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Research Support
MIT has historically viewed teaching and research as
inseparable parts of its academic mission. Therefore,
the Institute recognizes its obligation to encourage
faculty to pursue research activities that hold the
greatest promise for intellectual advancement. MIT
maintains one of the most vigorous programs of
research of any university and conducts basic and
applied research principally at two Massachusetts
locations, the MIT campus in Cambridge and MIT
Lincoln Laboratory, a federally funded research and
development center in Lexington.
MIT pioneered the federal/university research
relationship, starting in World War II. Initially called
upon by the federal government to serve the national
war effort, that relationship has continued into the
present day, helping MIT fulfill its original mission of
serving the nation and the world.

Research Expenditures (MIT FY2017)
Cambridge Campus
$719.5 million
Lincoln Laboratory*
$971.3 million
SMART*
$33.3 million
Total
$1,724.1 million

*Totals do not include research performed by campus laboratories for Lincoln Laboratory and Singapore-MIT Alliance for
Research and Technology (SMART).

All federal research on campus is awarded competitively based on the scientific and technical merit of
the proposals. As of June 30, 2017, there were 2,967
active awards and 426 unique consortium sponsors.
Research activities range from individual projects to
large-scale, collaborative, and sometimes international endeavors. Peer-reviewed research accomplishments form a basis for reviewing the qualifications of
prospective faculty appointees and for evaluations
related to promotion and tenure decisions.
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Index for all Urban Consumers weighted with fiscal year 2017 equaling 100.
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Campus Research
The Institute provides the faculty with the infrastructure and support necessary to conduct research,
much of it through contracts, grants, and other
arrangements with government, industry, and foundations. The Office of Sponsored Programs provides
central support related to the administration of sponsored research programs, and it assists faculty, other
principal investigators, and their local administrators
in managing and identifying resources for individual
sponsored projects. In addition, a Research Council—
which is chaired by the Vice President for Research
and composed of the heads of all major research
laboratories and centers that report to the Vice President for Research—addresses research policy and
administration issues.

The Resource Development Office is available to work
with faculty to generate proposals for foundation or
other private support.
The Institute sees profound merit in a policy of open
research and free interchange of information among
scholars. At the same time, MIT is committed to
acting responsibly and ethically in all its research
activities. As a result, MIT has policies related to the
suitability of research projects, research conduct,
sources of support, use of human subjects, sponsored programs, relations with intelligence agencies,
the acquisition of art and artifacts, the disposition
of equipment, and collaborations with researchoriented industrial organizations. These policies are
spelled out on the Policies and Procedures website
and on the Office of Sponsored Programs website.

Campus Research Expenditures and Faculty
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MIT subsidizes virtually every research grant that it
receives, even when the grant includes full indirect
costs because federal funding formulas never cover
the full cost of research.
Research proposal budgets include direct and indirect
costs. Direct costs are easily attributable to individual
grants and include summer salary support for faculty
(when they get no university salary), salaries for
research staff and postdocs working on the project,
stipends for graduate students assigned to the grant,
laboratory supplies, certain research equipment
including computers, and travel and publication costs.
Indirect costs (IDC), also known as the F&A (facilities
and administrative) rate, represent genuine costs of
performing research that are not easily attributable
to individual grants. Think of these charges as applying to things that wouldn’t need to exist or be used as
extensively if MIT didn’t conduct research. Examples
include depreciation of research equipment and
buildings, laboratory utilities (heat/cooling, power),
hazardous chemical management, insurance, administrative services, internet, and compliance with
federal, state, and local regulations. Note that only
resources utilized for federally funded research are
counted. The federal government partially reimburses
universities for these expenses.
Since most faculty are paid in full by the Institute during the academic year, their participation in research
during this time is supported by MIT.

MIT’s indirect cost rate for FY2017 was 54.7% and for
FY2018 it is 59.0%. This rate is set through Uniform
Guidance 2 CFR 200, whereby universities calculate
their actual indirect costs based on previous years
and apportion them to various activities—research,
instruction, or other. MIT’s rates are negotiated with,
and audited each year by the federal government, and
rates are applied only to those direct costs that are
subject to F&A reimbursement.
The easiest way to think about indirect costs, illustrated in Figure 1, is to understand how the average
federal research dollar is spent at MIT. For a 54.7% indirect cost rate (FY17), 71 cents of every MIT research
dollar goes to direct costs and 29 cents goes to indirect, or F&A costs. Figure 1 shows breakdowns within
these categories and illustrates that a 54.7% indirect
cost rate does not mean that 54.7 cents of every
research dollar goes to indirect costs. It is 29 cents,
because the rate is a fraction applied to the allowable
direct costs and then added to the total direct costs.
In 1991, the government implemented a cap of 26%
on the total negotiated F&A rate for administrative
costs. MIT has historically been under this cap, with a
current rate of 21%.
Whenever a sponsor pays less than full F&A, it generates under-recovery. Some institutions do not accept grants unless they carry full indirect costs, some
write off the differential, and MIT, almost uniquely,
identifies internal funds to cover the difference.

Figure 1. The MIT "Dollar Bill" that graphically explains how every dollar of an MIT federal
research grant in FY17 is apportioned between direct and indirect costs.

