress is acutely aware of the cost advantages
DEWs offer against missile and drone threats versus conventional systems,’” but DOD must still
weigh the maturity of this technology against the end user’s confidence in employing these
systems.

2. Military

DEWs represent a significant advancement in military technology.”® Beneficiaries
include the services, industry, government, and even civilian populations. Procuring DEWs will
provide military forces with a strategic advantage over potential adversaries because they have
the potential to disrupt enemy operations, degrade capabilities, and undermine confidence, all at
low cost.”

The USA and U.S. Marine Corps see benefits from DEWSs for enhanced ground-based
capabilities and the ability to engage and neutralize threats with minimal collateral damage.
DEWs could also be used for precision strikes against enemy targets, including vehicles, drones,
and even personnel. For example, The USA’s HEL Mobile Demonstrator is a directed energy
system designed to provide a mobile, ground-based defense against aerial threats, particularly
small drones and incoming mortar rounds.8°

The USN already utilizes DEWSs for ship-based defense. DEWSs offer rapid response and
precise targeting, effective against missiles, small boats, and unmanned aerial vehicles (UAV).
Another notable directed energy system in progress is the USN’s Laser Weapon System, which
is currently deployed on a limited number of naval vessels and is designed to operate using a

HEL to disable or destroy targets through precision engagement.8!
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DEWs also provide the USAF with options for aerial combat and missile defense. They
can be integrated into aircraft for air-to-air engagements or deployed as ground-based systems to
intercept incoming missiles. The USAF has been exploring DEWs for various applications,
including the Airborne Laser (ABL) program, which aimed to mount a chemical oxygen iodine
laser on a modified Boeing 747 aircraft for missile defense purposes.®? While the ABL program
was discontinued, it demonstrated the potential for intercepting and destroying ballistic missiles
during their boost phase.

Overall, DEWs offer scalability and adaptability and allow for flexible deployment in
various operational environments. They can be integrated into platforms or deploy as standalone
systems. This versatility enables military forces to respond effectively to evolving threats and
changing tactical situations. The procurement of DEWSs offers numerous benefits to military
stakeholders, including enhanced combat capabilities, cost savings, improved force protection,
and strategic advantage.

3. Industry

Similar to hypersonics, the directed energy market likewise suffers from a lack of
consistent demand signal.23 DOD allocates $1 billion annually towards developing DEWs,
encompassing HELs and HPMs.8* Despite this, and also similar to hypersonics, DOD has yet to
procure and field any significant DEW capability.

The ongoing conflicts in Ukraine and Israel highlight the need for affordable weapons
with the capacity to counter kinetic threats such as UAVs.8> DEWSs, known for their low cost per
engagement, address this crucial requirement. The industrial base for DEWs is currently limited
to producing small quantities of systems with extended lead times.® Like hypersonics, defense

companies primarily manufacture to meet DOD demand, seldom producing beyond these
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specifications or innovating independently.®” Hence, current deliveries are one-off systems. The
time is ripe for DOD to shift toward production.

Procuring limited quantities of fielded DEWSs will validate RDT&E and signal industry is
capable of transitioning to full deployment. This shift will enable industry to reap profits, which
can be turned towards further advancements in DEWSs.% Because current profit margins are
limited in RDT&E, companies are discouraged from making substantial internal investments
without a signal to scale for deployment. Moving to procurement will provide an incentive for
industry to re-invest in its own systems to advance technologies and remain competitive. A
limited procurement will further stimulate development and ensure future procurement.
Additionally, fielding a limited amount of DEWSs will expand the market. Finally, when the U.S.
fields DEWs, this will likely set the international standard, and other nations will seek to acquire
similar technologies, further expanding the U.S. market.

Transitioning to procurement will also encourage more companies to enter advanced
technical domains. Increased return on investment and reduced risk will increase the
attractiveness to compete and innovate in HEL and HPM technology. Moreover, deployed DEW
systems offer the opportunity to gather operational data and feedback, which help to refine
systems for future demands. Finally, fielding DEWSs now creates sustainment profit, usually a
large share of the life cycle cost of a weapon system, by guaranteeing consistent revenue for
industry over time.8 Consistent long-term revenue is an industry requirement because it benefits
the innovation and health of the industrial base.

