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accessible and readable database that
could track both inputs and outputs,
one would have to know how the US
government budgeting system works
and then seek to tie inputs to outputs
and outcomes traceable to those invest-
ments in a relational database. It is a
complex job.” 

Making sense of a jumble of data on
jobs, startups, patents, and other statis-
tics will require some doing, Bertuzzi
acknowledges. But he says that NIH
has “done a reasonably good job of doc-
umenting its investments” and has
been putting considerable resources, in-
cluding its formidable information-
technology assets, into improving the
associations between research funding
and outcomes. And NIH director
Collins has shown particular interest in
analyzing and understanding the im-
pact of NIH research. House and Senate
appropriators annually press NIH for
progress reports on the fight against
various diseases.

But Bertuzzi cautions that tying im-
provements in human health to basic re-
search will always be fraught with con-
founding factors. Basic research, he
notes, doesn’t follow a linear path to
commercial technology; development,
financing, regulatory approval, and
other factors all complicate the process.
Nor do new technologies emerge in a
vacuum. “When we make statements
like, ‘In the past century the number of
cases for disease X have decreased by Y
percent,’ we think of attributing it all to
biomedical research, but in reality, there
are many other determinants of health,”
he says. “How do we disambiguate the
proportion that is attributable to medical
research?” he asks. “It is difficult, and it
requires good analytical tools. This is
precisely the goal of STAR METRICS, a
tool to perform better analyses.”

ARRA as an ”impulse function”
Former White House science adviser
John Marburger, whom Lane and others
credit for starting the process that led to
STAR’s development, says the program
is “credible and well structured, and it’s
unique.” He also observes that ARRA
“offers an extraordinary opportunity to
trace impacts on a variety of measures,”
in part because of its limited duration;
the law stipulates that all ARRA spend-
ing be obligated by 30 September. The
resulting funding spike acts “like the
proverbial ‘impulse function’ that engi-
neers use to analyze complex systems,”
he notes. “Its consequences may ripple
through the time series of the wide vari-
ety of metrics already tracked by federal
agencies and policy scholars.”

The magnitude of the science and
technology stimulus spending ensures
that a large number of institutions will
constitute the experimental sample,
says Marburger, now Stony Brook Uni-
versity’s vice president for research.
Stony Brook has received 97 ARRA
grants, which will generate some 400
new reports per year. “The only compa-
rably abrupt change in science funding
is the exponential increase that oc-
curred following Sputnik in 1957. But
we didn’t have the reporting require-
ments then that we do today that can
provide useful data,” he notes.

New and better metrics could also
produce unintended consequences.
Smith cautions that the types of data
that STAR will generate could also be
used to grade faculty on the number of
jobs their research produces—not nec-
essarily the best measure of scientific
quality. Agrees Lane, “Any time you put
information out, there is a danger it can
be misused. In a free society, that’s
going to happen.” David Kramer

Sanctions on Iran slow science,
slam a scientist
Physicists believe in science as a messenger for peace and a
means to improve quality of life; but sanctions complicate inter-
national collaborations and breed aggression toward the West.

“We feel the noose tightening,” says
Hashem  Rafii- Tabar of the Institute for
Research in Fundamental Sciences
(IPM) in Tehran, referring to the United
Nations sanctions against Iran. On
9 June the UN Security Council passed
new sanctions, mainly targeting busi-
nesses and banks, to curtail Iran’s nu-
clear program. It’s the fourth round of
sanctions since 2006. One individual is
also included: Javad Rahighi, a nuclear

and accelerator physicist who says he
has been singled out mistakenly.

The UN sanctions add to restrictions
put in place by the US and the European
Union (EU) that, combined with inter-
nal unrest, hamper Iran’s interactions
with the international physics commu-
nity. They make it difficult to go abroad
for meetings or sabbaticals, to attract
visitors, and to buy research equip-
ment. It’s too early to know what impact

the latest sanctions will have, but Reza
Mansouri, director of the Iranian Na-
tional Observatory (INO) and a former
vice minister of science, says that al-
though the research community does
suffer, “the psychological effect is much
more severe than any real effect.” At the
same time an attitude exists that “it is
hard to intimidate Iranians, whether it
is a confrontation with a foreign force
or it is the opposition to internal repres-
sive agents,” as IPM string theorist
Farhad Ardalan puts it. “Iran has been
under various types of sanctions for the
last 30 years, and life has been going on.
So has research.”

