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Greetings DSO Family and Friends!

I hope that you are all doing well, in good health, and staying 
safe in these very uncertain times.  We’ve all had to adapt 
in our home and work lives to help combat the COVID-19 
threat.  The DSO family knows first-hand the very real pain 
and loss this pandemic is imposing.  Dr. Judah Goldwas-
ser, our dear friend and colleague, succumbed to the virus in 
March, and there are several current DSO personnel who are 
either mourning the loss of a loved one or worried about the 
health of friends and family due to COVID-19. 

I’m proud to say that DARPA and its performers are very 
much working on the front line in this battle.  Within DSO, 
we are leveraging efforts from our existing portfolio to dis-
cover novel COVID-19 therapeutics, develop environmental 
sampling for detecting the presence of SARS-CoV2 (the virus 
that causes COVID-19), and mitigate U.S. pharmaceutical 
supply chain challenges.  These efforts will not only help ad-

dress the current crisis but will also ensure that U.S. military 
and civilian populations are better protected against future 
pandemic threats. 

Despite having to adapt to a new way of doing business, 
DSO PMs remain laser-focused on living up to their respon-
sibilities as DARPA’s far forward scouts for identifying and 
seeding future generations of game-changing technology.  
Our adversaries are not slowing their efforts to harm the U.S. 
and our allies during this pandemic.  In fact they see this 
as an opportunity, believing that we are at our most vulner-
able when distracted by other threats.  We are not allowing 
COVID-19 to deter us from serving as “DARPA’s DARPA.”  
We continue to recruit talented personnel, initiate new pro-
grams, and forge new partnerships to ensure DSO program 
innovations ultimately transition in the form of impactful in-
novation for national security.

Dr. Valerie Browning
Director, DSO
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In terms of recruitment, we welcomed LTC Phil Root as 
DSO’s Deputy Director in June 2019.  Please see comments 
from Phil at the close of this year’s newsletter.  In it he de-
scribes some of the exciting new directions DSO is contem-
plating for future investments.  We’ve also welcomed two 
new program managers since last year, who will help DSO 
grow our portfolios in quantum science and novel sensing in 
low-resourced and/or SWaP-constrained environments.

Over the past year, DSO has initiated five new major pro-
grams that will help the U.S. win important technology 
races in hypersonics, space, autonomy, energetics, and sta-
bilization.  Details on these programs can be found in the 
body of this year’s newsletter; however, two that I would like 
to highlight here include our Rational Integrated Design of 
Energetics (RIDE) and Habitus programs.   The RIDE pro-
gram will leverage recent DARPA investments in automation 
and artificial intelligence to significantly accelerate and sys-
tematize energetics research.  Given that many of today’s 
state-of-the-art energetic materials are assembled from 
materials discovered nearly 100 years ago, we are excited 
to see what this new approach to energetics discovery will 
produce.  Our new Habitus program represents a deliberate 
pivot within DSO to focus on deterrence and stabilization op-
erations in areas that we refer to as Undergoverned Spaces 
(UGS).  UGS are permissive environments that are particu-
larly vulnerable to exploitation and/or influence from actors 
whose interests do not necessarily align with ours or our al-
lies.  Habitus seeks to capture local knowledge and make it 
available to military operators to provide an insider’s view 
that informs sound decision-making for stabilization and de-
terrence operations.  

DSO program managers always look for opportunities to 
work with potential transition partners early in the program 
development process.  This not only helps ensure a path to 
transition at the completion of the program, but it also helps 
us pursue opportunistic, “low-hanging fruit” that may pre-
sent itself along the way.  Two examples of impactful tran-
sitions from DSO programs over the past year include the 
delivery of supply chain management simulation and opti-
mization software to DLA out of the Lagrange program and 
the deployment of Make-It pharmaceutical production tech-
nology at the first ever Department of Health and Human 
Services Foundry for American Biotechnology.

Our Disruptioneering program continues to be a great suc-
cess.  DSO released three Disruptioneering topics over the 
past year focused on alternative computing, new mathemat-
ics for modeling complex systems, and exploiting the vacu-
um energy.  In the category of “imitation is the greatest form 
of flattery” MTO stood up their own version of Disruptioneer-
ing in 2019 called Microsystems Exploration.  

This year marks the 40th anniversary of the establishment 
of DSO.  I’ve had the privilege of working in DSO in various 
capacities for just about half of its existence.  We are the 
oldest continuously staffed DARPA office, and there is much 
in the way of accomplishments for us to celebrate.  There 
are entirely new fields such as spintronics and metamate-
rials as well as a new paradigm for prosthetics that exist 
because of DSO investments.  Two of DARPA’s existing tech-
nical offices, MTO and BTO, were born out of DSO portfolios 
in electronics and biology, respectively.  In addition, military 
and civilian personnel are being kept safe by early DSO in-
vestments in areas such as armor and WMD/WMT sensor 
networks.  To recognize this important milestone, DSO plans 
to invite alumni to an event where we will reflect on the 
many technical areas shaped by past DSO investments and 
consider how future DSO investments may lead to disruptive 
innovation for the future.  While we would have preferred to 
hold this event later this year, we believe it will be safer and 
more productive to wait until the country has returned to 
more normal operations, hopefully sometime in the first half 
of 2021.  

In closing, I’d like to wish the entire community of DSO 
friends and colleagues all the best.  Please stay safe, and 
I hope you enjoy the highlights of our many activities and 
accomplishments as described in the 2020 Discover DSO 
newsletter.

Respectfully yours,

 

Valerie Browning

DARPA DSO Director 

June 2020
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Dr. Joe Altepeter
Joe is interested in quantum and 
quantum-inspired technologies, 
novel sensors and imaging sys-
tems, hyperspectral awareness, 
and the visualization of useful 
data from complex physical sys-
tems.

Dr. Anne Fischer
Anne is interested in pursuing 
creative applications of molecular 
approaches, methods, and tools 
to advance a wide range of tech-
nologies.

Lt. Col. C. David Lewis
David is interested in apply-
ing the forefront of fundamental 
physics in unique ways to DoD 
challenges, using the disciplines 
of quantum mechanics, space 
and plasmas, and gravitational 
physics.

Dr. Bartlett Russell
Bart is a Cognitive Neuroscientist 
whose work focuses on under-
standing the variability of human 
cognitive and social behavior to 
enable the decisionmaker, im-
prove analytics, and generate 
autonomous and AI systems that 
enable human adaptability.

Dr. Tatjana Curcic
Tatjana is interested in advancing 
quantum science and technolo-
gies for solving national secu-
rity problems. Topics of interest 
include exploration of the util-
ity of Noisy Intermediate-Scale 
Quantum (NISQ) devices, quan-
tum-enhanced machine learning 
methods, and novel quantum 
sensing and metrology approach-
es.

Dr. Michael Fiddy
Mike is interested in electro-
magnetic propagation/scattering 
in complex media and inverse 
scattering methods for imaging/
material design. Specific topics 
include linear/nonlinear meta-
materials and signaling/imaging 
through strongly scattering me-
dia/biosystems.

Dr. Bill Carter
Bill is interested in new materi-
als for extreme environments, 
including hypersonics, space, 
arctic and deep ocean. He has 
additional interests in advancing 
our ability to field new materials, 
understanding and preventing 
material failure, and enhancing 
human learning.

Dr. Rohith Chandrasekar
Rohith is interested in static and 
dynamic planar imaging systems, 
nonlinear optical devices, and ra-
dar systems.

Program Managers
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Our Team
DSO identifies and pursues high-risk, high-payoff research initia-
tives across a broad spectrum of science and engineering disci-
plines — sometimes reshaping existing fields or creating entirely 
new disciplines — and transforms these initiatives into radically 
new, game-changing technologies for U.S. national security.

Dr. Jan Vandenbrande
Jan is interested in the math-
ematics and computational tech-
nology required to make comput-
ers a true partner in mechanical 
design to fully leverage advanced 
materials and manufacturing 
techniques.

Dr. Mark Wrobel
Mark is interested in advanced 
sensing modalities for chemical, 
biological, radiological, nuclear 
and explosive threats and their 
precursors and advanced analyt-
ics for both sensor and transac-
tional data.

Dr. Jiangying Zhou
Jiangying is interested in under-
standing the foundations of ma-
chine intelligence, novel concepts 
of unconventional computing and 
human-machine teaming.