4. Allies and Partners
DOD’s investment in directed energy benefits the U.S. and its allies and partners by

bolstering regional stability and enabling superior integrated defense systems.*® AUKUS
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members, and U.S. partners like Israel and Japan,® are driving DEW development in
complementary technology areas. Moreover, these allies and partners benefit from direct U.S.
investment in domestic DEW programs and capabilities as DOD actively funds international
HEL and HPM technology.®> DEWs significantly improve operational flexibility and integrated
defense against global threats while enhancing the effectiveness of existing missile defense
systems and increasing interoperability in a robust collective security architecture.®®

For example, Australia’s strategic investment in DEWs is evident in its 2020 Force
Structure Plan, as the Australian Defense Force has actively incorporated DEW systems into its
military strategy, focusing on regional stability and deterrence capabilities, while conducting
joint exercises with U.S. forces to increase interoperability.®* To develop emerging technologies
like DEWs, the Australian government pledged A$3.4 billion over the next decade to establish
the Advanced Strategic Capabilities Accelerator. These funds provide an additional A$591
million above planned defense innovation spending.®®

In Europe, the U.K. Ministry of Defence (MOD) is following a three-year “Transition
Phase” program in anticipation of a pivot to operationalize DEWSs within the next decade for air
defense and counter-UAV applications. User experiments are planned for 2024, supported by
collaboration with DOD. During a trial at the MOD Hebrides Range, the Defence Science and
Technology Laboratory test fired DragonFire, which became the first U.K. high-powered laser to
successfully strike an aerial target. °® Its reported accuracy is described as striking a £1 coin one
kilometer away. Enhancing bilateral collaboration on DEW technologies, such as radio
frequency systems for air defense and counter-unmanned aerial system applications, signals

U.K.’s commitment to advanced defense capabilities.®’
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DEW development and deployment also present significant economic advantages for the
U.S. and its allies and partners.® Collaboration stimulates domestic industries’ innovation,
creating jobs and economic growth. DEWS’ cost-effectiveness, compared to traditional
munitions, also offers the potential for long-term defense budget savings. Partnerships like
AUKUS promote technological sovereignty, bolster local industrial capabilities, and reduce
reliance on imported systems.® With the 2024 amendments to ITAR, the prospect of an added
ease of trading, technology sharing, and export options should bolster the economic activity
between the U.S. and AUKUS members. %

B. Challenges

DEWs are an emerging technology that creates unique challenges. New supply chains
and production capabilities must be created. To field them, funding and contracts must address
RDT&E, procurement, and sustainment.

1. Operational Use

Without operational experience, DOD cannot determine how DEWSs will be integrated
into layered defense. DOD needs clearly articulated strategic goals for DEWSs to ensure these
systems can be produced and integrated into its strategic framework.%* Failing to field available
systems that demonstrate a minimally viable capability, however, is a missed opportunity to
determine strategy. Industry is interested in the operational use of their systems to verify their
effectiveness, help determine how they should be integrated, and identify the required volume of
systems.%? To reduce costs, DEWs should be deployed and the systems must be reliable. If not,
DOD will face continued challenges with testing restrictions and without operational feedback.

DEWs will reduce the cost per engagement, and once the initial investment in DEW
infrastructure is made, the operational cost per shot is relatively low.2% Also, DEWs’ ability to

intercept and neutralize incoming projectiles reduces the risk of casualties and damage to
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military assets, thereby increasing survivability on the battlefield. DEWSs offer unparalleled
precision in targeting enemy assets as well. Unlike conventional weapons, which rely on
physical projectiles or explosives, DEWs deliver energy at the speed of light with pinpoint
accuracy.%4

While the initial investment in DEWSs may be significant, the operational costs are
relatively low compared to the ongoing expenses associated with purchasing, transporting, and
maintaining conventional ammunition.’®® DEWs, however, require significant power generation
and cooling systems to operate effectively. Generating and sustaining high energy levels can
strain existing power infrastructure and necessitate the development of specialized power
sources. Additionally, managing thermal loads and dissipating excess heat generated by DEWSs
is essential to prevent overheating and ensure continuous operation. %

Overall, even as the operational use of DEWSs offers numerous benefits, DEW technology
is still in the early stages of development and may not be mature or reliable enough for
widespread deployment. Achieving technological maturity requires continued investment in
RDT&E to address performance limitations and ensure operational readiness.'®” Additionally,
integrating DEWSs into existing military platforms and command and control systems poses
technical challenges that must be overcome to maximize their effectiveness in combat.
Addressing these challenges requires a coordinated effort involving RDT&E and strategic
planning to leverage the full potential of DEWSs in modern warfare.