64

MIT Briefing Book

Campus Research
Campus Research Sponsors

It is important, though, when comparing indirect cost
rates among research sponsors to be sure there is an
“apples-to-apples” comparison. Many foundations,
for example, categorize some expenses as direct costs
that the federal government labels as indirect. As a
result, foundations are often paying a higher percentage of research costs than is apparent just by looking
at their rates. Also, foundations generally negotiate
a separate rate for each grant rather than having a
standard rate for an institution. This would be an
impossible burden for the federal government, which
provides far more grants.

The tables and charts for campus research expenditures below, and on the following pages, show the
amount MIT expended by fiscal year (July 1–June
30). These figures do not include expenditures for
MIT Lincoln Laboratory. Information for Lincoln
Laboratory begins on page 83. Expenditures funded
by industrial sponsors are shown on page 99 in the
MIT and Industry section. Federal research expenditures include all primary contracts and grants, including sub-awards from other organizations where the
federal government is the original funding source.

Campus Research Expenditures (in thousands of U.S. Dollars)*
Fiscal Years 2008–2017
Federal

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

369,009

381,459

430,154

469,521

472,583

465,947

454,939

459,979

477,169

461,626

Non-federal

132,487

158,596

184,216

191,305

208,497

208,402

223,473

236,912

250,985

257,880

Total

501,496

540,055

614,371

660,825

681,079

674,348

678,412

696,891

728,154

719,506

Constant dollars†

574,827

610,501

687,854

725,300

726,252

707,302

700,621

714,504

741,548

719,506
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*Campus based Broad Institute research expenditures are excluded.
†Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2017 equaling 100.
‡National Institutes of Health data includes expenditures from other Department of Health and Human Services agencies which account for less
than 2% of expenditures per year.
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Recent Research Highlights

LIGO and Virgo make first detection of gravitational
waves produced by colliding neutron stars
For the first time, scientists have directly detected
gravitational waves—ripples in space-time—in
addition to light from the spectacular collision of
two neutron stars. This marks the first time that a
cosmic event has been viewed in both gravitational
waves and light. The discovery was made using the
U.S.-based Laser Interferometer Gravitational-Wave
Observatory (LIGO); the Europe-based Virgo detector;
and some 70 ground- and space-based observatories.
Neutron stars are the smallest, densest stars known
to exist and are formed when massive stars explode
in supernovas. As these neutron stars spiraled
together, they emitted gravitational waves that
were detectable for about 100 seconds; when they
collided, a flash of light in the form of gamma rays
was emitted and seen on Earth about two seconds
after the gravitational waves. In the days and weeks
following the smashup, other forms of light, or electromagnetic radiation—including X-ray, ultraviolet,
optical, infrared, and radio waves—were detected.
The NSF-funded LIGO observatories were conceived,
constructed, and operated by Caltech and MIT. Virgo
is funded by the Istituto Nazionale di Fisica Nucleare
(INFN) in Italy and the Centre National de la Recherche
Scientifique (CNRS) in France, and operated by the
European Gravitational Observatory.
http://bit.ly/2nPeg0F
Scientists unveil CRISPR-based diagnostic platform
A team of scientists from MIT and Harvard has
adapted a CRISPR protein that targets RNA (rather
than DNA), for use as a rapid, inexpensive, highly
sensitive diagnostic tool with the potential to transform research and global public health.
In a study published in Science, Broad Institute
members Feng Zhang, Jim Collins, Deb Hung, Aviv
Regev, and Pardis Sabeti describe how this RNAtargeting CRISPR enzyme was harnessed as a highly
sensitive detector—able to indicate the presence of
as little as a single molecule of a target RNA or DNA.
Co-first authors Omar Abudayyeh and Jonathan
Gootenberg, graduate students at MIT and Harvard,
respectively, dubbed the new tool SHERLOCK
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(Specific High-sensitivity Enzymatic Reporter
unLOCKing); this technology could one day be used
to respond to viral and bacterial outbreaks, monitor
antibiotic resistance, and detect cancer.
Because the tool can be designed for use as a paperbased test that does not require refrigeration, the
researchers say it is well-suited for fast deployment
and widespread use inside and outside of traditional
settings—such as at a field hospital or a rural clinic.
http://bit.ly/2pBgvnf
Wearable system helps visually impaired
users navigate
Researchers from MIT’s Computer Science and Artificial Intelligence Laboratory (CSAIL) have developed
a new system that uses a 3D camera, a processing
unit that runs the team’s proprietary algorithms, a
belt with separately controllable vibrational motors
distributed around it, and an electronically reconfigurable Braille interface to give visually impaired users
more information about their environments.
The key to the system is an algorithm for identifying
surfaces and their orientations from the 3D-camera
data. That data is processed to send signals to the
belt motors which can vary the frequency, intensity,
and duration of their vibrations, to send different
types of tactile signals to the user to indicate that the
wearer is approaching an obstacle or target in the
direction indicated by that particular motor.
http://bit.ly/2qPltBV
MIT researchers create new form of matter
MIT physicists, led by Wolfgang Ketterle, have
created a new form of matter, a supersolid, which
combines the properties of solids with those of
superfluids. By using lasers to manipulate a superfluid
gas known as a Bose-Einstein condensate, the team
was able to coax the condensate into a quantum
phase of matter that has a rigid structure—like a
solid—and can flow without viscosity—a key characteristic of a superfluid. Studies into this apparently
contradictory phase of matter could yield deeper
insights into superfluids and superconductors, which
are important for improvements in technologies such
as superconducting magnets and sensors, as well as
efficient energy transport.
http://bit.ly/2mmfYax
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Campus Research Expenditures by Primary Sponsor*