Low sales, no service
“The sanctions have affected all areas of
life in Iran,” says  Rafii- Tabar. “In my
own area of research, we try to apply our
knowledge to such areas as biomedical
nanosensors for early detection of cancer
biomarkers and neuronal activities. My
work is completely theoretical and com-
putational, but even I have been affected.
You cannot buy workstations or super-
computers.” Scientific software—even
free software—can be hard or impossible
to get, he says. “When you click [on a web
link, the source site] recognizes the IP ad-
dress as being in Iran and a message
comes through that we cannot down-
load. Our fear is that soon we might have
difficulties accessing the internet.”

To buy a scanning electron micro-
scope or other “equipment we desper-
ately need,”  Rafii- Tabar says, “you can-
not approach any company. Not in the
US. Not in Japan. They would not look
at us. They do not respond to our e-
mail.” Even if the planned application
is purely scientific, if the equipment is
considered dual purpose it falls under
the sanctions. “They can make a case for
anything that you could use it to do
something illegal,” says  Rafii- Tabar. 

Hadi Hadizadeh, a nuclear physicist
at Ferdowsi University in Mashhad,
tells about a colleague in health physics
who tried to buy a phantom model of
the human body. “It is stuck in Dubai.
He couldn’t get it here to Iran,” says
Hadizadeh.

Dubai is one of several way stations
through which items are sent to Iran.
Much scientific equipment is pur-
chased—at double or more the usual
price—through the black market. In
Dubai, Azerbaijan, or Cyprus, for exam-
ple, “middlemen buy the goods for
you,” says an Iranian scientist who
wants to remain anonymous. There is no
guarantee that you get what you or-
dered, he adds. Sometimes a “Chinese
knock-off” is passed off as the original
American version. And, of course, there
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is no service on equipment from abroad,
whether it was purchased legally or not.

Even for things that can be legally
sent to Iran, many countries don’t deal
with Iranian banks. For example, says
 Rafii- Tabar, “from the point of view of
the UN, medical equipment is exempt
from the sanctions. So theoretically you
can obtain an fMRI [functional magnetic
resonance imaging machine]. Compa-
nies are willing to sell. But, practically,
we face all sorts of difficulties because of
regulations to do with banking.”

Diminishing the effects
Scientists involved in international col-
laborations and those who need sophis-
ticated equipment in their labs suffer the
most from sanctions, says Hadi Ak-
barzadeh, a computational  condensed-
 matter physicist at Isfahan University of
Technology and president of the Physics
Society of Iran. But, he adds, “sanctions
are not a new issue in Iran, and we have
experience to diminish [their] effects.”

Along those lines, Omid Akhavan, a
physicist at Sharif University of Tech-
nology, notes that scientists and engi-
neers have learned to make “some of
the required accessories” and to main-
tain equipment without the support of
the manufacturer. An example is home-
grown  industrial-scale fabrication of
high- vacuum facilities.  Ultrahigh-
 vacuum equipment and parts, “which

are forbidden to us,” are not far behind,
Akhavan says. 

Sanctions imposed by Europe and
the US have also led to closer collabora-
tions between scientists in Iran and
other parts of the world. Akhavan says
that the increasingly severe UN sanc-
tions may act to “further strengthen the
ties between Iran and free countries in
Asia and Latin America.”

Visa vexations
The UN sanctions are compounded by
events in Iran. The protests after last
year’s presidential elections, for exam-
ple, scared off visitors and forced the
cancellation of international scientific
meetings in the country. And, to the
frustration of many Iranian physicists,
getting a visa takes longer than it used
to, and whether someone gets one
seems to be random. “A lot of our young
scientists are afraid to apply for visas,
especially for the US,” says  Rafii- Tabar.
“They have to go to a US embassy in
Dubai, for example. They spend money.
They have to be fingerprinted, their
eyes are imaged. And there is no guar-
antee they will come back with a visa.
It’s very disheartening.”

Visa delays are common, and not
just for people wanting to enter the US.
Akbar Jafari, an assistant professor of
physics at Sharif, went to France in Jan-
uary, a month later than he had planned

A replacement battery for this neutron monitor can’t be bought in Iran due to UN
sanctions. The box is a battery that graduate students working in the lab of nuclear
physicist Hadi Hadizadeh taped onto the back of the unit so they can take it into the
field; the original battery sits inside the monitor. The white globe thermalizes fast
neutrons to make them detectable. One use is to detect landmines. 
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to go. “Fortunately, it was
just to meet colleagues. If it
had been for a conference, I
would have missed it,” he
says. In the end, “they gave
me the visa and said, ‘You
have to fly the day after to-
morrow.’ I felt humiliated to
have to wait a month for a
visa, when that would not
have happened if I was not
from Iran.”