2. Funding

Contracting practices do not support the rapid development and fielding of DEWSs. For
HELSs, the company nLight emphasizes its modular and scalable Coherent Beam Combined
architecture.® For HPMs, the company Epirus demonstrates scalability through its Line

Replaceable Amplifier Modules (LRAM) and open Application Program Interface for easy
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integration with other systems.'®® According to multiple field study respondents, the challenge is
that government contracting and development protocols do not emphasize production, opting
towards single-unit prototype milestones that may or may not be scalable.

If DEWs are developed with an open architecture, allies’ interest in U.S. manufactured
systems is likely to increase. They could be upgraded or maintained based on open architecture
standards for standard components like LRAMSs, easily integrated, replaced, or upgraded in a
variety of configurations, where additional LRAMs allow for higher-power systems. Figure 411

shows the flexibility allowed

through the Epirus scalable
architecture. Without a

common architecture, allies

and partners may pursue — W o

independent development,

compete for resources, and

face increasing integration and [Figure 4: Epirus Scalable Architecture Based on Common LRAM)]
support challenges.

Inconsistent funding and direction for DEWs also prevent industry from building a
production base. In light of global events, DOD officials desire to deploy DEWs rapidly.!'?
Despite this urgency, DOD’s focus is to continue pursuing larger, more powerful systems over
deploying existing capabilities.!*® Industry believes production ready systems exist now that
could be deployed to active theaters like Ukraine and Israel. Operational use on a current

battlefield would inform future upgrades, establish a true demand signal, and increase user

confidence.!*
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3. Supply Chains

HELs and HPMs are complex systems with several key components and Chinese-linked
supply chain risks.!*® HELSs rely on germanium, gallium, erbium, and other elements from
markets primarily controlled by China.'*® Other components, like high-purity silica used in
optical fibers for fiber lasers, face single-source supplier challenges.'’ Batteries used in DEWs
are also primarily sourced from different nations and are in demand globally. Figure 5 provides
an overview of the global distribution of critical materials used in DEWSs, including their source
country and a heat map of the supply’s relative vulnerability.**® Nearly all are vulnerable.
DEWs face additional supply chain threats for key components like advanced optics. The
overall supplier market for advanced optics is broader due to non-military uses. However, based
on industry study site visits, optical suppliers for large beam directors for high-energy systems
are limited.

In field study meetings =
with DEW producers, both for -
HEL and HPM systems,
producers expressed frustration at ..

maintaining production lines

without a consistent demand

[Figure 5: Critical Materials in DEWSs]

signal from the government. In

cases where supplier options exist to service commercial products, they stated that the market
capability remains, but suppliers are likely to pursue more consistent commercial demand. In
cases where the market is limited to the military, like with very large beam directors for high-

power systems, suppliers may divest from the market.
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4. Testing

Test-driven development drives the ability to quickly develop, produce, and deploy new
technology like emerging hardware systems.!!® DEW manufacturers like Epirus and others use
agile techniques to design and upgrade systems rapidly.1?® However, multiple manufacturers
remarked that government practices should focus more on testing. They felt the government
displays very low test-risk tolerance, preventing rapid product improvements.

While not engaged in DEW development, the Space X philosophy of “test, fail, fix,
repeat” displays what agile hardware development companies strive for to quickly develop and
deliver new capabilities.'?* The Space X approach is not possible with low-risk tolerance and a
focus on infrequent, significant pass-fail testing. Producers face further challenges for directed
energy systems with limited range availability and Federal Aviation Administration approval
restrictions on atmospheric system tests.??

V. Adapting to New Realities

Over the span of six months, the Weapons Industry Seminar conducted comprehensive
engagements with key leaders and stakeholders across the hypersonic and DEW enterprises. In
parallel, the Seminar undertook extensive open-source research to enhance their collective
understanding and knowledge of the environments surrounding these emerging technologies.
Although limited to an unclassified setting, key findings and trends surfaced from nearly all
stakeholders.

Emerging technologies continuously transform the character of war, with hypersonics
and DEWs at the forefront of this current evolution. Peer adversaries have developed and fielded
hypersonic capabilities, posing significant challenges to the U.S.’s technological supremacy in

current and future conflicts. Furthermore, the ongoing conflicts in Ukraine and Israel highlight
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the economic strains involved when low-cost, weaponized UAVs are countered using expensive
kinetic interceptors.