Mr. Ted Senator
Ted is interested in fundamen-
tals, principles, applications, and 
methods of AI, including new 
science needed for classes of 
problems not yet attempted, ap-
plications of existing technologies 
to new domains, and the system 
engineering methods needed for 
developing, integrating, scaling, 
and sustaining these applica-
tions.
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Leadership

Dr. Valerie Browning

Dr. Valerie Browning was named 
director of DARPA’s Defense Sci-
ences Office in December 2017.

Dr. Browning has more than 30 
years of experience in managing 
and executing defense-related 

research and development. Prior to her most recent 
DARPA appointment, Dr. Browning worked as an inde-
pendent consultant providing subject matter expertise 
and strategic planning support to the Department of 
Defense, Department of Energy, and other government 
clients in the areas of advanced materials and alterna-
tive energy. She also served as chief technology officer 
for HELM System Solutions, Inc., a woman-owned 
small research and development (R&D) business.

Dr. Browning was a program manager in DSO from 
2000-2007, where she initiated and managed a di-
verse R&D portfolio in areas that included metama-
terials, bio-magnetics, unmanned underwater vehicle 
energy storage, portable power, thermoelectric mate-
rials, and others. Dr. Browning also worked as a re-
search physicist at the Naval Research Laboratory 
from 1984-2000 where her primary areas of research 
included thermoelectric materials, superconductors, 
magnetics, and magnetic oxide materials.

DSO Director

Dr. Philip Root

Army Lt. Col. (ret) Philip Root, 
PhD, was named deputy direc-
tor of the Defense Sciences Of-
fice in June 2019. He continues 
to manage the Squad-X program 
in DARPA’s Tactical Technology 

Office (TTO) where he explores the intersection of AI, 
autonomy, and military operations. His former TTO 
programs include Urban Reconnaissance through Su-
pervised Autonomy (URSA), ALIAS aircrew autonomy, 
Mobile Force Protection counter-UAS, Underminer tac-
tical tunneling, and DSO Fast Lightweight Autonomy 
(FLA) .  He maintains responsibility for the legal, mor-
al, and ethical (LME) analysis of the URSA program as 
an exemplar for in-depth LME analysis of an autono-
mous system.

Before coming to DARPA, Root was the director of the 
Center for Innovation and Engineering at the United 
States Military Academy at West Point where he over-
saw cadet and faculty research in support of Army 
operations. Root deployed as a research and develop-
ment officer to Afghanistan, where he developed and 
implemented the hardware and software needed to 
support cloud-based military intelligence analytics. 
He served two years as an Astronaut Office support 
engineer at the Johnson Space Center where he had 
oversight responsibilities for the booster and launch 
abort system of the Constellation program intended to 
return Americans to the Moon. Root spent nearly the 
first decade of his career as an Apache helicopter pilot 
in Germany and Korea. He is a graduate of the United 
States Military Academy, and he received his Master of 
Science and doctorate from MIT at the Laboratory for 
Information and Decision Systems (LIDS).

DSO Deputy Director

DSO….must continue to redefine 
ourselves as we study the exponen-

tial technical and geopolitical trends, 
while we simultaneously identify, 

exploit, and create key episodic break-
throughs related to national security.

– Dr. Philip Root
(see full article on page 23)

“
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DSO is looking for a few great ideas

Mr. Scott Wenzel

Scott became DSO’s ADPM, in 
September 2018. In this role, 
Mr. Wenzel is responsible for 

managing DSO’s business processes. He has 6 years 
of experience at DARPA managing budgets, finance, 
contracts, acquisition, and policy for multiple tech-
nical offices, and 4 years of Army Acquisition Work-
force experience as a civilian supporting the Program 
Manager for DoD Biometrics under Program Executive 
Office for Enterprise Information Systems. Scott is es-
pecially interested in streamlining processes to ensure 
compliance with regulations without impacting techni-
cal execution. He is also actively engaged in managing 
relationships between DARPA and those military and 
civilian agencies who do work on its behalf.

DSO Assistant Director,
Program Management 

(ADPM)

Ms. Karen McMullen

Karen joined DSO in April 2014 
as program analyst. Karen brings 
33 years of experience supporting 
various DARPA technical offices 
to her duties overseeing day-to-

day office operations and supporting DSO’s ADPM in 
financial formulation, budget formulation and program 
management support. A key responsibility is acting 
as contracting officer’s representative for DSO’s SETA 
support contracts. In this role, she ensures DSO pro-
gram managers get the support they need to create 
and manage successful programs.

DSO Program Analyst

DSO is DARPA’s DARPA. Being tasked with creating scientific surprise means we are con-
stantly on the hunt for the next great idea. Great ideas are often inspired by events typically 
thought to be unrelated to science: Watching fruit fall from trees inspired Newton to define 
the laws of gravity.  Reading Aristotle inspired Copernicus to replace Ptolemy’s geocentric 
theory with one centered around the sun.   Studying David Hume’s Treatise of Human Na-
ture inspired Einstein’s Theory of Relativity.
New science often happens at the intersections between scientific disciplines.  For exam-
ple, computer science originated at the crossroads of mathematics, physics, and electron-
ics. Because DSO’s portfolio comprises math, the physical sciences, and social sciences, we 
are uniquely positioned to plumb these intersections for new discoveries.
At DARPA, we are looking for ideas that will revolutionize our ability to protect the country 
and support the warfighter.  Great ideas that originated at DARPA and changed national 
security and the world include stealth technology, GPS, and, of course, the internet.
DSO’s research ideas are not all home grown. Oftentimes researchers in the field bring 
their ideas to us. If you have a great idea, reach out to a DSO Program Manager today, 
http://www.darpa.mil/about-us/people.

http://www.darpa.mil/about-us/people
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P R E S E N T  A N D  P A S T

DSO’s Make-It program making decentralized 
pharmaceutical production possible
Imagine a scenario where a clinical trial has proven that an existing drug has anti-viral properties that could help end a 
pandemic. Then imagine that drug is only made in a foreign country whose workforce has been decimated by the virus that 
causes the pandemic. Supply chain problems make it impossible to meet worldwide demand for the drug.  Rather than wait-
ing critical months to ramp up alternative production capabilities, what if you could provide the recipe for the drug to pre-
existing, small manufacturing platforms located around the globe that could make required doses of the drug immediately at 
the point of need?

DSO’s Make-It program is develop-
ing such a capability. Make-It enables 
end-to-end automated production of 
pharmaceuticals and other chemicals 
in small-scale, modular, continuous 
manufacturing platforms. These tech-
nologies enable a paradigm shift from 
inflexible, large-scale batch produc-
tion in centralized facilities to produc-
tion on-demand at the point of need. 
Make-It has demonstrated capability 
for hands-free production of more than 
35 active pharmaceutical ingredients 
(APIs) on flexible, modular hardware; 
AI-based computational methods to 
design synthetic routes (i.e., recipes) 
for known and new APIs; and the abil-
ity to produce select medicines in final formulated pill form. Make-It capabilities were inspired by the DARPA Battlefield 
Medicine program, which created manually reconfigurable production devices intended to support military readiness in far-
forward deployed settings. While these applications are still a focus of Make-It, the fully automated suite of technologies de-
veloped in the program have demonstrated value across the chemical supply chain, improving reproducibility, safety, supply, 
and reliability and enabling flexible, scalable response to dynamic demand on a single, fully automated production system.

The U.S. relies heavily on pharmaceutical production in China and India, which as the COVID-19 outbreak is demonstrating, 
creates a fragile supply chain over which we have little control. Make-It has laid the groundwork for a resilient, responsive, 
and adaptive U.S.-based pharmaceutical manufacturing capacity that can be centralized or distributed and adjusted on de-
mand based on critical need. Such a capability could 1) ensure continuous delivery of critical medicines in the event of an 
external supply disruption (a known vulnerability for large manufacturing facilities), 2) enable rapid adaptation of a single 
production device to respond to many pharmaceutical targets, and 3) provide robust, validated in-line analytics and process 
control to ensure the quality of API or medicines produced at all times.

DARPA is currently working with the Department of Health and Human Services’ Assistant Secretary for Preparedness and 
Response (ASPR) to demonstrate production of a generic antibiotic in final pill form (Ciprofloxacin) for approval by the Food 
and Drug Administration (FDA), a critical step to enable Make-It’s vision for pharmaceutical production. This effort is cur-
rently in a pre-Good Manufacturing Process (GMP) development phase and scheduled to culminate in submission of an 
Abbreviated New Drug Application (ANDA) to the FDA in early 2022. While this step is critical to fully realize these produc-
tion systems for final pharmaceutical applications (e.g., pills/injectables), the API synthesis capabilities are robust and well 
demonstrated. These devices could be developed in the near-term to demonstrate capacity for U.S.-based production of APIs 
and rapidly respond to critical supply disruptions such as that caused by the COVID-19 pandemic.