Campus Research Expenditures by Primary Sponsor
Primary Sponsor
Department of Defense
Department of Energy
National Institutes of Health†
NASA
National Science Foundation
All other federal
Total Federal
Industry
Foundations and other nonprofit
State, local, and foreign governments
MIT internal
Total Non-Federal
Campus Total

FY2017
(In U.S. Dollars)

Percent of
Campus Total

130,371,698
82,156,884
111,834,707
39,808,538
80,410,343
17,043,458
461,625,628
132,914,760
86,752,718
25,686,098
12,526,667
257,880,243
719,505,872

18
11
16
6
11
2
64
18
12
4
2
36
100

*Campus based Broad Institute research expenditures are excluded.
†National Institutes of Health data includes expenditures from other Department of Health and Human Services agencies, which account for
less than 2% of expenditures per year.
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Department of Defense (DoD)
Selected projects funded by the DoD
Engineers 3D print a “living tattoo”
MIT engineers have devised a 3D printing technique
that uses a new kind of ink made from genetically
programmed living cells. The cells are engineered
to light up in response to a variety of stimuli. When
mixed with a slurry of hydrogel and nutrients, the
cells can be printed, layer by layer, to form threedimensional, interactive structures and devices.
The team has demonstrated its technique by printing
a “living tattoo”—a thin, transparent patch patterned
with live bacteria cells in the shape of a tree. Each
branch of the tree is lined with cells sensitive to a
different chemical or molecular compound. When the
patch is adhered to skin that has been exposed to the
same compounds, corresponding regions of the tree
light up in response.
The researchers, led by Xuanhe Zhao and Timothy
Lu, say that their technique can be used to fabricate
“active” materials for wearable sensors and interactive displays. Such materials can be patterned with live
cells engineered to sense environmental chemicals and
pollutants as well as changes in pH and temperature.
Zhao, Lu, and their colleagues have published their
results in Advanced Materials. This research was
supported, in part, by the Office of Naval Research,
National Science Foundation, National Institutes of
Health, and MIT Institute for Soldier Nanotechnologies.
http://bit.ly/2kskJ3o
Synthetic circuits can harvest light energy
By organizing pigments on a DNA scaffold, an MIT-led
team of researchers has designed a light-harvesting
material that closely mimics the structure of naturally
occurring photosynthetic structures. The researchers
showed that their synthetic material can absorb light
and efficiently transfer its energy along precisely
controlled pathways. This type of structure could be
incorporated into materials such as glass or textiles,
enabling them to harvest or otherwise control
incoming energy from sunlight, says Mark Bathe.
“This is the first demonstration of a purely synthetic
mimic of a natural light-harvesting circuit that
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consists of densely packed clusters of dyes that are
precisely organized spatially at the nanometer scale,
as found in bacterial systems,” Bathe says.
Bathe is one of the senior authors of the study, with
Alan Aspuru-Guzik at Harvard University, and Hao
Yan at Arizona State University. The paper appears in
Nature Materials.
The research was funded by the U.S. Department of
Defense’s Multidisciplinary University Research Initiative, the U.S. Department of Energy through MIT’s
Center for Excitonics, the Office of Naval Research,
a Smith Family Graduate Science and Engineering
Fellowship, and the Natural Sciences and Engineering
Research Council of Canada.
http://bit.ly/2iSrM0Y
Hacking functional fabrics to aid emergency response
Hazardous environments such as disaster sites and
conflict zones present many challenges for emergency response. The new field of functional fabrics—
materials modified to incorporate various sensors, or
serve multiple purposes, among other things—holds
promise for novel solutions. A three-day hackathon on campus brought together students and
researchers from MIT and around Boston to solve
major issues facing soldiers in combat or training,
first responders, victims and workers in refugee
camps, and many others. The event was hosted by
the MIT Innovation Initiative, the Advanced Functional Fabrics of America (AFFOA) Institute, a consortium of which MIT is a partner, and MD5, a partnership between the U.S. Department of Defense and a
network of national research universities.
On Friday night, hackathon participants listened to
talks from various experts—including military officers,
and first responders—who described major challenges
they face in their fields. Participants brainstormed
solutions, pitched their ideas to all attendees, and
ultimately formed a total of 22 teams. Experts and
mentors were on hand all weekend to help teams
shape their ideas. (Some experts also joined individual teams.) On Sunday, a panel of judges—including
representatives from industry, AFFOA, and MIT—chose
10 teams as finalists to pitch ideas, with two teams
emerging as the big winners.
http://bit.ly/2u1iiIV
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Department of Defense Campus Research Expenditures (in U.S. Dollars)
Fiscal Years 2013–2017
2013

2014

2015

2016

2017

Campus research

127,966,747

122,761,059

125,853,521

131,624,119

130,371,698

Constant dollars*

134,220,240

126,779,934

129,034,294

134,045,305

130,371,698
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*Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2017 equaling 100.

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2017

In fall 2016, the Department of Defense funded the
primary appointments of graduate students with 312
research assistantships and 74 fellowships.

Research Laboratory of Electronics
Computer Science and Artificial
Intelligence Laboratory
Biological Engineering
Mechanical Engineering
Institute for Soldier Nanotechnologies
Koch Institute for Integrative Cancer Research
Chemical Engineering
Aeronautics and Astronautics
Lab for Information and Decision Systems
Materials Processing Center

Thirty current faculty and staff have received the
Office of Naval Research Young Investigator
Program Award.