The U.S. is adapting to these changes within the hypersonic and DEW domains. As it
aggressively pursues advancements in these high-cost technologies, several challenges continue
to hinder serious progress. Concerns regarding affordability and the operational necessity of
these technologies often arise as counterarguments. Additionally, the U.S. is extensively
engaged in RDT&E activities, yet faces hurdles in moving to large-scale production. These
obstacles—including an unclear demand signal, inadequate testing infrastructure,
underdeveloped supply chains, inconsistent funding, and underutilized allies and partners—
hinders the transition from experiment to production. To overcome these challenges, DOD
should implement the following recommendations.

A. Create Central Authorities for Hypersonic Development

To effectively determine the operational needs for hypersonics, DOD should establish a
formal Joint Hypersonics Office (JHO). This office would serve as the central authority
overseeing all hypersonic performance requirements, ensuring strategic alignment across the
services and with Congress, and establish joint doctrine and training. Our research and
interaction with the hypersonic community indicates an ad hoc pursuit across the services and
within DOD. In comparison, a centralized approach to hypersonic technology will synchronize
and integrate capabilities and objectives while avoiding redundancy and duplicity.

Once established, the JHO should first conduct an operational analysis to assess the
necessity of hypersonics in current and future threat scenarios. As part of this analysis, it should
evaluate the performance requirements and quantities necessary to deter, and if needed defeat,

current and future threats. A cost-efficiency analysis should also establish the optimal balance
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between hypersonic munitions and existing stockpiles. This analysis will maximize the “cost to
defeat” value, ensuring the most economically and strategically effective deployment of
resources.

Upon completion of the operational assessment, the JHO should then establish
performance requirements and quantities for a near-term capability to be fielded to address the
current threat scenario. It must then develop a long-term capability strategy focused on future
advancements in the hypersonic domain based on future threat scenarios. Organizing hypersonic
efforts into a central, joint office with responsibilities over the entire hypersonic program will
ensure efficiencies and align efforts to generate and promptly field an operational hypersonic
weapon.

Next, and to optimize the development of hypersonic technologies, the DOD should
establish a formal Joint Hypersonic Acquisition Authority (JHAA). This office would serve as
the central authority overseeing all hypersonic development and production efforts, actively
managing resources to maximize value while synchronizing and deconflicting ongoing efforts.
Based on the JHO’s defined near-term capability, the JHAA should first thoroughly review
ongoing development programs in both the U.S. and its allies and partners. This evaluation will
determine whether these efforts align with and fulfill the current operational requirements. The
findings from this assessment will inform strategic decisions later, either advancing programs
towards production or adjusting development strategies to better meet near-term needs.

The DOD should also task the JHAA with formulating a comprehensive research and
development plan. This plan will support and advance the strategic objectives laid out by the
JHO, ensuring that development efforts are systematically aligned with the overarching goals for

hypersonic technology advancement. The JHAA should then perform a comprehensive supply
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chain assessment. This evaluation will determine the current status of the supply chain and
identify areas where investments are necessary to support both immediate and future objectives.
This assessment will ensure supply chain developments are effectively aligned with the
overarching goals of the hypersonic programs. Finally, DOD should task the JHAA to
comprehensively evaluate the existing testing infrastructure. This assessment will determine the
adequacy of current facilities and serve as the foundational step in developing a targeted
investment strategy to enhance and expand testing. This strategy will ensure that the
infrastructure fully supports the evolving needs of hypersonic development and deployment.

Creating central authorities for hypersonic development will solve multiple challenges
identified by stakeholders and from independent research and evaluation. First, joint efforts can
synchronize messaging to industry, the most-common challenge recorded from industry partners.
This will ensure consistent and clear communication with industry partners to align their
investment and production efforts with DOD’s strategic needs and timelines.

It would also enhance information sharing and facilitate information exchange to prevent
information silos, while ensuring all program offices and research facilities are aware of ongoing
efforts, technological advancements, and strategic insights. Central authorities will also
eliminate redundancies. Joint offices can actively identify and eliminate overlapping efforts
across different projects, streamlining resources and focusing on unique, value-adding activities.
These recommendations will optimize cost efficiency and integrate cost saving measures in the
design and development phases, focusing on long-term sustainment and affordability to reduce
the total lifecycle costs of hypersonic technologies.