Program Highlights

Coley et al., Science 365, 557 (2019)
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DSO-developed ventilator technology 
battles COVID-19
As DSO celebrates its 40th Anniversary, we are taking 
a look back at past DSO programs that are making big 
impacts today. We are showcasing one such program, 
the Simplified Automated Ventilator (SAVe II), in this 
newsletter. Look for others to appear in the DSO 40th 
Anniversary booklet, which will be published early next 
year.
COVID-19 attacks indiscriminately. Some people are infected and show no symp-
toms, while others develop life threatening lung infections that land them in Inten-
sive Care Units struggling to breathe. The sickest individuals must be intubated 
and put on a ventilator. However, there are not always enough hospital ventilators 
and personnel trained to operate them available for the volume of patients who 
require them. One answer to this shortage has been the SAVe II portable ventilator 
originally funded by DSO. 

The SAVe II ventilator was developed by AutoMedx, Inc. of Plano, Texas, under a 
Small Business Innovation Research (SBIR) contract. Phase I was awarded in No-
vember 2007, and Phase II was awarded in June 2009.  The SBIR was managed 
by Geoff Ling as part of DSO’s Battlefield Medicine program.  In addition to the 
need for a portable, mechanical ventilator to replace the manual bag-style ventila-
tor still used by combat medics at the time, the SAVe II was envisioned to be an 
essential tool in the response to future pandemics. At the time there was genuine 
concern that H1N1 flu could erupt in a pandemic.

The Phase I SBIR stated, “The proposed advancements of the SAVe ventilator will 
result in an easy to operate, small, lightweight, inexpensive, compressor-driven 
ventilator well suited not only to military applications and environments such as 
a battlefield (under the Tactical Combat Casualty Care doctrine), but civilian ap-
plications as well…The overall design of the SAVe II lends itself well to be used on 
a day to day basis or stockpiled for use in the event of a major pandemic.”

The SAVe II, that went into production in 2015, is indeed being used in response 
to the COVID-19 pandemic. Published articles quote AutoMedx co-founder James 
Evans as saying the company had made 10,000 of its compact ventilators, most-
ly for battlefield use, at a maximum rate of 3,000 per year. However, with the 
advent of COVID-19, the company is gearing up to build 50,000 units in the next 
12 months.

The AutoMedx website explains that the SAVe II is easy to use: “Simply select the 
height of the patient and the device dials in a preset tidal volume based on the 
patient’s Ideal Body Weight.  This helps reduce operator error and eliminate the 
guesswork associated with bagging in a high stress environment or setting up an 
overly complicated transport vent and frees up the medic to treat other injuries, 
assist other patients, or pack the patient for transport.” The simplicity of the de-
vice also lends itself to applications in overburdened hospital settings where too 
few trained respiratory therapists may be available.

Image credit: automedx.com
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What is opaque to outsiders is often obvious – even if implicit – to locals. Habitus aims to capture and make local knowledge 
available to military operators, providing them with an insider view to support decision making. This involves developing 1) 
new engagement mechanisms and 2) methodologies for creating predictive, causal models of local systems based on input 
from locals. The resulting capability would be generalizable across regions and populations, adaptive as societies change 
over time, and self-sustaining for maintainability and persistence.

The Atmosphere as a Sensor (AtmoSense) program is a fundamental science program that seeks to understand the propaga-
tion of mechanical and electromagnetic energy from the surface of the Earth through the Earth’s ionosphere due to transient 
events such as meteorological sources, geophysical sources, prompt hazards, etc. For example, an event on the surface of 
the Earth, such as a volcanic eruption, will produce radially outward longitudinal mechanical perturbations on the atmos-
phere. Those wave components traveling radially away from the center of the Earth will encounter decreasing air density 
with altitude, thus reducing the amount of energy transferred to the atmosphere. This energy can propagate all the way to 
the bottomside of the ionosphere and has been detailed in the observational literature using various electromagnetic meas-
uring techniques. AtmoSense seeks to understand the evolution of this energy through the troposphere, stratosphere, and 
mesosphere (before it reaches the ionosphere).

Understanding the basic fundamentals of atmospheric energy propagation from transient events could inform new detection 
techniques and hazard forecasting for activities on the Earth’s surface.

New Programs

Habitus

Atmosphere as a Sensor (AtmoSense)

Dr. Bartlett Russell

Lt. Col. C. David Lewis, USAF
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Automation and artificial intelligence are revolutionizing discovery and production of functional molecules by enabling fast, 
reproducible experimentation and efficient property optimization. These capabilities have already made a significant impact 
on prevalent molecular classes, such as pharmaceuticals, but niche areas characterized by unique chemical space, limited 
literature precedence, and requirements for specialized experimental hardware have experienced relatively slow improve-
ment. One such area, critical to national security, is energetics.

The DARPA Rational Integrated Design of Energetics (RIDE) program will develop tools that speed and systematize ener-
getics research, enabling advanced development and implementation of automation and discovery tools to the energetics 
domain. Specifically, these will include 1) safe, semi-automated experimental capabilities that integrate energetics ingredient 
synthesis with formulation development and testing and 2) theoretical, experimental, and/or statistical methods that enable 
safe, accurate evaluation of key energetics properties at reduced scale.

Autonomous and semi-autonomous systems need active illumination to navigate at night or underground. Switching on vis-
ible headlights or some other emitting system like lidar, however, has a significant drawback: It allows adversaries to detect 
a vehicle’s presence, in some cases from long distances away.

The Invisible Headlights program aims to discover and quantify the available information in ambient thermal emissions, de-
termine how much of that information is useful for building a 3D model of a scene, define the tradespace of sensor designs 
capable of gathering this information, develop new sensors capable of dramatically increased measurement diversity, and 
validate all of the above via testing in the field.

This approach is potentially transformative because conventional infrared sensors fail to collect almost all available informa-
tion from ambient thermal emissions. Invisible Headlights seeks to create superior sensors that capture more of this informa-
tion via improved algorithms and increased measurement diversity.

Rational Integrated Design of Energetics (RIDE)

Invisible Headlights

Dr. Anne Fischer

Dr. Joe Altepeter
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Disruptioneering Success Leads to New DSO Program

Disruptioneering

In Spring 2017, DSO launched Disruptioneering.  The goal of Disruptioneering is to 
increase the pace of innovation by taking a PM’s fully-fledged scientific insight from 
idea inception1 to award in fewer than 90 days. Disruptioneering also responds 
to the 2018 National Defense Strategy’s call to “deliver performance at the speed 
of relevance.”  Due to the successes demonstrated in rapidly executing on ideas 
through Disruptioneering, the techniques were also employed under DARPA’s 
Artificial Intelligence Exploration (AIE) program when it kicked off in between 2018 
and MTO’s Microsystems Exploration program which kicked off in 2019.

Disruptioneering awards are limited to $1 million and an 
18-month period of performance.  DSO has announced a 
total of 10 Disruption Opportunities (DOs). Several of these 
Disruptioneering projects have resulted in new discoveries 
with the potential to lead to DARPA follow-on programs, 
but one in particular has already made that leap.  Awards 
under Dr. Anne Fischer’s Molecular Scaffold Design Collec-
tive (MSDC) Disruptioneering effort were made in Summer 
2018.  The goal of MSDC was to assess a new model of 
government-industry-academic collaboration for design, syn-
thesis, and testing of energetic materials.  A key result of the 
MSDC research was the delivery of gram-scale quantities of 
19 novel energetic precursors to DoD research labs in just 
the first four months of the program, something that might 
take a year by conventional methods.  The new approaches 
to chemical synthesis and collaboration models within the 
energetics community developed under MSDC ultimately re-
sulted in 51 molecules being delivered to government part-
ners, some of which have been scaled by government labs 
and are still under development for U.S. energetics needs. 

The success of MSDC made it clear a larger program to ad-
vance energetics development was necessary and feasible.