(Shown in descending order of expenditures)
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Department of Energy (DoE)
Selected projects funded by the DoE
Engineers create plants that glow
Imagine that instead of switching on a lamp when
it gets dark, you could read by the light of a glowing
plant on your desk. MIT engineers have taken a critical first step toward making that vision a reality. By
embedding specialized nanoparticles into the leaves
of a watercress plant, they induced the plants to give
off dim light for nearly four hours. They believe that,
with further optimization, such plants will one day be
bright enough to illuminate a workspace.
Michael Strano is the senior author of the study.
Postdoc Seon-Yeong Kwak is the lead author of the
study, which appears in the journal Nano Letters.
For future versions of this technology, the researchers hope to develop a way to paint or spray the
nanoparticles onto plant leaves, which could make
it possible to transform trees and other large plants
into light sources.
“Our target is to perform one treatment when the
plant is a seedling or a mature plant, and have it last
for the lifetime of the plant,” Strano says. “Our work
very seriously opens up the doorway to streetlamps
that are nothing but treated trees, and to indirect
lighting around homes.”
http://bit.ly/2ylkske
Making renewable power more viable for the grid
Wind and solar power are increasingly popular
sources for renewable energy. But intermittency issues keep them from connecting widely to the U.S.
grid: They require energy-storage systems that, at
the cheapest, run about $100 per kilowatt hour and
function only in certain locations.
MIT researchers have developed an “air-breathing”
battery that could store electricity for very long durations for about one-fifth the cost of current technologies, with minimal location restraints and zero emissions. The battery could be used to make sporadic
renewable power a more reliable source of electricity
for the grid.
For its anode, the rechargeable flow battery uses
cheap, abundant sulfur dissolved in water. An aerated
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liquid salt solution in the cathode continuously takes
in and releases oxygen that balances charge as ions
shuttle between the electrodes. Oxygen flowing into
the cathode causes the anode to discharge electrons to
an external circuit. Oxygen flowing out sends electrons
back to the anode, recharging the battery.
“This battery literally inhales and exhales air, but
it doesn’t exhale carbon dioxide, like humans—it
exhales oxygen,” says Yet-Ming Chiang, co-author of a
paper describing the battery in the journal Joule.
The battery’s total chemical cost is about 1/30th the
cost of competing batteries, such as lithium-ion batteries. Scaled-up systems could be used to store electricity from wind or solar power, for multiple days to
entire seasons, for about $20 to $30 per kilowatt hour.
http://bit.ly/2zgCd5I
Water, water everywhere … even in the air
Severe water shortages already affect many regions
around the world. A new technology developed by
scientists at MIT and University of California at Berkeley could provide a way of obtaining clean, fresh water
by drawing water directly from moisture in the air
even in the driest of locations. They have developed
a completely passive system that is based on a foamlike material that draws moisture into its pores and is
powered entirely by solar heat.
The findings are reported in the journal Science by a
team including Evelyn Wang, postdoc Sameer Rao,
graduate student Hyunho Kim, research scientists
Sungwoo Yang and Shankar Narayanan (currently
at Rensselaer Polytechnic Institute), and alumnus
Ari Umans SM ’15. The Berkeley co-authors include
graduate student Eugene Kapustin, project scientist
Hiroyasu Furukawa, and professor Omar Yaghi.
The key lies in material invented by Yaghi two decades
ago. The material forms a kind of sponge-like configuration that can be made water-attracting. When it is
placed between a top surface that absorbs solar heat,
and a lower surface that is kept at the same temperature as the outside air, water is released from the
pores as vapor and is naturally driven by the temperature and concentration difference to drip down as
liquid and collect on the cooler lower surface.
http://bit.ly/2oIVxpB
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Department of Energy Campus Research Expenditures (in U.S. Dollars)
Fiscal Years 2013–2017
2013

2014

2015

2016

2017

Campus research

88,987,983

88,450,656

81,528,299

84,419,109

82,156,884

Constant dollars*

93,336,657

91,346,298

83,588,813

85,971,974

82,156,884
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*Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2017 equaling 100.

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2017

In fall 2016, the Department of Energy funded the
primary appointments of graduate students with 188
research assistantships and 9 fellowships.

Plasma Science and Fusion Center
Laboratory for Nuclear Science
Mechanical Engineering
Nuclear Science and Engineering
Materials Processing Center
Chemical Engineering
Research Laboratory of Electronics
Nuclear Reactor Laboratory
Materials Science and Engineering
Civil and Environmental Engineering

Twenty-five current faculty have received the Department of Energy Outstanding Junior Investigator
award or Early Career Research Program Award.