Jafari had a worse expe-
rience with Japan. He was
invited to go for a month
last summer to collaborate
with his former postdoc ad-
viser, with whom he had
worked from 2004 to 2006.
Eventually, he says, “my
host asked me to cancel my
visit. He said government
people were asking him to
explain.” Jafari later re-
ceived some elaboration: “It
seems that my acquaintance
with superconductivity is
going to limit me, as the
sanctionists think super-
conductivity has to do with
nuclear research.”

Difficulty in obtaining a visa is field
dependent. The Iranian government of-
fers to pay for 9- to 12-month stays
abroad for PhD students. “But those in
nuclear physics can’t get a visa,” says
Hadizadeh. “They can’t get to Aus-
tralia. Forget about Canada, the UK, or
America. Right now I am encouraging
people not to go into this field. Not until
we somehow develop better relations
with some developed countries.” (See
the interview with Hadizadeh in
PHYSICS TODAY, July 2005, page 30.)

In astronomy, says Mansouri, “we
have had no problems” attending con-
ferences, participating in international
projects, or sending students for train-
ing on international telescopes. The
INO is a 3.5- meter optical telescope still
in the design phase. “Without sanc-
tions, the project would go ahead more
smoothly and be better quality,” Man-
souri says. “But sanctions will not stop
the project. We may not have the best
image quality, but we will have a piece
of sky no one else has.” 

Despite the restrictions, last year the
US hosted some 2000–2500 students
and researchers from Iran, according to
Norm Neureiter, a senior adviser to the
American Association for the Advance-
ment of Science. The visa problem is se-
vere and affects many scientists from
many countries, including Iran, he says.
“I am convinced we are doing great
long-term damage to the US scientific

enterprise from our present visa poli-
cies and processes.”

Physicist fights to clear name
In the UN’s June sanctions against Iran,
the sole individual included under “in-
dividuals and entities involved in nu-
clear or ballistic missile activities” is
Rahighi, who is listed as “Javad Rahiqi:
Head of the Atomic Energy Organiza-
tion of Iran (AEOI) Esfahan Nuclear
Technology Center.” 

Rahighi, who says he learned of the
UN sanctions from television reports,
says, “It is paralyzing my life. Even if I
spend all my properties, everything, I
have got to clear my name.” If the UN
has information beyond its apparent
misidentification of Rahighi as head of
Iran’s nuclear program, it’s not saying.
A UN spokesperson would say only
that the sanctions against Rahighi are
“related to confidential information.”

Rahighi earned his PhD in nuclear
physics at the University of Edinburgh
and did postdoctoral work in England
and Belgium. He worked at AEOI’s Es-
fahan Nuclear Technology Center
(ENTC) from 1986 to 1991, and then
spent nearly 20 years in AEOI nuclear
physics departments in Tehran before
moving last November to the IPM,
where he heads an accelerator physics
group. 

Mohammad Lamehi-Rachti, a long-
time close AEOI colleague now also at

the IPM, says Rahighi’s “activities have
had nothing to do, either directly or in-
directly, with the enrichment of ura-
nium or the nuclear cycle. I affirm that
he is in no way a part of the activities
that the security council of the UN is ac-
cusing him of.” Adds Mansouri, “He is
just a scientist, like more than 500 others
working for AEOI. He has never been
head of ENTC. Every man in the street
in Tehran knows it!”

Rahighi chairs the training commit-
tee of SESAME, the international syn-
chrotron light source being built in Jor-
dan that is intended to promote peace
through science. Herman Winick, a re-
tired SLAC scientist who has been with
the project since its inception, says
Rahighi “has done an exemplary job.
Largely due to his efforts we [SESAME]
have money to send people from the
Middle East to light sources around 
the world.” Rahighi’s situation, 
Winick adds, is “a human tragedy and
Kafkaesque.”

Rahighi also chairs a committee to
build a national synchrotron light
source in Iran. After the UN sanctions
became known, some senior scientists
hinted that his status could hurt the
project. Rahighi has offered to step
down. 