DSO issued the solicitation for Dr. Fischer’s Rational Inte-
grated Design of Energetics (RIDE) program on March 11, 
2020, with proposals expected by May 8, 2020.  The goal 
of RIDE is to transform U.S. energetics research approaches 
and capabilities by developing safe, semi-automated experi-
mental capabilities that integrate energetics ingredient syn-
thesis with formulation development and testing, along with 
theoretical, experimental, and/or statistical methods that 
allow safe, accurate evaluation of key energetics properties 
at reduced scale. The hope is with these new capabilities 
in hand, DoD scientists will be able to safely and rapidly 
develop new high performance energetics needed for cur-
rently fielded platforms and build new capabilities for future 
systems.

Several key insights from MSDC (e.g., tunability of stereo-
chemistry, the three-dimensional shape of a molecule) and 
Dr. Fischer’s Make-It program (e.g., application of flow syn-

1 “Idea inception” is defined as the date an individual Disruption Opportunity is publicly advertised.
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Nature as Computer 
(NAC)

Dr. Jiangying Zhou

Certain natural processes perform 
par excellence computation with 
levels of efficiency unmatched by 
classical digital models. Levinthal’s 
Paradox illustrates this well: In na-
ture, proteins fold spontaneously 
at short timescales (milliseconds) 
whereas no efficient solution exists 
for solving protein-folding problems 
using digital computing. The Nature 
as Computer (NAC) program pro-
poses that in nature there is synergy 
between dynamics and physical con-
straints to accomplish effective com-
putation with minimal resources.
NAC aims to develop innovative re-
search concepts that exploit the in-
terplay between dynamic behaviors 
and intrinsic material properties 
to develop powerful new forms of 
computation. The ability to harness 
physical processes for purposeful 
computation has already been dem-
onstrated at lab-scales. NAC seeks 
to apply these concepts to computa-
tion challenges that, for fundamen-
tal reasons, are poorly suited to, or 

functionally unexplored with, classi-
cal models.
NAC will lay the foundation for ad-
vancing new theories, design con-
cepts and tools for novel computing 
substrates, and develop metrics for 
comparing performance and utility. 
If successful, NAC will demonstrate 
the feasibility of solving challenging 
computation problems with orders-
of-magnitude improvements over 
the state of the art.

Computable Models 
(COMP Mods)

Dr. Jan Vandenbrande

Accurate multi-physics simulation 
codes are essential for understand-
ing the behavior of complex DoD 
systems, but they are generally not 
available from the commercial sector 
and have to be custom built. Current 
approaches to building simulation 
codes scale poorly with the number 
of interacting physics involved and 
often introduce inaccuracies that 
are difficult to trace and quantify. 
In addition, most of these DoD sys-
tems are test limited, and “big data” 
methods cannot be used.

DARPA’s Computable Models pro-
gram aims to investigate and quan-
tify the benefits of new and emerg-
ing mathematics and algorithms to 
enable direct generation of accurate 
and efficient multi-physics, multi-
scale (time and space) simulation 
codes for complex physical systems 
relevant to DoD.

Quest for Undiscovered 
Energy Storage and 
Thrust (QUEST)

Dr. Michael Fiddy

Based on current quantum mechani-
cal models, the energy density of the 
quantum vacuum is predicted to be 
high. Recent advances in fabricating 
material nanostructures and cavi-
ties have fueled the study of vacu-
um fluctuation-driven phenomena, 
indicating that the energy density 
can be modified locally. QUEST seeks 
rigorous predictive models that lead 
to testable experiments confirm-
ing whether energy or momentum 
transfer mechanisms are possible 
exploiting this background.
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thesis to a broader range of molecules and fully computer-controlled hardware systems to synthesize molecules) offer new 
approaches to energetics development that will be explored under RIDE.  Technologies developed in RIDE will 1) enable 
safer development of energetics by applying new process control, flow synthesis and parallel formulation approaches to re-
duce volumes of dangerous energetic materials, 2) systematize energetics development by collecting critical property data 
that will ultimately inform DoD energetics design models, 3) automate components of the energetics development process to 
enable a design-of-experiments (DOE) approach to rapidly optimize energetics formulations in parallel with ingredients, and 
4) provide new theory and experimental capabilities that significantly reduce the scale of material required to determine key 
energetics figures of merit.

Three new Disruptioneerings
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DARPA Selects Teams for Work on Tunable Gamma Ray 
Inspection Technology 
Program to develop revolutionary nondestructive inspection capability gets 
underway
Two California companies were selected for DARPA’s Gam-
ma Ray Inspection Technology (GRIT) program and have 
begun work to develop a transportable, tunable source of 
gamma rays for a host of national security, industrial, and 
medical applications.

Lumitron Technologies and RadiaBeam Technologies started 
work on the GRIT program in April and are exploring novel 
approaches to achieve high-intensity, tunable, and narrow-
bandwidth sources of gamma ray radiation in a compact, 
transportable form factor.

GRIT aims to provide a source of tunable, pure x-rays and gamma rays from tens of keV (kilo-electron volts) up through three 
MeV (mega-electron volts). Currently, tunable and narrow bandwidth gamma ray sources only exist at highly specialized 
user facilities best suited for basic research and are not able to support broad practical applications. Shrinking these photon 
sources to a transportable system is the major goal and challenge of the GRIT program.

“If we can develop a transportable system that could be moved to the point of need on a flatbed semi-trailer or rail car, for ex-
ample, it could transform nondestructive inspection in many areas of interest, such as radiography of critical-use, high-value 
aircraft or machine parts, or inspection of cargo for contraband,” said Mark Wrobel, program manager for GRIT in DARPA’s 
Defense Sciences Office. “A transportable, tunable gamma ray source could also be useful in mining to identify rare-earth 
elements in ores or for advanced medical diagnostics to provide more detailed information than is possible with existing X-
ray technology.”

Phase 1 is 24 months. Depending on whether the performers meet threshold metrics at the end of Phase 1, DARPA will 
decide if the program progresses to Phase 2.

Are you DARPA PM material?
So, you have this idea.  You can’t shake it.  It haunts your dreams at night and sidetracks you from your “real” work during 
the day.  You know your idea sounds crazy, but you also have a new approach that just might make it work. Your boss says 
it’s too risky, it’s been tried before and didn’t work, or, worse, he or she doesn’t understand you.  Yet you know that if you 
could only pursue your idea, it would change the face of national security and, potentially, the entire world.  If only someone 
would recognize the greatness of your idea and support you in its pursuit!
If you have this sort of passion for an idea, you have at least one characteristic of a DARPA Program Manager (PM).  Other 
characteristics include the drive to bring technology to the warfighter at the speed of discovery, the courage to question 
conventional wisdom armed with cutting edge insights, and the desire to be of service to your country.
DARPA PMs typically serve 2-4 years.  DARPA is a fast-paced environment where PMs are expected to hit the ground running 
to make their initial idea a reality as quickly as possible, while simultaneously envisioning their next awesome idea.  Lest you 
think DARPA PMs are one trick ponies, each of them thinks deeply about their own discipline while exploring the intersec-
tions between disciplines to identify new discoveries to solve intractable national security problems.
If you have the passion, drive, intellectual curiosity, and dedication to country to be a DARPA PM, please reach out to any of 
us in DSO to start a conversation.
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DARPA Kicks Off Program to Advance Quantum Computing
Teams aim to leverage power of intermediate-scale quantum devices and classical 
computing
DARPA has selected seven university and industry teams for the first phase of the Optimization with Noisy Intermediate-
Scale Quantum devices (ONISQ) program. Phase 1 of the program began in March and will last 18 months.

ONISQ aims to exploit quantum information processing before universal fault-tolerant quantum computers are realized, 
which isn’t expected for many years. The program is pursuing a hybrid concept that combines intermediate-sized quantum 
devices (hundreds to thousands of quantum bits, or qubits) with classical computing systems to solve a particularly challeng-
ing set of problems known as combinatorial optimization.

ONISQ seeks to demonstrate a quantitative advantage of quantum information processing by leapfrogging the performance 
of classical-only systems in solving optimization challenges. If successful, ONISQ could be applied to optimization problems 
of interest to defense and commercial industry, such as global logistics management, electronics manufacturing, and protein-
folding.

“What is particularly exciting about the ONISQ teams is that quantum information scientists will be working side-by-side 
with experts in classical optimization theory,” said Tatjana Curcic, program manager in DARPA’s Defense Sciences Office. 
“Together they will investigate where the hybrid quantum/classical approach will have the biggest payoff.”

In Technical Area 1, the performers were selected to demonstrate a hybrid quantum/classical optimization algorithm in a 
quantum device to solve a specific combinatorial optimization problem.