(Shown in descending order of expenditures)
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National Institutes of Health (NIH)
Selected projects funded by NIH
Next-generation optogenetic molecules control
single neurons
Researchers at MIT and Paris Descartes University
have developed a new optogenetic technique that
sculpts light to target individual cells bearing engineered light-sensitive molecules, so that individual
neurons can be precisely stimulated.
Until now, it has been challenging to use optogenetics
to target single cells with such precise control over
both the timing and location of the activation. The
new technique relies on a new type of light-sensitive
protein that can be embedded in neuron cell bodies,
combined with holographic light-shaping that can
focus light on a single cell. Using this technique, the
researchers were able to stimulate single neurons
in brain slices and then measure the responses from
cells that are connected to that cell. This paves the
way for possible diagramming of the connections
of the brain, and analyzing how those connections
change in real time as the brain performs a task or
learns a new skill.
Ed Boyden and Valentina Emiliani, at France’s
National Center for Scientific Research (CNRS) and
Neurophotonics Laboratory at Paris Descartes
University, are the senior authors of the study, which
appears in Nature Neuroscience. The lead authors
are postdoc Or Shemesh and CNRS postdocs Dimitrii
Tanese and Valeria Zampini.
The research was funded by the National Institutes of
Health, France’s National Research Agency, the Simons
Foundation for the Social Brain, the Human Frontiers
Science Program, John Doerr, the Open Philanthropy
Project, the Howard Hughes Medical Institute, and the
Defense Advanced Research Projects Agency.
http://bit.ly/2EQrbGz
Researchers engineer CRISPR to edit single RNA
letters in human cells
The Broad Institute and MIT scientists have engineered a new molecular system for efficiently
editing RNA in human cells. RNA editing, which can
alter gene products without making changes to the
genome, has profound potential as a tool for both
research and disease treatment.
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In a paper published in Science, senior author Feng
Zhang and his team describe the new CRISPR-based
system, called RNA Editing for Programmable A to I
Replacement, or “REPAIR.” The system can change
single RNA nucleotides in mammalian cells in a
programmable and precise fashion. REPAIR has the
ability to reverse disease-causing mutations at the
RNA level, as well as other potential therapeutic and
basic science applications.
REPAIR has the ability to target individual RNA letters,
or nucleosides, switching adenosines to inosines (read
as guanosines by the cell). These letters are involved in
single-base changes known to regularly cause disease
in humans. In human disease, a mutation from G to
A is extremely common; these alterations have been
implicated in, for example, cases of focal epilepsy and
Parkinson’s disease. REPAIR has the ability to reverse
the impact of any pathogenic G-to-A mutation regardless of its surrounding nucleotide sequence, with the
potential to operate in any cell type.
This research was funded, in part, by the National
Institutes of Health and the Poitras Center for Affective
Disorders Research.
http://bit.ly/2hlboWR
Engineered liver tissue expands after transplant
Many diseases, including cirrhosis and hepatitis, can
lead to liver failure. More than 17,000 Americans
suffering from these diseases are now waiting for liver
transplants, but significantly fewer livers are available.
To help address that shortage, researchers at MIT,
Rockefeller University, and Boston University have
developed a new way to engineer liver tissue, by
organizing tiny subunits that contain three types of
cells embedded into a biodegradable tissue scaffold. In a study of mice with damaged livers, the
researchers found that after being implanted in the
abdomen, the tiny structures expanded 50-fold and
were able to perform normal liver tissue functions.
These engineered livers could also help the millions
of people who suffer from chronic liver disease but
don’t qualify for a liver transplant, says Sangeeta
Bhatia, the senior author of the study, which appears
in Science Translational Medicine.
http://bit.ly/2uDuHCh
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National Institutes of Health Campus Research Expenditures (in U.S. Dollars)*
Fiscal Years 2013–2017
2013

2014

2015

2016

2017

Campus research

119,908,451

115,074,564

116,469,457

113,562,813

111,834,707

Constant dollars†

125,768,149

118,841,802

119,413,061

115,651,767

111,834,707

Res earch Expenditures i n Millions
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*Campus based Broad Institute research expenditures are excluded. National Institutes of Health data includes expenditures from other Department
of Health and Human Services agencies which account for less than 2% of expenditures per year.
†Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2017 equaling 100.

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2017

In fall 2016, the National Institutes of Health funded the
primary appointments of graduate students with 157
research assistantships and 26 fellowships.

Koch Institute for Integrative Cancer Research
Biology
Biological Engineering
McGovern Institute for Brain Research
Picower Institute for Learning and Memory
Chemistry
Institute for Medical Engineering and Science
Center for Environmental Health Sciences
Computer Science and Artificial
Intelligence Laboratory
Plasma Science and Fusion Center

Seven current faculty have received the NIH Director’s
Pioneer Award. The recipients are Edward Boyden,
Emery Brown, Arup Chakraborty, James Collins, Nancy
Kanwisher, Aviv Regev, and Feng Zhang.