Finally, central authorities can coordinate test resource utilization and coordinate across

allies and partners for interoperability. Testing availability was an often-cited concern from
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developers. A central office could develop a comprehensive scheduling and resource allocation
system to deconflict the use of critical test facilities and resources, enhancing the efficiency of
development timelines and reducing bottlenecks. This centralized approach will also talk with
allies and partners in one voice. During the development phase, a centralized approach will
prioritize design elements that enhance exportability and leverage allies’ and partners’ research
and production capabilities. This approach will also facilitate smoother integration and broader
use of the developed technologies across international lines, ensuring that our systems are
adaptable and compatible with those of our allies and partners

B. Prioritize Directed Energy Partners

Within directed energy, DOD should prioritize collaboration with allies and partners to
optimize the development, testing, and coalition fielding of DEWSs. This approach will leverage
mature DEW technologies available from allies and partners, streamlining the DOD’s $1 billion
annual DEW spending and accelerate the transition from prototyping to operational systems. 123
Additionally, collaborating expands testing opportunities, aiding U.S. industries in refining DEW
systems for deployment. Ultimately, acquiring or co-developing DEW technologies bolsters
U.S. capabilities, ensures technological interoperability, and resulting in a more cohesive, robust
multinational defense posture.

There are multiple steps DOD can make with its allies and partners to operationally field
DEWs. First, to ensure the long-term interoperability, compatibility, and sustainment of DEWs,
DOD should spearhead the development of a comprehensive modular open system approach
(MOSA) framework in close collaboration with multinational stakeholders. Strategic alliances
with multinational security entities such as AUKUS or the North Atlantic Treaty Organization

(NATO), and trusted allies like Israel and Japan, are essential for advancing MOSA principles.
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By establishing universally-accepted software standards and stringent cybersecurity protocols for
component development, DOD will gain the flexibility to integrate both mature and emerging
technologies. This approach fosters a scalable and adaptable DEW architecture that can evolve
alongside the operational needs of the U.S. military and allied forces.!?

The ability to develop DEWSs through a MOSA framework is the technological backbone,
ensuring these diverse systems work seamlessly together for maximum effectiveness.’? A
comprehensive security approach is likewise crucial. For consideration, the U.K.’s 2023 “Five-
Pillar Model” called for deterrence, active defense, and passive measures through jointly
identifying key vulnerabilities, uniting the sector to benefit from shared national resources and
expertise, and integrating security measures into the framework of emerging technologies to
prevent cyber-attacks.’?® A MOSA framework would ensure DEW systems avoid being locked
into obsolete technologies or proprietary interfaces. This flexibility allows for seamless updates
and upgrades, ensuring long-term system viability and adaptability to evolving threats.

Second, and to bolster near-term defense capabilities and enhance vital defense
partnerships, DOD should strategically assess the acquisition of mature foreign DEW
technologies like Israel’s Iron Beam or U.K.’s DragonFire. Developed in partnership between
the Israeli defense firm Rafael and Lockheed Martin, with a $1.2 billion U.S. investment and an
expected 2025 initial operating capability (I0C), the Iron Beam 100-kilowatt system presents an
opportunity to pursue an accelerated technology transfer, collaborating to create interoperability
and supplement ongoing U.S. DEW development programs such as the Indirect Fire Protection
Capability-High Energy Laser.*?’

Third, to streamline DEW development, the DOD should establish a formal testing

partnership with Australia, utilizing the less restrictive environment of the Klondyke Range
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Complex. This partnership would address the limitation of domestic testing regulations and offer
dedicated facilities for high-power laser systems. The Klondyke Range Complex houses high-
power laser research and development labs, sensors capable of operating and analyzing high-
power lasers, advanced fabrication equipment, and additive and subtractive manufacturing
capabilities. 12 While the cost of moving DEW systems to Australia for testing is high, an
Emerging Technology Institute report determined the benefits of less restrictive testing windows
outweigh these expenses.'?® At least 31 directed-energy initiatives are underway across the U.S.
military. The Klondyke Range Complex would provide the infrastructure and expertise
necessary for expanded and rapid DEW testing, directly benefiting ongoing DOD DEW
programs such as High Energy Laser with Integrated Optical-dazzler and Surveillance, Leonidas,
High-Energy Laser Weapon System, and other systems.1%