• Georgia Tech Applied Research Corporation
• Universities Space Research Association
• Presidents & Fellows of Harvard College
• ColdQuanta, Inc.

The performers were chosen under Technical Area 2 to develop general theoretical methods to pave the way for a quantum 
optimization paradigm that surpasses the best classical methods for certain classes of combinatorial optimization problems. 
Depending on research achievements in Phase 1, performers may be selected for a 30-month Phase 2.
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The Atmosphere as Global Sensor 
Fundamental science effort to explore if disturbances on earth can be sensed 
throughout the atmosphere

Sensors are usually thought of in terms of physical devices that receive and respond to electromagnetic signals – from every-
day sensors in our smartphones and connected home appliances to more advanced sensors in buildings, cars, airplanes, and 
spacecraft. No physical sensor or aggregation of electronic sensors, however, can continuously and globally detect distur-
bances that take place on or above the earth’s surface. But the physical atmosphere itself may offer such a sensing capabil-
ity, if it can be understood and tapped into.

To that end, DARPA recently announced its Atmosphere as a Sensor (AtmoSense) program, whose goal is to understand the 
fundamentals of energy propagation from the ground to the ionosphere to determine if the atmosphere can be used as a sen-
sor.

Voices from DARPA Podcast 
DARPA’s podcast series, “Voices from DARPA,” offers a 
revealing and informative window on the minds of the 
Agency’s program managers. In each episode, a program 
manager from one of DARPA’s six technical offices—Biological Technologies, Defense Sciences, Information Innovation, Mi-
crosystems Technology, Strategic Technology, and Tactical Technology—will discuss in informal and personal terms why they 
are at DARPA and what they are up to.

Detecting Threats with Time to Act
Mark Wrobel
https://youtu.be/Q24_InS2v1c

The Light and Matter Maestro
Mike Fiddy
https://youtu.be/_bfb5w5h9xk
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Nuclear, Biological, Chemical Threat Detectors Put Through 
Paces at Indy 500 
DARPA, DHS sensors successfully networked for first time at 2019 Indy 500
As some 300,000 cheering race fans packed the stands at the 2019 Indianapolis 500, behind the scenes an advanced 
network of sensors kept constant vigilance, providing security officials real-time awareness of any potential weapon-of-mass-
destruction/terror (WMD/WMT) threat. The deployment marked the first time that DARPA’s SIGMA+ network seamlessly 
integrated radiological and chemical sensors with biological threat sensors from the Department of Homeland Security’s 
Countering Weapons of Mass Destruction (CWMD) Office.

The joint DARPA-DHS sensor coverage demonstrated the powerful scaling capabilities of the SIGMA+ network. SIGMA+ 
expands on DARPA’s SIGMA program, which detects illicit radioactive and nuclear materials by incorporating sensors to 
identify chemical, biological, and explosives threats.

How DSO Develops Programs
DSO typically starts 8-12 programs per year.  Some of these may be smaller programs announced 
via Disruptioneering Special Notices (https://beta.sam.gov/opp/2b0e8684bf054bcb8b9b280
cb4498849/view?keywords=DARPA-PA-20-01&sort=-relevance&index=opp&is_active=true&page=1) 
and others are more traditional DARPA programs solicited by a dedicated BAA.  The formulation of 
a program may happen in weeks, or the final program may evolve over many months. A program 
manager (PM) may be exploring several concepts, sometimes using seedlings (small awards, typi-
cally 3-to-9 months in duration), to see which of these ideas have the greatest potential for impact 
as a DARPA program. A PM may also issue a Request for Information (RFI) at beta.sam.gov to ask 
the community what they have been working on relative to an idea.  The results of seedlings and 
RFI submissions don’t always indicate that a new program is warranted; however, when they do, 
PMs will put together a presentation for the DARPA Director and agency leadership.  If the DARPA 
Director agrees the PM’s idea should be a DARPA program, funding for the program is provided, 
and a Broad Agency Announcement (BAA) or other solicitation is issued at beta.sam.gov to request 
proposals.
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Alan Rudolph (DSO PM, 1997-2003)

Terraforming in a Post-Pandemic World
As I sit on my back porch looking west at the foothills and the 14’ers of the Rocky Moun-
tains, I am often reminded of the challenges the U.S. faced when I was at DARPA in the 
mid 90’s when we were first introduced to the offensive Soviet Union biological weapons 
program, particularly the scale to which they had weaponized biology. This was a major 
call to a new reality of biological threats as a weapon of mass destruction and planetary 
change agent.  I was hired to help DSO launch broader programs that borrowed from 
nature to address the broad challenges that this new threat posed including programs in 
advanced diagnostics, robotics, brain machine interfaces and bioinspired materials, and 
sensors, in an effort to drive DoD’s response to these biological threats.

In my current role as Vice President for Research at Colorado State University (CSU), I am 
responsible for setting the strategic S&T direction of this land grant university now in ac-
tive response mode to the current pandemic global threat.  Land Grants were established 
by President Lincoln in the Morel Act 1862.  Land was given to states to establish the first public education system in the 
U.S. to transfer knowledge into the surrounding communities. There is an inherent passion to apply the innovations and 
ideas that emanate from CSU that we are now translating to regional stakeholders.  This has a lot of synergies to my life and 
activities of a program manager at DARPA.

My office invests in new directions for the University to position it to thrive in translating new ideas and make direct im-
pacts regionally to globally. In my current position, I have invested in new faculty ideas in a program to promote uncommon 
partnerships, the Catalyst for Innovative Partnerships.  Funding for this program is similar to DARPA office seed funds (at 
least as I knew them, $400K per team). The program aggregates transdisciplinary teams and challenges them to find their 
next sponsor of $10M within two years.  Our ROI has been tremendous with about $4M in University investments returning 
nearly $30M in extramural support from the U.S. Government, industry and foundations.  Much of my training as a DSO PM 
has served me well in managing these teams’ success and helping many learn from their failures.

Most of my career I have been interested in how we can extract lessons from biological complexity and adaptation.   One 
of the new programs we have invested in at CSU is worth mentioning in a post-pandemic world.  Terraforma is a program 
to exploit mixed ecosystems with different animals, vectors, and plants living in biosafety level 3 containment that includes 
environmental dynamics of soil, water, and controlled weather (temperature, rain, wind) in order to investigate biological dy-
namics.  Yes, it’s a return to a small-scale biosphere without humans for now, instead substituting other mammals.  We can 
look at a number of problems and include dynamic events like flood or drought or other climate changes and capture flora 
and fauna in an ecosystem to ask a number of important questions.  As one example, we have been using this to observe 
pathogen spillover and create ecosystems that mimic important sites of potential zoonotic threats, to include mimicking a 
market like the one in Wuhan, China which may have been responsible for the current SARS-CoV-2 outbreak. 

In my view, the post-pandemic world challenges us to embrace and harness planetary complexity to translate new knowl-
edge into solutions to hard problems. Within the U.S. Government, this will result in the emergence of new agencies and 
programs that address innovations in One Health, that is, the interplay and complexities between animals, humans, and 
their environment.

One of the joys of being in the academic environment is the students.  Unbridled passions and very little dogma hold them 
down. Armed with a lot of information and misinformation and data to assemble into opinion, they have been a wellspring 
of inspiration in our troubling times.  I have used this channel to create some phenomenal transformations on campus such 
as the Virtual Reality Create-a-thon, where we had 50 students with faculty and industry reps (including former DSO PM 
Bill Warren!) spend 24 hours creating immersive XR mission and problem solving experiences.  New companies in virtual 
anatomy and concussion assessment protocols have arisen from these efforts.  We also have used the student channels in 
new areas such as Cyberbiosecurity, where we let students pen test our commercial biomanufacturing plant to reveal data 
security vulnerabilities.

Indeed, youth is still an inspiration for me--my daughter, Caroline gave birth to our first grandson, Sebastian, who is now 6 
months old.