(Shown in descending order of expenditures)
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NASA
Selected projects funded by NASA
Scientists detect comets outside our solar system
Scientists from MIT and other institutions, working
closely with amateur astronomers, have spotted the
dusty tails of six exocomets—comets outside our
solar system—orbiting a faint star 800 light years
from Earth. These cosmic balls of ice and dust, which
were about the size of Halley’s Comet and traveled
about 100,000 miles per hour before they ultimately
vaporized, are some of the smallest objects yet found
outside our own solar system.
The discovery marks the first time that an object
as small as a comet has been detected using transit
photometry, a technique by which astronomers
observe a star’s light for telltale dips in intensity. Such
dips signal potential transits, or crossings of planets
or other objects in front of a star, which momentarily
block a small fraction of its light.
In the case of this new detection, the researchers
were able to pick out the comet’s tail, or trail of
gas and dust, which blocked about one-tenth of 1
percent of the star’s light as the comet streaked by.
Saul Rappaport and his team have published their
results in the Monthly Notices of the Royal
Astronomical Society. The paper’s co-authors are
Andrew Vanderburg of the Harvard-Smithsonian
Center for Astrophysics; several amateur astronomers including Thomas Jacobs of Bellevue, Washington; and researchers from the University of Texas
at Austin, NASA’s Ames Research Center, and
Northeastern University.
This research made use of data collected by the
Kepler mission, funded by the NASA Science
Mission directorate.
http://bit.ly/2FK3L6G
Tiny terahertz laser could be used for imaging,
chemical detection
Terahertz radiation has promising applications in
medical and industrial imaging and chemical detection. But many of those applications depend on
small, power-efficient sources of terahertz rays, and
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the standard method for producing them involves a
bulky, power-hungry, tabletop device.
For more than 20 years, Qing Hu and his group have
been working on sources of terahertz radiation that
can be etched onto microchips. In Nature Photonics,
members of Hu’s group and colleagues at Sandia
National Laboratories and the University of Toronto
describe a novel design that boosts the power output
of chip-mounted terahertz lasers by 80 percent.
The researchers’ design is a new variation on a device
called a quantum cascade laser with distributed feedback. Until now, however, the device has had a major
drawback, which is that it naturally emits radiation in
two opposed directions. Graduate student Ali Khalatpour, first author on the paper, and his colleagues
found a way to redirect 80 percent of the light that
usually exits the back of the laser, so that it travels in
the desired direction.
http://bit.ly/2wDJRVf
TESS mission to discover new planets moves
toward launch
A NASA mission designed to explore the stars in
search of planets outside of our solar system is a
step closer to launch, now that its four cameras have
been completed by researchers at MIT. The Transiting
Exoplanet Survey Satellite (TESS), due to launch in
2018, will travel through space, identifying more than
20,000 extrasolar planets.
During its two-year mission, TESS, which is being led
by MIT and managed by NASA’s Goddard Space Flight
Center, will monitor the brightness of more than
200,000 stars. It will search for temporary drops in
brightness caused by an exoplanet passing in front of
its host star, as viewed from Earth.
The satellite’s four cameras, developed by MIT
researchers, are equipped with large-aperture
wide-angle lenses designed to survey the entire sky.
Each camera consists of a lens assembly containing
seven optical elements and a detector with four
charge-coupled device (CCD) sensor chips. The overall
process of designing, fabricating, and testing the
cameras at MIT has taken four years to complete.
http://bit.ly/2fwqh7w
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NASA Campus Research Expenditures (in U.S. Dollars)
Fiscal Years 2013–2017
2013

2014

2015

2016

2017

Campus research

29,834,713

32,062,601

41,739,692

49,663,884

39,808,538

Constant dollars*

31,292,679

33,112,246

42,794,604

50,577,436

39,808,538
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*Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2017 equaling 100.

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2017
(Shown in descending order of expenditures)

In fall 2016, NASA funded the primary appointments
of graduate students with 44 research assistantships
and 19 fellowships.

Kavli Institute for Astrophysics and Space Research
Earth, Atmospheric and Planetary Sciences
Aeronautics and Astronautics
Haystack Observatory
Center for Global Change Science
Civil and Environmental Engineering
Research Laboratory of Electronics
Media Laboratory
Mechanical Engineering
Computer Science and Artificial
Intelligence Laboratory
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National Science Foundation (NSF)
Selected projects funded by NSF
Researchers develop flexible, stretchable
photonic devices
Researchers at MIT and several other institutions
have developed a method for making photonic
devices—similar to electronic devices but based
on light rather than electricity—that can bend and
stretch without damage. The devices could find uses
in cables to connect computing devices, or in diagnostic and monitoring systems that could be attached
to the skin or implanted in the body, flexing easily
with the natural tissue.
Instead of using flexible materials, Hu and his team
formed the stiff material—in this case a thin layer of
a type of glass called chalcogenide—into a springlike coil. The architecture of this glass coil allows it to
stretch and bend freely while maintaining its desirable
optical properties. This research is still in early stages.
The findings are described in a paper by Juejun Hu
and more than a dozen others at MIT, the University of Central Florida, and universities in China
and France. The paper is slated for publication
in Light: Science and Applications. The research
team also included Jing Kong, postdocs Lan Li and
Hongtao Lin, and others at the University of Texas,
Xiamen University and Chongqing University in
China, Universite Paris-Sud in France, the University of Southampton in the UK, and the University
of Central Florida. The work was supported by the
National Science Foundation and made use of the
MIT Microsystems Technology Laboratories.
http://bit.ly/2yNffqo
“Superhero” robot wears different outfits for
different tasks
Despite what you might have seen in “Transformers”
movies, today’s robots are still pretty inflexible. Each
of their parts usually has a fixed structure and a
single defined purpose, making it difficult for them to
perform a wide variety of actions. Researchers from
MIT’s Computer Science and Artificial Intelligence
Laboratory (CSAIL) are aiming to change that with a
new shape-shifting robot that’s something of a superhero: It can transform itself with different “outfits”
that allow it to perform different tasks.
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Dubbed “Primer,” the cube-shaped robot can be
controlled via magnets to make it walk, roll, sail, and
glide. It carries out these actions by wearing different
exoskeletons, which start out as sheets of plastic that
fold into specific shapes when heated. After Primer
finishes its task, it can shed its “skin” by immersing
itself in water, which dissolves the exoskeleton.
Primer can even wear multiple outfits at once.
The project was led by Daniela Rus and former CSAIL
postdoc Shuhei Miyashita. Their co-authors include
postdoc Shuguang Li and graduate student Steven
Guitron. An article about the work appears in the
journal Science Robotics. This project was supported,
in part, by the National Science Foundation.
http://bit.ly/2xDaH4y
Rising temperatures are curbing ocean’s capacity to
store carbon
If there is anywhere for carbon dioxide to disappear
in large quantities from the atmosphere, it is into the
Earth’s oceans. There, huge populations of plankton
can soak up carbon dioxide from surface waters as a
part of photosynthesis. When plankton die, they sink,
taking with them the carbon that was once in the
atmosphere, and stashing it in the deep ocean. The
oceans, therefore, have served as a natural sponge
in removing greenhouse gases from the atmosphere,
helping to offset the effects of climate change.
MIT climate scientists have found that the ocean’s
export efficiency, or the fraction of total plankton
growth that is sinking to its depths, is decreasing, due
mainly to rising global temperatures. In a new study
published in Limnology and Oceanography Letters,
the scientists calculate that, over the past 30 years,
as temperatures have risen worldwide, the amount
of carbon that has been removed and stored in the
deep ocean has decreased by 1.5 percent.
“We figured the amount of carbon that is not sinking
out as a result of global temperature change is
similar to the total amount of carbon emissions that
the United Kingdom pumps into the atmosphere
each year,” says first author, graduate student B.B.
Cael. Co-authors on the paper are Kelsey Bisson of
the University of California at Santa Barbara and
Mick Follows.
http://bit.ly/2stEDub
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National Science Foundation Campus Research Expenditures (in U.S. Dollars)
Fiscal Years 2013–2017
2013

