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Briefing Highlights

The adverse cost-exchange ratio
between expensive interceptors and
cheap and abundant ballistic missiles
offers a path forward for adversaries
who seek to deter U.S. intervention
in various regions and conflicts.

L N )
There are many varieties of kinetic
weapons that deposit energy on tar-
gets. However, none of them provide
the cost-effective capabilities needed
to defeat mass raids that could in-
volve scores or hundreds of incom-
ing ballistic missiles and multiple
warheads. Directing energy weap-
ons, specifically high-energy lasers
(HEL), offer the most promising
solution.

L N )
The military applications include
using HEL to destroy incoming
rockets, artillery, and mortars in
flight, defeating unmanned aircraft,
disabling or destroying swarms of
small-high speed naval combatants,
intercepting tactical cruise and short-
range ballistic missiles, and other tac-
tical missions.

L N )
The MDA is focusing on the develop-
ment of two alternative types of lasers
for potential missile defense applica-
tions: coherent fiber lasers (CFL) and
Diode Pumped Alkali Laser System
(DPALS). The underlying question is
whether these systems can be engi-
neered to produce an integrated laser
weapon system with the desired ratio
of system weight to power output.

L N )
The more efficient the laser, the more
energy storage capacity can be built
into the system, and hence the more
shots available before the energy
storage system needs to be recharged.
The MDA has established a goal of 2
kg/KW in a deployed (“packaged”)
configuration.

For decades, ballistic missile defense (BMD) has been among the most
controversial dimensions of national defense. Since the termination of
the 1972 Anti-Ballistic Missile Treaty in 2002, the extensive proliferation of
ballistic missiles on the world stage has prompted the gradual emergence
of an international consensus supporting the acquisition of ballistic missile
defense capabilities." The proliferation of ballistic missiles is abetted by
the present, low cost of creating a formidable offensive ballistic missile
capability—a feature which has provided aspiring weapons states with
new opportunities to acquire strategic capabilities. North Korea’s SCUD-C
ballistic missile, a homegrown enhancement of the German V-2 missile
derived SCUD series, can deliver a 500-kg payload some 550 kilometers, and
is estimated to cost just $3 million each to produce.” The underlying SCUD
technology has formed the basis for the development of derived missiles for
Iran, North Korea, and Pakistan at all ranges from short range (less than 500
kilometers) to intercontinental systems.

The low cost of SCUD-derived ballistic missiles creates a difficult set of
circumstances for the defender. The most attractive strategy for an attacker
to is to impose costs upon the defender. The profound cost advantage to
the attacker (for example, an interceptor for the U.S. Ground-Based Missile
Defense System costs approximately $70 million per unit) makes magazine
exhaustion an attractive — and likely - tactic. Faced with the future prospect
of adversaries armed with large numbers of ballistic missiles, especially in
volatile regions in the Central and Eastern Europe, the Middle East, and East
Asia, the United States needs to invert the BMD “cost equation,” and make
it less costly to defend against ballistic missiles than to use them to attack.’

INVERTING THE BMD “Cost EQUATION”

Further, extensive ballistic missile proliferation appears likely to be a
characteristic of the 21* Century. The adverse cost-exchange ratio between
expensive interceptors and cheap and abundant ballistic missiles offers a
path forward for adversaries who seek to deter U.S. intervention in various
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regions and conflicts. The employment of America’s
formidable combined arms operations is infeasible
against adversaries such as Iran and North Korea,
making the acquisition of nuclear armed long-range
ballistic missiles attractive for those actors. To mitigate
or overcome these circumstances, the US. needs
advanced technology that will have:

o a deep magazine, so as to defeat mass raids by
adversary ballistic missiles with a favorable cost-
exchange ratio;

o ashortflighttime, in order to permit the interception
of incoming ballistic missiles at great range;

» ahigh single-shot kill probability (SSP,) against
adversary ballistic missile re-entry vehicles;

o low size, weight, and power (SWaP), so as to permit
being carried by high altitude-long-endurance
(HALE) unmanned aircraft; and

o a capacity to be integrated into existing maritime
and terrestrial BMD battle management, sensor,
and interceptor architecture.