DSO Alumni - Where are they now?
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Bill Warren (DSO PM, 1997-2001)

A DARPA Tale of Two
“It was the best of times, it was the worst of times
It was the spring of hope, it was the winter of despair
We had everything before us, we had nothing before us
It was the season of light, it was the season of darkness
We are all going direct to Heaven, we are all going direct the other way”

Charles Dicken’s “The Tale of Two Cities” may have been prophetic when it comes to be-
ing at DARPA, especially in the Defense Sciences Office.  If I had to write a “Tale of Two 
DARPA’s” it could be written:

It was the time to be strategic, it was the time to execute 
It was the occasion to be abstract; it was the period to be concrete
It was the season of free-flowing ideas, it was the season of a constrained reality 
We have many possibilities before us; we have many variables to explore
We are at a state of collywobbles; we are at a state of equilibrium
We are an acid; we are a base (frustrated Lewis pair)

The book’s purpose was to show the contrasts between the peace of London and the revolution in Paris which was unrave-
ling the seams of that society.  In the case of DARPA, it was to show the contrasts between the transformative and zany 
programs/ideas of DARPA PMs and those of the traditional military and industrial complex to which we had to transition.

We all learn the “tale of two” during our tour at DARPA, and this tale continues when we leave the organization.  In the 
vernacular, you can take the person out of DARPA, but you can’t take the DARPA out of the person.  We all leave with that 
DARPA-esque spirit as part of our inner being.  

During my career I have had the privilege of working with many phenomenal people in the government (Sandia National 
Laboratories, DARPA), small high-tech companies (Sciperio), small biotech (VaxDesign) and a large pharmaceutical com-
pany (Sanofi).   In each organization, the tale of two is pervasive to my strategy. For example, at Sanofi I lead a prototypic 
biotech unit (FluNXT) embedded within the large pharmaceutical company to accelerate next generation influenza vaccines; 
the tale of two is to marry the best of a biotech with the best of a pharmaceutical company.  Using the tale of two we are 
reducing vaccine cycle time, overcoming hyperbolic discounting, entering into “Pasteur’s Quadrant,” and creating an entre-
preneurial culture.  

A relevant tale of two for DARPA, it has been said that “generals always fight the last war.”  This is a description of the ad-
versary and what maneuvers work best against him are created in earlier conflicts, and then codified into canon.  When the 
next conflict comes, ethos and technology change the scene, thus, engaging the new rival using deep-rooted methods can be 
met with defeat. The sooner one can recognize the new reality, and shift strategy and tactics accordingly, the faster the situ-
ation can be reversed.  This is how DARPA operates … to be proactive and preactive to recognize and create the new reality, 
respectively, along with establishing dynamic equilibrium with the DoD.

Where are we fighting the last war in medicine?  Using influenza as an example, the description of the adversary (antigenic 
drift) and what maneuvers work best against him (update strains based on epidemiological data) are created in previous con-
flicts, and then codified into canon.  When the next conflict (season, pandemic) comes, weather and mutations will change 
the scene, thus, engaging the new rival using deep-routed methods could be met with defeat.  The sooner one can recognize 
the new reality (machine learning, new antigens, new manufacturing platforms, real world data), and shift strategy and 
tactics accordingly, the faster the situation can be reversed.  This is how we are approaching influenza research at Sanofi, 
inhaling the DARPA tale of two … to be proactive and preactive to recognize and create the new reality, respectively, along 
with establishing dynamic equilibrium with the influenza franchise.

As DSO celebrates its 40th anniversary, I hope the DARPA tale of two endures, enabling the office to go both beyond the 
horizon and into the horizon, concurrently.
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Devices for discovering new quantum phenomena
DARPA NLM performers demonstrate an ultrasensitive torque detector that outperforms the previous world record by three 
orders of magnitude in sensitivity. This detector, comprised of a silica nanoparticle entrapped and rotated at 5 GHz (= 300 
billion rpm, also a world record) by two laser beams, was shown to measure torques as small as 10-27 Nm. (For compari-
son, one newton-meter is the approximate amount of torque required to twist a cap off a soda bottle.) The external torque is 
measured by monitoring the rotation speed of the nanoparticle which is normally stable. Additionally, the system operates 
at room temperature compared to the previous world-record set in 2016 of 10-24 Nm measured at milliKelvin temperatures. 
Such sensitive torque measurements are expected to improve the measurement of quantum effects and reveal new quantum 
phenomena.  The nano-torque detector can be used to measure effects important to develop and control nanoelectronic 
devices, including the Casmir effect and nanoscale magnetism. Specific examples include the development of ultra-sensitive 
magnetic detectors and superconducting photon counters of value in a variety of DoD applications.   It will also enable the 
ground-breaking observation and quantitative measurement of quantum-friction, i.e., friction that arises from quantum fluc-
tuations of the vacuum near surfaces but under realistic conditions.

Experimental confirmation of a new magnetic excitation for high density memory 
and logic

DARPA Topological Excitations in Electronics (TEE) performers have found both skrymions and domain wall skyrmions; the 
latter had been previously predicted but not observed.  Such excitations have the potential to be much smaller than both 
conventional magnetic bits.  The skyrmions are 10 nm with thermal stabilities greater than 10 years.  The domain-wall 
skyrmions form 1-D channels, presenting a new platform for low-energy computing, and TEE researchers have further dem-
onstrated that domain walls can be moved with significant velocities (>4000 m/s), enabling very high transfer rates.  Thus, 
they have the potential to be used in low energy racetrack memory and spin-wave logic designs that would be an order of 
magnitude greater density than the best conventional magnetic media.

Acceleration of the rate of chemical reactions up to 1M times
Researchers on the DARPA Make-It program at Purdue University developed a reaction screening technology that surveys 
thousands of reaction conditions per hour, saving chemists countless hours of preparing, conducting, and analyzing that 
many experiments. The system takes advantage of a recently discovered effect that chemical reactions in “microdroplets” 
proceed much faster than they would in a beaker. Each droplet contains nanograms of material—just enough to analyze and 
check for products. Next, the researchers extended this capability by building a simple flow system that continuously pro-
duces reactive microdroplets. By repeatedly cycling reagents through the spray nozzle, up to three grams per hour could be 
synthesized, with the potential for further scale-up.  Using this approach, not only are products obtained more quickly, but it 
may be possible to enable new types of chemistry altogether.  The team has demonstrated synthesis of four molecules in this 
device that could not be practically made using conventional methods due to the extremely long reactions times.  

First-of-its-kind automated end-to-end chemical synthesis
DARPA researchers unveiled their automated chemical synthesizer in the high-impact journal Science, describing the devel-
opment and integration of technologies built under the DARPA Make-It program. The system leverages AI to determine the 
optimal route (i.e., recipe or series of reactions) to make a molecule, along with a custom-built robotic platform that imple-
ments the syntheses without human intervention. The technology has demonstrated production of over 20 different mol-
ecules, including two compound libraries that would have taken weeks or months to synthesize using a traditional glassware 
approach. In addition to molecular products designed to test the robustness of the platform chemistry, the team has also 
demonstrated production of DoD-relevant chemical warfare agent (CWA) countermeasures and energetic precursors. A chem-
ist currently validates the AI-based route prior to execution on the robotic platform, but, ultimately, the system could fully 
autonomously produce known molecules – such as existing medicines, dyes, and coatings – or ones that are completely new. 
Such a capability gives the DoD access to a scalable, reproducible method to produce small molecules that can impact op-
erations from research through in-field production of materials. https://science.sciencemag.org/content/365/6453/eaax1566

Emerging Results

https://science.sciencemag.org/content/365/6453/eaax1566
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Custom-built device delivered to the U.S. Army Research Laboratory for automat-
ed synthesis of explosive ingredients

On June 19, 2019, DARPA Make-It performers installed a custom-designed chemical production technology at Army Re-
search Laboratory (ARL), Aberdeen Proving Ground, MD. The device features a continuous flow chemical reactor with 
materials and components specifically incorporated to survive the harsh environments required for synthesis of energetic 
ingredients. Compared with traditional batch synthesis, where hazardous reagents must be isolated and purified after each 
reaction, flow synthesis approaches developed in Make-It continuously move small quantities of reagents through sets of 
custom reactors. Applying this advanced technology to energetics synthesis enables safer, hands-free operation; avoids the 
need for dangerous large-scale reactions; and allows more rapid optimization of alternate synthesis routes.  The system, 
validated by synthesizing insensitive energetic precursors to Fox-7 and LLM-105, will now be used by ARL to develop new 
production routes for existing explosives as well as completely new energetics ingredients. 