2014

2015

2016

2017

Campus research

79,255,278

78,978,705

78,952,919

82,160,804

80,410,343

Constant dollars*

83,128,333

81,564,260

80,948,344

83,672,128

80,410,343
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*Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2017 equaling 100.

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2017
(Shown in descending order of expenditures)

Computer Science and Artificial
Intelligence Laboratory
Research Laboratory of Electronics
Biological Engineering
Earth, Atmospheric and Planetary Sciences
McGovern Institute for Brain Research
Kavli Institute for Astrophysics and Space Research
Mechanical Engineering
Haystack Observatory
Mathematics
Chemistry

In fall 2016, the National Science Foundation (NSF)
funded the primary appointments of graduate
students with 263 research assistantships. In the
2016–2017 academic year, NSF supported, at least in
part, 273 students through fellowships.
The National Science Foundation has awarded
Faculty Early Career Development (CAREER) Awards
to 166 current faculty and staff members.
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Other Federal Agencies
Selected projects funded by other federal agencies
Study: Low-emissions vehicles are less
expensive overall
You might think cars with low carbon emissions are
expensive. Think again. A study published by MIT
researchers shows that when operating and maintenance costs are included in a vehicle’s price, autos
emitting less carbon are among the market’s least
expensive options, on a per-mile basis.
The study also evaluates the U.S. automotive fleet—
as represented by 125 model types—against emissions-reduction targets the U.S. has set for the years
from 2030 to 2050. Overall, the research finds, the
average carbon intensity of vehicles that consumers
bought in 2014 is more than 50 percent higher than
the level it must meet to help reach the 2030 target.
However, the lowest-emissions autos have surpassed
the 2030 target.
The paper was published in the journal Environmental
Science and Technology. Jessika Trancik is the study’s
senior author. The authors of the study are doctoral
students Marco Miotti and Ella Kim, and postdoc
Geoffrey Supran PhD ‘16.
The research group also released the results in the
form of an app, CarbonCounter, that consumers can
use to evaluate any or all of the 125 vehicle types.
The team developed the app to reach a wider
audience with which people can look up their current
car, or a car they are considering buying or leasing,
and see how it performs in terms of costs and
carbon emissions.
On a national basis, the study reinforces the need to
continue modernizing the country’s vehicle fleet and
decarbonizing it in the next few decades.
http://bit.ly/2cZv6ak

Climate change to deplete some U.S. water basins,
reduce irrigated crop yields
A study by MIT climate scientists, economists, and
agriculture experts finds that certain hotspots in
the country will experience severe reductions in
crop yields by 2050, due to climate change’s impact
on irrigation.
The most adversely affected region, according to the
researchers, will be the Southwest. Already a waterstressed part of the country, this region is projected
to experience reduced precipitation by midcentury.
Less rainfall to the area will mean reduced runoff into
water basins that feed irrigated fields.
Production of cotton, the primary irrigated crop in
the Southwest and in southern Arizona in particular,
will drop to less than 10 percent of the crop yield
under optimal irrigation conditions, the study
projects. Similarly, maize grown in Utah, now only
yielding 40 percent of the optimal expected yield, will
decrease to 10 percent with further climate-driven
water deficits. In the Northwest, water shortages to
the Great Basin region will lead to large reductions in
irrigated forage, such as hay, grasses, and other crops
grown to feed livestock. In contrast, the researchers
predict a decrease in water stress for irrigation in the
southern Plains, which will lead to greater yields of
irrigated sorghum and soybean.
If efforts are made to reduce greenhouse gases and
mitigate climate change, the researchers find that
water scarcity and its associated reductions in cotton
and forage can be avoided.
Research scientist, and first author, Elodie Blanc’s
study appears in the journal Earth’s Future. Her
co-authors are Erwan Monier, a principal research
scientist; Justin Caron of HEC Montreal; and Charles
Fant, a former MIT postdoc.
In predicting how climate will affect crop yields, the
researchers also consider factors such as population
and economic growth, as well as competing demands
for water from various socioeconomic sectors.
http://bit.ly/2uOrHjS
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Other Federal Agencies Campus Research Expenditures (in U.S. Dollars)
Fiscal Years 2013–2017
2013

2014

2015

2016

2017

Campus research

19,993,508

17,611,014

15,435,252

15,738,434

17,043,458

Constant dollars*

20,970,553

18,187,553

15,825,357

16,027,938

17,043,458
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*Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2017 equaling 100.