There are many varieties of kinetic weapons that deposit
energy on targets. However, none of them provide the
cost-effective capabilities needed to defeat mass raids
that could involve scores or hundreds of incoming
ballistic missiles and multiple warheads. As a result,
other means of directing energy to the target have been
sought for decades. To date, the most promising of these
is high energy lasers.

WHAT 1S A LASER?

A laser deposits energy on a target by directing an
extremely powerfulandintense coherentbeam ofelectro-
magnetic radiation. This energy travels at the speed of
light,* and is characterized by a unique frequency or
range of frequencies, the active laser medium, and the
energy level employed. Lasers have the highest degree
of coherence of all light sources—a crucial quality for
military applications. It is the coherence of laser beams
that produces the militarily useful properties of:

+ intense “brightness” — the luminous power per unit
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area;
 directionality;

 asingle wavelength, and

o ahigh degree of polarization

The development of high energy laser (HEL) systems,
particularly for BMD applications, has been a long-
standing R&D effort in the Department of Defense.
Perhaps the best known (and most successful, in
scientific terms) was the Airborne Laser Test Bed.
This program employed a chemical-based lasing
medium to produce a megawatt class laser system
(COIL: “Chemical-oxygen-iodine laser”). The system
demonstrated that a HEL could destroy a target at great
range, but the developmental system was not a practical
military system. It was installed in a B747 aircraft, had
limited magazine depth (~20 shots) and could not fly at
a high altitude. Nevertheless, the notion that HEL could
be employed in BMD applications in a suitable airborne
platform was successfully demonstrated.’

Advanced lasers have numerous military applications
for non-BMD missions, from target designation to
target destruction. The DoD spends approximately $300
million on applications supporting the needs of the
Military Departments. These programs are funded by
both the Military Departments themselves, and by the
Defense Advanced Research Projects Agency (DARPA).
The military applications include using HEL to destroy
incoming rockets, artillery, and mortars in flight,
defeating unmanned aircraft, disabling or destroying
swarms of small-high speed naval combatants,
intercepting tactical cruise and short-range ballistic
missiles, and other tactical missions. The specific
application of HEL to the strategic BMD mission,
however, is funded only by the Missile Defense Agency.
At current planned funding levels, the MDA envisions a
2025 time-frame “to integrate a compact, efficient, high
power laser into a high altitude, long endurance aircraft
capable of carrying that laser and destroying targets in
the boost phase.®
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Figure 1
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Source: Briefing of VADM James Syring, Director, US Missile Defense
Agency, to the “Defense Summit”, 23 June 2016

TyPES oF HEL FOR BMD APPLICATIONS

The U.S. Missile Defense Agency has funded two major
programs specifically aimed at the strategic ballistic
missile defense mission. The strategic mission differs
from tactical missions because of the need to engage
incoming warheads at great distances—several hundred
kilometers or more—in order to reduce the number of
incoming warheads to a manageable level that can be
engaged by other terrestrial and maritime components
of the larger national missile defense system. Moreover,
to avoid atmospheric attenuation, the strategic HEL
systems need to operate above the atmosphere—an
altitude of 65 thousand feet or more. The successful
intercept of a target by the B747-based Airborne
Laser took place at a lower altitude, but an operational
system is likely to be unmanned and will exploit the

technologies of autonomy to provide a highly effective
persistent defense against ballistic missile attack.”

The range/altitude and HEL power needed to support
the strategic ballistic missile defense mission are
illustrated in a notional graphic presented by MDA
Director Vice Adm. James Syring to the “Directed
Energy Summit,” a defense industry conference, in
June 2016 [Figure 1]. The chemical-energy laser used
in the B747-based airborne laser test bed produced
HEL power in the megawatt class. However, due to the
relatively low altitude from which it fired the laser, the
laser energy that destroyed the target was subject to
atmospheric attenuation that limited the range of the
system. Several other HEL experiments conducted by
each of the Military Departments lacked the power and
range to be effective against ballistic missiles launched
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Figure 2

Compact Efficient Lasers

o FCL
ABL ! ﬁ Example
=55 kg/kW |

— FCL (Lab)
E \ ~40 kgfkW EWeR Size Welght and Power
E OPAL — Doz Pumped AlKall Lagsr
2 DPALS (Lab) FCL - Fiber Combined Laser
—_ ~35 Kg/kW
)
=
D
o
=
i
> : FCL
5 1 {Packaged) DPALS

- 5 kgﬂcw {Packaged} MDA Goal

I 3 Kg/KWY od

- — 2 kglkW

Time Now —_— &

Time (years)

Source: Briefing of VADM James Syring Director . US Missile
Defense Agency, to the “Defense Summit”, 23 June 2016

at intercontinental ranges, even though they are likely
to be very useful in other military applications.