Record performance for a flexible 3D printed thermoelectric module
The DARPA Materials for Transduction (MATRIX) program has demonstrated the 3D printing of a BiTeSe based thermo-
electric (TE) module with a record performance for a printed module. With only a 40K temperature difference between the 
hot and the cold side, the module produced 2.2 milliWatts/cm^2, a value 50% better than any other thin film literature 
reported results (1.35 milliWatts/cm^2) and approaching the 2.7 milliWatts/cm^2 value for bulk processed TE modules. 
These modules can be printed on flexible and/or shaped surfaces using a unique ink that consists of flakes of the TE mate-
rial. When sintered using pulsed laser heating, the ink forms a solid TE on almost any surface.  These printed modules en-
able energy harvesting using indigenous heat sources (e.g., a hot water pipe) which suggests new opportunities for powering 
unattended sensors. 

American Composites Manufacturers Association (ACMA) 2019 Award for Com-
posites Excellence (ACE) in the category Infinite Possibility for Market Growth

The Infinite Possibility for Market Growth Award is presented to the composites product that demonstrates the potential to 
significantly increase the use of carbon fiber composites in existing markets or to open new and emerging markets for com-
posites.  University of Delaware received the award because their method for manufacturing composite feedstock, developed 
under DARPA’s Tailorable Feedstock and Forming (TFF) program, allows for zero waste, is fiber and resin agnostic, and ena-
bles low pressure forming. As such, this method has the potential to be a cost effective alternative to displace metal in the 
manufacture of small parts to lighten DoD platforms.  

Fast non-line-of-sight imaging
Performers on the DARPA REVEAL program were able to reduce the computational burden for non-line-of-sight image re-
construction using a novel problem formulation based on wave diffraction. The method termed Phasor Field Imaging has 
enabled several fast image reconstruction advances, including using up to three orders-of-magnitude less memory than exist-
ing methods. Because memory usage is the current bottleneck for fast reconstruction algorithms, this implementation offers 
the possibility of higher-resolution, real-time, reconstructions than is currently possible with existing hardware. The work has 
resulted in six publications, including one in the journal Nature. 

High-quality regional ionospheric modeling without ground-based sensors
Researchers in the DARPA Space Environment Exploitation (SEE) program have demonstrated that ionospheric forecast er-
rors can be reduced by 50% or more across a large area by incorporating data from commercial radio occultation (RO) satel-
lites. Because RO does not require the presence of ground-based assets, this approach will allow us to better characterize 
the state of the ionosphere above denied or contested territories.  For example, this improved estimate corresponds to about 
a 50% improvement in estimates of usable frequencies and available bandwidth.
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Defining the path for future time-keeping with optical clocks
Performers under DARPA’s PULSE program have demonstrated the most accurate spectroscopic measurement of any opti-
cal atomic transition with a fractional frequency uncertainty of 2.1 x 10-16, a 3x improvement over the state of the art. This 
corresponds to losing only about 100 seconds over the age of the universe (14 billion years) and sets a new accuracy record 
for cesium-referenced measurements of an optical clock (a microwave-referenced optical clock with a microwave local os-
cillator). This achievement represent a significant step toward demonstrating a new generation of microwave-based optical 
atomic clocks that are accurate and robust enough to be used to redefine the official length of a second, which is currently 
based on microwave atomic clocks.  DARPA’s All Together Now (ATN) program used an optical cryogenic silicon reference 
cavity for its optical local oscillator that has 10x better short- and long-term stability over current microwave local oscillators 
combined with an optical atomic reference (Sr optical lattice clock) to demonstrate the first all-optical timescale (local oscil-
lator + atomic reference).  An all-optical atomic clock promises order-of-magnitude improvement in timing error for DoD ap-
plications due to reduced imprecision caused by standard noisy RF components. Progress towards compact, high precision 
timing could enhance PNT capabilities by enhancing the precision and decreasing the update frequency of GPS measure-
ments as well as enabling advanced communication.

DARPA SIGMA+ program completes its first major data collection event in the 
Boston area

With support from Boston Fire and Police Departments, this test allowed performers to understand how prototype sensors 
respond to chemical backgrounds in a complex, urban setting.  Four mobile point sensors and two static stand-off sensors 
participated as well as several technologies to benchmark what the prototype systems measured.  The week-long event 
included intentional releases of acetic acid (from vinegar) and ethanol (from wine) at several fire stations to also help bench-
mark performance.  Data collected during the event will help performers understand and refine sensor performance to enable 
future urban CBRNE threat detection capabilities.
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Distribution Statement “A” (Approved for Public Release, Distribution Unlimited)

Scouts along the Science Frontier
Dr. Philip Root, DSO Deputy Director
To survive in an everchanging world requires rapid reactions and evolutions.  To thrive in this dynamic world requires an 
uncanny ability to predict and proactively adapt.  This year we celebrate forty years of DSO thriving despite the ever-shifting 
world around us.  While change has been perhaps the sole constant for the past forty years, it seems now that even the na-
ture of the change has changed, marked now by an increase in its scope, complexity, and speed.

Futurists such as Kurzweil and Leonhard explain the central challenge to prediction and adaptation is that the human mind 
cannot truly appreciate the exponential curve.  In an age where technical development is marked by exponential progress, it 
is insufficient to make linear predictions.  And while scientific discovery appears to be smoothly exponential from a distance, 
upon further examination it is clear that progress is marked by episodic breakthroughs.  Hence, the art and strategy of DSO 
investments demands a two-fold strategy: first, assessing the larger trends driving technological exponential change and 
second, predicting the sporadic and discontinuous jumps in scientific discovery.  The former comes from DSO’s rigorous ex-
amination of the trends that shape our environment; our success in finding technical discontinuities comes from the strength 
of our interdisciplinary set of program managers.  

The final ingredient essential to this DSO strategy is the filtering of the bottom-up research topics through a top-down lens of 
mission-informed utility to ensure that DSO investments are poised to impact national security.  

An example of this combined top-down, bottom-up, mission-focused thought leadership stemmed from DSO PMs spending 
much of the past year defining a research thrust we call “Undergoverned Spaces.”  These Undergoverned Spaces are regions 
where U.S. competitors exert undesired, external influence seeking to adjust regional equilibria counter to U.S. and allied 
desires.  DSO noted the emergence of these Undergoverned Spaces resulting from the confluence of multiple broad trends to 
include geopolitical events as well as the increasingly connected society.  Importantly, PMs identified areas of social and be-
havioral science, data analytics, and complexity science that are prepared to address these Undergoverned Spaces in novel 
ways unavailable previously.  Expect DSO to exploit and extend multiple scientific domains creating tools for rapid adaptation 
and decision-making within Undergoverned Spaces, ideally resulting in new approaches for these challenging environments.

The Undergoverned Spaces example sheds light not only 
on how DSO derives future research threads but also on 
the vitality of the diverse PMs constituting the office.  The 
diversity of DSO PMs largely defines the span of foresee-
able collaborations and episodic breakthroughs.  We are 
witnessing an organic collaboration between chemists, 
physicists, and algorithmicists exploring novel forms of fu-
ture computing to foster another era of U.S. information 
advantage. Similarly, a diverse set of DSO PMs has identi-
fied broad technical and geopolitical trends indicating that 
hostile environments such as the Arctic and space will 
soon be contested well beyond current predictions; these 
PMs have proposed efforts to exploit and combine specific 
technologies in hierarchical material science, advanced 
manufacturing with precision as-built sensing, and design 
tools for multi-scale structures to create new frontiers for 
U.S. advantage.  This research could enable DoD plat-
forms to both physically evolve and semantically adapt to 
everchanging operational environments.

DSO thrives and is uniquely prepared to serve as “DARPA’s 
DARPA” and scouts for the agency along the scientific fron-
tier. Given that “past performance may not be indicative of 
future results,” we must continue to redefine ourselves as 
we study the exponential technical and geopolitical trends, 
while we simultaneously identify, exploit, and create key 
episodic breakthroughs related to national security. 
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Two former DSO Program Managers, Ira Skurnick and Judah Goldwasser, recently 
passed away.  We are saddened by their deaths and the impact that loss has 
on the world of science.  We offer the following as a way of remembering and 
memorializing them and their contributions during their time in DSO.

Ira Skurnick
DSO PM, March 1981 – September 2005
Ira passed away February 23, 2020. He was 78. Ira was a scientist for the CIA and 
NASA before joining DARPA in 1981, where he was a program manager for 24 years. 
As a DSO PM, Ira’s work focused on Combat Casualty Care (Acoustic Hemostasis for 
Advanced Trauma Care and Non Invasive Blood Gas Monitoring projects), Biomimetics 
(Biological Signal Processing), and BW Defense (Pathogen Genome Sequencing). Ira 
also directed the Defense Science Study Group and served as the DARPA representative 
to the Joint Services Technical Panel for Chemical/Biological Defense.