Finally, the ongoing conflict in Ukraine presents a unique opportunity for the U.S. and its
partners to accelerate the development and fielding of next-generation DEW technologies. The
U.S. and U.K. should quickly deploy operationally-ready HEL and HPM systems like Directed
Energy Maneuver Short-Range Air Defense (DE M-SHORAD) and DragonFire for rigorous
testing and validation against real-world threats. This combat-derived data will then inform
rapid system refinement, bolster warfighter confidence in DEW capabilities, and generate a
robust demand signal.'3! The USA’s February 2024 deployment of four M-SHORADs in
CENTCOM, and NATO allies imploring the U.K. to deploy its DragonFire system to Ukraine,
indicate the time is ready to deploy DEW systems to active combat zones as part of the RDT&E
process, underscoring these systems’ immediate value and potential.**?

V1. Conclusion

Hypersonics and directed energy, two critical technologies vital to national defense, are

changing the current character of war. Some even argue these emerging capabilities, when
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coupled with additional technologies such as autonomous systems and artificial intelligence, may
change the very nature of war. The confluence of these systems is creating a future battlefield
that will be void of humans, where reaction to autonomous systems operating in swarm and at
hypersonic speed is only recognized and defeated by operating on a decision cycle faster than
human understanding.

Since victory in the Second World War and its rapid rise to global hegemon, the U.S. has
faced few peers and led the world in innovating, procuring, and manufacturing advanced
weaponry. The strategic environment, however, has changed and the U.S. no longer leads the
world in certain technological domains. Peer adversaries with their command economies now
challenge U.S. technology and power, but it is not American intellect or ingenuity that lags its
rivals; it is American bureaucracy with its ongoing tendencies for risk-aversion and perfection
seeking during RDT&E followed by a less-than-informed procurement strategy.

The future, though, is bright. U.S. industry, DOD, and Congress all recognize these
current challenges and the changing landscape and have devoted significant efforts and funding
to field these systems. But to fully embrace and quickly field these emerging technologies that
are crucial for future competition and containment, the U.S. must act differently. It must identify
required capabilities for the current and future operating environment and embark on a risk-
tolerant development and test strategy. The U.S. should also centralize control over the
development and procurement of hypersonics at the DOD-level, streamlining performance
requirements and ensuring strategic alignment across the services and with Congress while
establishing joint doctrine and training to address current and future operational needs. This
centralized office would also manage resources to maximize value while synchronizing and

deconflicting ongoing efforts.
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Additionally, the U.S. will not fight in the future alone, and any future conflict will be
heavily dependent on U.S. allies and partners. Within the DEW market, the U.S. should embrace
and rely upon these partnerships, prioritizing collaboration and optimizing the development,
testing, and coalition fielding of DEWSs. Partner DEW systems exist, are successful, and offer
the U.S. a unique opportunity to benefit from partner efforts and investments.

The future battlefield exists today and emerging technologies such as hypersonics and
directed energy will provide the U.S. the capabilities needed to respond in competition and
containment. Adversaries may lead in some areas now, but U.S. opportunities exist.
Streamlining internal actions while intensely coordinating with allies and partners offers the U.S.
solutions to maximize these systems and put forth a Joint Force able to guarantee U.S. national

security objectives.
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APPENDIX A
Norway and Japan Benefit Perspective

While not formally included in AUKUS, Norway and Japan are actively pursuing
hypersonic and counter-hypersonic technologies. Norway’s 2024 Long-Term Defense Plan will
double its defense budget over the next 12 years with a $60 billion investment focusing on short-
range ballistic missile defense and allied capability enhancement.*** By acquiring counter-
hypersonic capabilities, Norway could contribute to NATO’s deterrence posture, particularly in
the North Atlantic and Arctic regions.'3*

Norway’s strategic emphasis on integrating hypersonic technologies has enhanced testing
and evaluation capabilities, notably by adapting sites like Andgya and Bardufoss. Norway seeks
to be an attractive partner for international collaboration to drive growth in its defense and
technology industries.’®® Key domestic stakeholders supporting this trajectory include
Nammo, a leader in ramjet propulsion development, and Kongsberg, a contributor to advanced
missile technologies.