A few of the leading other federal agencies providing funding are the U.S. Department of Commerce, the U.S.
Agency for International Development, the Intelligence Advanced Research Projects Activity (IARPA), the U.S.
Department of Transportation, and the Federal Aviation Administration

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2017
(Shown in descending order of expenditures)

In fall 2016, other federal agencies funded the
primary appointments of graduate students with 38
research assistantships and 5 fellowships.

Center for Transportation and Logistics
Sea Grant College Program
Aeronautics and Astronautics
Computer Science and Artificial
Intelligence Laboratory
Urban Studies and Planning
McGovern Institute for Brain Research
Civil and Environmental Engineering
Mechanical Engineering
Architecture
Nuclear Science and Engineering
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Nonprofit Organizations
Selected projects funded by nonprofit organizations
New techniques give blood biopsies greater promise
Researchers at the Broad Institute of MIT and
Harvard, the Koch Institute for Integrative Cancer
Research at MIT, Dana-Farber Cancer Institute, and
Massachusetts General Hospital have developed an
accurate, scalable approach for monitoring cancer
DNA from blood samples.
Reporting in Nature Communications, the team
demonstrates that nearly 90 percent of a tumor’s
genetic features can be detected in blood samples
using whole-exome sequencing, and that the method
can be effectively applied in up to 49 percent of
patients with advanced cancer—a number likely to
increase as sequencing becomes cheaper.
This ability to detect and analyze cancer DNA from
a patient’s blood sample is emerging as a promising
alternative to invasive surgical biopsies, which can be
difficult, painful, and costly. Blood biopsies (also called
liquid biopsies) are poised to overcome many of these
issues. They have the potential to allow doctors to
track the progress of disease and treatment in realtime and to help researchers understand how tumors
resist treatment with far greater resolution.
Cells in the body, including tumor cells, regularly expel
fragments of DNA into the bloodstream when they
die. With blood biopsies, clinicians collect this “cellfree” DNA from a blood draw and then detect and
comprehensively profile the fragments originating
from cancer cells.
The research team is led by Viktor Adalsteinsson,
group leader at the Broad Institute, where he leads
the Blood Biopsy Team, and colleagues Gavin Ha, Sam
Freeman, Matthew Meyerson, J. Christopher Love,
and Gad Getz. Love is a Broad associate member,
associate professor of chemical engineering at MIT,
and a member of the Koch Institute for Integrative
Cancer Research at MIT.
This study was funded by the Gerstner Family Foundation, Janssen Pharmaceuticals, Inc., and a Koch
Institute Support (core) grant from the National
Cancer Institute.
http://bit.ly/2DnqlUx

80

Blocking a key enzyme may reverse memory loss
In the brains of Alzheimer’s patients, many of the
genes required to form new memories are shut down
by a genetic blockade, contributing to the cognitive
decline seen in those patients. MIT researchers have
now shown that they can reverse that memory loss
in mice by interfering with the enzyme that forms
the blockade. The enzyme, known as HDAC2, turns
genes off by condensing them so tightly that they
can’t be expressed. The MIT team has found a way
to precisely target HDAC2, by blocking its interaction with a binding partner called Sp3. Blocking that
mechanism could offer a new way to treat memory
loss in Alzheimer’s patients.
Li-Huei Tsai is the study’s senior author. Postdocs
Hidekuni Yamakawa, Jemmie Cheng, and Jay Penney
are the lead authors of the study, which appears in
Cell Reports.
http://bit.ly/2uFUYMk
A noninvasive method for deep brain stimulation
Delivering an electrical current to a part of the brain
involved in movement control has proven successful
in treating many Parkinson’s disease patients. This
approach, known as deep brain stimulation, requires
implanting electrodes in the brain—a complex
procedure that carries some risk to the patient.
Now, MIT researchers, collaborating with investigators at Beth Israel Deaconess Medical Center (BIDMC)
and the IT’IS Foundation, have come up with a new,
noninvasive approach to deliver electrical stimulation
deep within the brain, via electrodes placed on the
scalp, by taking advantage of a phenomenon known
as temporal interference. By tuning the frequency of
these currents and changing the number and location
of the electrodes, the researchers can target locations deep within the brain without affecting any of
the surrounding brain structures. This approach could
make deep brain stimulation noninvasive, less risky,
and more accessible to patients. Associate professor
Ed Boyden is senior author of the study, which
appears in Cell.
http://bit.ly/2qOVLc4
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Nonprofit Organizations Campus Research Expenditures (in U.S. Dollars)
Fiscal Years 2013–2017
2013

2014

2015

2016

2017

Campus research

58,226,616

72,117,488

78,666,639

84,015,000

86,752,718

Constant dollars*

61,072,040

74,478,426

80,654,828

85,560,431

86,752,718
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*Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2017 equaling 100.

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2017
(Shown in descending order of expenditures)

Koch Institute for Integrative Cancer Research
Economics
Computer Science and Artificial
Intelligence Laboratory
McGovern Institute for Brain Research
Civil and Environmental Engineering
Masdar
Mechanical Engineering
Media Laboratory
Biology
Materials Processing Center
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