Ira established the DoD’s first program in non-medical biotechnology (which explored 
unusual physical and chemical properties of biologically-derived materials and studied 
self-assembling quasi-biological structures), initiated DARPA’s early efforts in chemical 
and biological detection which have since been transitioned to the operational environ-
ment, established the first national program in neural net computing, sustained original 
broad-brush efforts in the prevention and treatment of infectious disease, and developed 
novel methodologies for the bioremediation of toxic wastes.

Remembering DSO Alumni Who Are 
No Longer With Us

In Memoriam

Photo from adamsgreen.com

Ralph Chatham
Bob Crowe
Ephrahim Garcia
Michael Gardos
Judah Goldwasser
Matt Goodman
Dennis Healy

Kwan Kwok
Alan Magill
Phil Parrish
Frank Patten
Ira Skurnick
Ben Wilcox

We recognize that we may have missed someone. Please help us make the list more 
complete by emailing dsonews@darpa.mil the name of any other DSO alumni who 
has passed away, so we might recognize him or her in the next DSO Newsletter.
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Judah Goldwasser
DSO PM, June 2007 – September 2015
Judah passed away March 23, 2020. He was 66. His last assignment was with the 
Office of Naval Research – Global in London, UK. As a DSO PM, Judah’s research in-
terests included energetic materials and munitions technologies, the understanding of 
microstructural effects on macroscopic material properties and their exploitation, and 
the control of the continuum response of multifunctional materials for a variety of ap-
plications. 

Judah’s DSO programs included Reactive Metal Structures (RMS) to address the prob-
lem of large parasitic weight associated with penetrating weapons. Soldier Protection 
System (SPS) leveraged breakthroughs in shock physics, materials science, energy con-
version, and armor mechanics to develop energy dissipation/conversion mechanisms for 
improved armor designs and underbody blast mitigation. Extended Solids, which is cap-
turing the impressive properties found in materials formed at extremely high pressures 
and temperatures, focused on pioneering novel ways to achieve these unique material 
structures under conventional processing conditions, thus allowing for commercial pro-
cesses to be used to produce these unique materials.  Under Materials with Controlled 
Microstructural Architecture (MCMA), Judah applied the principles of large scale struc-
tural engineering at the molecular scale to enable the fabrication of material systems with specified properties as well as the 
development of fundamental computational tools to allow the engineering community to take advantage of this approach.  

Judah came to DARPA from the Office of Naval Research, where he was the Program Officer for both energetic materials and 
undersea warheads. While at ONR, Judah initiated and managed both fundamental and applied research programs in high-
performance and insensitive energetics, MEMS-based torpedo safety and arming devices, enhanced performance torpedo 
warhead technologies, and explicit dynamic simulation of target effects to underwater explosions. In addition, he participated 
in a number of multi-Service, Office of the Secretary of Defense, and international S&T initiatives.

Prior to his position at ONR, Judah served as Deputy Technology Area Manager for undersea weaponry at the Office of Naval 
Technology, and as a research chemist at the Naval Surface Warfare Center in White Oak, Maryland.
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DARPA’s Defense Sciences Office (DSO) identi-
fies and pursues high-risk, high-payoff research 
initiatives across a broad spectrum of science and 
engineering disciplines, and transforms them into 
important, new game-changing technologies for 
U.S. national security. Current DSO themes in-
clude Frontiers in Math, Computation & Design, 
Limits of Sensing & Sensors, Complex Social Sys-
tems and Anticipating Surprise.

DSO relies on the greater scientific research com-
munity to help identify and explore ideas that 
could potentially revolutionize the state of the art.

Four ways to make DSO 
aware of your research ideas:
1. Talk to a Program Manager

Program Managers recommend which proposals should 
receive DSO funding.  You may communicate directly 
with one or more of them (see DSO’s website, http://
www.darpa.mil/about-us/offices/dso). E-mails, phone 
calls, or face-to-face meetings allow you to explore 
concepts and ideas and translate them into a substantive 
proposal.

2. Submit a proposal to DSO’s Office-wide 
Broad Agency Announcement (BAA), 
HR001120S0048
The Office-wide BAA is primarily used to fund small, 
short-duration exploratory projects. These small projects 
help DSO determine whether “disbelief” in an idea’s 
plausibility can turn into “mere doubt” – and “mere 
doubt” is often enough to encourage DSO to make a 
larger investment to determine if a scientific or technology 
innovation may be possible. These efforts are typically 
3-9 month projects that answer a specific question and 
involve a very limited number of personnel.  Knowledge 
gleaned from these small projects often lead to the next 
generation of program ideas. See section entitled “DSO’s 
Office-wide Broad Agency Announcement on the next 
page.”

3. Submit a proposal to a program-specific BAA
Exploratory investments that bear fruit and become 
programs will appear as individual program BAAs 
throughout the year. You can search for them on beta.
SAM.gov, grants.gov, the DSO website, or the DARPA 
website under “Solicitations.”

4. Submit a proposal to DSO’s Disruptioneering 
Program Announcement, DARPA-PA-20-01
See section entitled “DSO’s Disruptioneering” on the 
next page.

DARPA’s mission is to make the pivotal early technology investments
that create or prevent technological surprise for U.S. national security
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Doing Business With DSO

http://www.darpa.mil/about-us/offices/dso
http://www.darpa.mil/about-us/offices/dso
https://beta.sam.gov/
https://beta.sam.gov/
https://www.grants.gov/
https://www.darpa.mil/about-us/offices/dso
https://www.darpa.mil/work-with-us/opportunities
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DSO’s Disruptioneering
The pace of discovery in both science and technology is ac-
celerating worldwide, resulting in new fields of study and the 
identification of scientific areas ripe for disruption. In order 
to capitalize on these new opportunities, DARPA’s approach 
to investing must include faster responses with smaller, tar-
geted investments. DSO has successfully addressed this 
concern through use of its Disruptioneering acquisition tech-
nique to make awards in fewer than 90 days after solicita-
tion. 

Targeted special notices called Disruption Opportunities 
(DOs) are issued under the Program Announcement, DAR-
PA-PA-20-01, for each Disruption effort. These DOs focus 
on small, high risk programs within technical domains im-
portant to DSO’s mission. Research topics of interest to DSO 
may be found at http://www.darpa.mil/about-us/offices/dso.  

DSO’s Office-wide Broad 
Agency Announcement
The current DSO Office-wide BAA covers the entire scope of 
DSO’s technical interests for this year and is open for new 
ideas through June 11, 2021.

Please note that the Office-wide BAA does not supersede 
program-specific BAAs. Rather it is intended to fund com-
pletely new ideas not connected with programs that are al-
ready underway or currently soliciting proposals.

The Office-wide BAA offers three different ways to submit 
ideas:  (i) executive summaries (typically no more than two 
pages in length), (ii) abstracts (not to exceed five pages), 
and (iii) full proposals (Read the BAA instructions regarding 
the structure and content of full proposals).  

We recommend you start by submitting an executive sum-
mary (ES), preferably after discussing your ideas with a Pro-
gram Manager. Your ES will be circulated among all the Pro-
gram Managers in DSO, and you will receive feedback letting 
you know if there is any interest.  

If you are not getting a timely response from a Program Man-
ager or have other questions, please contact DSO’s BAA Ad-
ministrator directly at HR001120S0048@darpa.mil.

General Advice for 
Submitting New Ideas to DSO
The “Heilmeier Catechism” is helpful for organizing your 
thoughts.  Developed by Dr. George Heilmeier, Director of 
DARPA from 1975-1977, DARPA has lived by this cate-
chism for decades.  It poses the questions we ask ourselves 
about every new DSO program:

1. What are you trying to do?
2. How is it done today and who does it? What are the 

limitations of the present approaches?
3. What is new about our approach, and why do we 

think it will succeed?
4. If we succeed, what difference will it make?
5. How long do we think it will take? 
6. What are our mid-term and final exams? 
7. How much will it cost?

Initially, we recommend you focus on the first four to help 
define and scope your proposed research. In addition, we 
will ask you, “Why DARPA?  Why DSO?  Why now?” These 
questions of relevance come up every day in conversations 
at DARPA.

Above all, please read the BAA. If you have questions about 
the BAA, contact the Office-wide BAA Administrator at  
HR001120S0048@darpa.mil.
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