Japan, through its 2023 security documents, formalized its commitment to Indo-Pacific
security by developing hypersonics primarily in defense of its sovereignty, often collaborating
with the U.S. on relevant projects to counteract regional threats.'® Japan’s investment in these
technologies, including the development of HGVs and scramjet-powered missiles, have been
featured in DOD-Japan collaborations such as the Glide Phase Interceptor and the advanced
interceptor missile project Standard Missile-3 Block I1A. Japan is also partnering with the
Missile Defense Agency for the Hypersonic and Ballistic Tracking Space Sensor prototyping
program. ¥’

Japan strategically invests in hypersonic technologies to bolster its defense against

regional threats and drive technological innovation. This investment stimulates growth in
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advanced materials and aerospace industries, enhancing Japan’s industrial base and
strengthening its position in the global supply chain for advanced defense technologies. Key
players include Mitsubishi Heavy Industries (hypersonic propulsion and missiles), IHI
Corporation (aerospace and propulsion expertise), and the Japan Aerospace Exploration Agency

(hypersonic flight dynamics and heat resistance research).'®
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APPENDIX B
Japan and Israel Benefit Perspective

1. Bilateral Political and Operational Benefits

In the 2023 Japan Defense Technology Strategy (JDTS), the Japanese Ministry of
Defense indicated a desire for HEL capable of instantaneous and persistent engagement against
saturation attacks, especially by cruise missiles. The JDTS also called for a system capable of
emitting an electromagnetic pulse, to attack enemies at the speed of light and with unlimited
ammunition.!®® Japan’s collaboration with the U.S. HPM systems, supported by security
agreements, advances its counter-drone DEW capabilities.!*® Companies like Mitsubishi (100-
kilowatt system) and Kawasaki (10-kilowatt system), drive Japan’s DEW progress, with
successful drone-countering laser tests.’*! These efforts highlight Japan’s response to regional
security concerns from North Korea and China and its commitment to enhancing self-defense
capabilities. Japan’s DEW integration into alliances like AUKUS would boost operational
capabilities and interoperability, strengthening collective military preparedness against shared
threats.

Israel’s integration of DEW systems, such as Iron Beam, demonstrate its strategic
emphasis on countering missile and drone threats from an active defense posture. Israel derives
many benefits from the U.S., as the U.S.-Israel Directed Energy Cooperation Act (DECA),
embedded in the FY21 National Defense Authorization Act (NDAA), solidifies bilateral
collaboration, enhancing joint development and deploying DEWSs.1#2 DECA facilitates joint
development, testing, and deployment of DEWs to tackle mutual security threats. The U.S. has
pledged $1.2 billion toward the procurement of Israel’s Iron Beam, capable of defeating UAVS,
mortars, and rockets and engaging multiple targets from several kilometers away. Successfully

tested in 2022, the Lockheed Martin and Rafael-designed system is expected to be fielded by the
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Israel Defense Forces by 2025. The FY23 NDAA extends U.S.-Israel collaboration on anti-
drone DEW technologies, increasing funding and extending the program through 2026, raising
the cap on annual U.S. contributions to the program from $25 to $40 million. 4
2. Japan and Israel Economic Benefits

Japan and the U.S. have established a Memorandum of Understanding for Research,
Development, Test, and Evaluation Projects for emerging defense technologies, including HPM
systems.*** Japan’s investment in counter-drone DEWSs, supported by U.S. collaboration, fuels
domestic innovation in electronics and materials science, strengthening its defense
industry, creating high-tech jobs, and contributing to overall economic growth. Japan’s supply
of critical components, such as neodymium, makes it a vital partner in the global DEW supply
chain. This mutually beneficial relationship mitigates supply risks while enhancing Japan’s
position as a technological leader, furthering its defense autonomy. Japanese companies like
Mitsubishi and Kawasaki demonstrate the nation’s DEW capabilities with adaptable counter-
drone laser systems.4°

Israel’s DEW collaboration with the U.S., solidified by the DECA, has catalyzed its
defense industry’s innovation and growth.'*® The Iron Beam system exemplifies this strategic
partnership’s operational and economic benefits. Rafael Advanced Defense Systems’
development of the Iron Beam underscores Israel’s commitment to technologically advanced,
cost-effective defense solutions. This system bolsters Israel’s multi-layered defense against
short-range threats. Increased U.S. investment in Israeli DEWSs will drive economic growth,
fosters high-tech industries, and secures a robust supply chain critical for both nations’ defense

strategies.*¥’
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