The new sanctions overshadow
sanctions imposed by the EU in 2008.
After an appeal failed, Rahighi wrote to
the EU this past March asking for his

Javad Rahighi (second from right) with Ada Yonath (third from right) of Israel, a 2009 Nobel 
laureate in chemistry, and several students at a SESAME users’ meeting in Jordan last November. 
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case to be reconsidered. “They have
made a mistake and they don’t listen to
correct it,” he says.

Support and suspicions
So far, help for Rahighi is coming from
the IPM, which has offered to pay for an
international lawyer. Akbarzadeh says
the Physics Society of Iran “will do its
best to [help Rahighi] regain his credi-
bility.” And Rahighi has word that the
current president of the AEOI will write
a letter certifying that Rahighi was
never head of the ENTC nor affiliated
with the Nuclear Fuel Production and
Procurement Company. 

The American Physical Society’s
Committee on International Freedom of
Scientists (CIFS) is looking into whether
and how to try to help Rahighi, accord-
ing to committee chair Noemi Mirkin 
of the University of Michigan. Yousuf
Makdisi, a physicist at Brookhaven Na-
tional Laboratory who was involved in
a letter CIFS wrote to the EU in support
of Rahighi in August 2009, says that

“his name doesn’t appear on any unde-
sirable lists in the US”—most notably
one on nonproliferation. But, Makdisi
adds, it’s impossible to verify that his
hands are clean.

According to Ardalan, who has
known Rahighi for about a year, “peo-
ple who don’t know him assume that he
must have done something. [They as-
sume that] the UN must have cross-
checked, so they are suspicious.” Ironi-
cally, he says, the UN sanctions may
lead to support of Rahighi by the cur-
rent Iranian regime, which in turn will
make people more suspicious.

“These sanctions make me all the
sadder,” says  Lamehi- Rachti, “because
through Rahighi, they attack our entire
scientific community. Is it a crime to
teach and do research in the field of nu-
clear physics? Is it a crime to show
young people that science is a tool 
to support the development of our
country and an instrument in the 
service of peace?”

Toni Feder

Small nuclear reactors raise 
big hopes
Has the climate changed for the nuclear power industry? 
Modular reactors may open new markets.

Billions of dollars in cost overruns,
the economic crisis, and technical de-
lays are pushing back the schedules of
various large reactors worldwide. In re-
sponse, the nuclear industry has begun
to think smaller than the 1700 MW of
power a typical nuclear reactor pro-
duces. Modular reactors that generate
between 30 MW and 300 MW per mod-
ule and work in sync with other mod-
ules to produce up to 600 MW, the
equivalent of an average gas-fired
power plant, are on the rise.

“One size doesn’t fit all situations,”
says Michael Anness, manager for ad-
vanced reactors at Westinghouse, “and
our customers are asking for smaller,
more efficient designs.” A small modu-
lar reactor (SMR) could cost anywhere
from $300 million to $3 billion, depend-
ing on the design—light water reactor
(LWR), gas-cooled reactor, and so
forth—and the number of modules re-
quired for the plant.

A crowded field
By aiming for smaller power genera-
tion, reactor builders can triple the size
of their market. Some 60 countries in-
terested in developing nuclear power
are evaluating more than 43 SMR de-
signs. Last month, the Russian engi-
neering company Rosatom launched

the Akademik Lomonosov, a 21 500-ton
barge equipped with twin modular 
35-MW LWRs that will be used in the
Arctic. In the US, three reactor designs
are close to commercial development:
Westinghouse’s integral pressurized
water reactor (IPWR), an LWR from
NuScale Power, and the mPower reac-
tor from Babcock and Wilcox Co.

Small reactors aren’t new—nuclear
submarines use them—but they still
face regulatory, technical, and licensing
hurdles. The main attraction for both
electrical utilities and reactor builders is
the potential cost savings: Producing
electricity could be 10–20% cheaper 
per kilowatt-hour than with a standard
reactor.

Modular benefits
“There is an economy of scale with
these modular reactors,” says Anness. If
it takes more than 10 modules to reach
500–600 MW, then it becomes too ex-
pensive. If the modules are too large,
then building a traditional reactor on
site is more economical. “We believe
300 MW is the optimal point for each
IPWR module,” he says. The IPWR
modules are 20–45 m long and 20 m
wide, ideal for factory construction and
transportation by rail or ship. The mod-
ules are assembled on site, with power