The MDA is focusing on the development of two
alternative types of lasers for potential missile defense
applications: coherent fiber lasers (CFL) and Diode
Pumped Alkali Laser System (DPALS). CFL is being
developed by the Lincoln Laboratory, and employs laser
energy that is transmitted through many optical fibers
like those used in the modern civil telecommunications
industry. The laser energy delivered through these
optical fibers is coherently combined to produce a
single high-powered laser beam that can be directed to
the target.?

A second type of laser, DPALS, is being developed by the
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Lawrence Livermore National Laboratory. °* The DPALS
approach is a gas-based (Rubidium) laser that is based
ondirect electrical discharge for energizing (“pumping”)
the lasing medium. Figure 2 (also presented by MDA
Director Syring in June 2016) summarizes the progress
being made toward creating compact and efficient
laser that will contribute to the DoD’s ability to field
a practical system in a high altitude unmanned aerial
vehicle. The airborne laser test bed in 2010 achieved 55
kg/KW.

Both the coherent fiber and DPALS approach seem
likely to be able to produce high powered lasers. Recent
DPALS experiments have “retired the physics risk” in
scaling the laser to the high power level required for
BMD. FCL is likely to achieve greater than 500-kw



DIRECTED ENERGY WEAPONS

power, and DPALS in excess of one megawatt, though
the two programs operate at different wavelengths.
This makes the DPALS laser approximately 40 percent
more intense than the FCL. The underlying question is
whether these systems can be engineered to produce an
integrated laser weapon system with the desired ratio of
system weight to power output.

A complete weapon system includes an energy
storage and recharging system sufficient to provide an
operationally relevant number of shots over a period
of time sufficient to successfully engage massed missile
raids. The more efficient the laser, the more energy
storage capacity can be built into the system, and hence
the more shots available before the energy storage system
needs to be recharged. The MDA has established a goal
of 2 kg/KW in a deployed (“packaged”) configuration.

A KEY PRIORITY

The development of HEL systems suitable for strategic
BMD applications is funding, rather than “idea
limited. However, the risks associated with the foreign
nuclear weapons and long-range missile threat has
grown more rapidly in the past five years than the U.S.
government has anticipated. While immediate risks
need to be mitigated and deterred by currently available
capabilities, sustaining deterrence will be best served in
the years ahead by pressing ahead more rapidly to create
a modern directed energy system that can deal with the
scale of threat that will emerge over the next decade.
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About The Defense Technology Program

A revolution is taking place in the nature of warfare. The proliferation of ballistic missiles and weapons of mass
destruction has given rogue states and terrorist groups unprecedented access to potentially devastating capabil-
ities, while space and cyberspace have emerged as distinct new arenas of strategic competition. The American
Foreign Policy Council’s (AFPC) work in these areas is aimed at helping U.S. offcials understand and respond
to this new, and increasingly complex, threat environment.

For more information about the program, please contact Richard Harrison, Director of Operations and

Defense Technology Programs at Harrison@afpc.org.

About AFPC

For over three decades, AFPC has played an essential role in the U.S. foreign policy debate. Founded in 1982,
AFPC is a 501(c)(3) non-profit organization dedicated to bringing information to those who make or influence
the foreign policy of the United States and to assisting world leaders with building democracies and market
economies. AFPC is widely recognized as a source of timely, insightful analysis on issues of foreign policy, and
works closely with members of Congress, the Executive Branch and the policymaking community. It is staffed

by noted specialists in foreign and defense policy, and serves as a valuable resource to officials in the highest
levels of government.

AFPC Mission Statement

The American Foreign Policy Council seeks to advance the security and prosperity of the United States by:
* providing primary source information, as well as policy options, to persons and organizations who

make or influence the national security and foreign policies of the United States;
arranging meetings and facilitating dialogue between American Statesmen and their counterparts in
other countries; and
fostering the acceptance and development of representative institutions and free market economies
throughout the world in a manner consistent with the Constitution, the national interest, and the
values of the United States.
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