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  CUMRUN VAFA: A CAREER BUILT ON STRINGS

As a student, Cumrun Vafa had a hard time choosing 
between physics and mathematics. It seemed to him that 
each of those disciplines, when taken alone, had their own 
peculiar drawbacks. It was not until he entered graduate school 
in the early 1980s that he discovered string theory, a subject 
where physics and mathematics came together in a natural 
way—one that he found pleasing, both intellectually and 
aesthetically. His earlier qualms and hesitance quickly vanished, 
and he has pursued string theory ever since, making major 
contributions to the field at many pivotal junctures. While 
some skeptics have attacked string theory, claiming that it is 
unfalsifiable and unable to produce any testable predictions, 
Vafa believes the field is strong, vibrant, and consequential. 
And if that view is correct, it is due in no small part to his 
steadfast efforts.

Although Vafa showed an aptitude for both mathematics and 
physics early in his childhood while growing up in Iran, it was 
not preordained that he would end up in either of those fields. 
Nevertheless, he displayed an inquisitiveness in his youth that 
may be common among those destined to become scientists. 
When he was in second grade, he remembers looking at the 
moon and wondering why it didn’t fall down. He could see 
that streetlights were fastened to poles, but what was holding 
up the moon? 

He was introduced to geometry in third grade and was taught 
that objects had height, width, and depth. “Why just those 
three things?” he wondered. “Why not more? Or less?” 

When he was 12 years old, he was astounded to see an older 
cousin figuring out the trajectory of a projectile. “How could 
math possibly be powerful enough to enable a calculation like 
that?” he mused to himself.

In high school, he learned that atoms in the water molecule are 
connected with bonds that make an angle of 104 degrees. That 
number struck him as arbitrary, and he wanted to understand 
why it was not 90 or 180 degrees instead. “I tried to use my 
knowledge of geometry to answer that question,” Vafa says, 

“but of course I got nowhere. Still, I got excited just by thinking 
about using my knowledge of geometry to answer questions in 
physics and chemistry.” 

His father pursued graduate studies in the United States—at 
Indiana University, in his case—and Vafa assumed that when 
the time came for him to go to college, he would study abroad 
as well. He was accepted at Harvard, even with a 320 on his 
verbal SAT scores, though he scored considerably higher in 
math. He considered it a great honor to get into Harvard, but 
he heard that the university was strong in the humanities. That 
could require a lot of reading in English, he surmised, which 

was not his forte. Luckily, he got into MIT, which was his top 
choice, and he arrived there in the fall of 1977—a 17-year-old 
bent, for practical reasons, on majoring in engineering and 
economics.

Coming from Iran, he faced two problems early on. First, his 
command of the English language was definitely lacking, 
which meant he had a hard time following discussions—inside 
and outside of the classroom. His second challenge was 
adjusting to American culture. MIT was a coed school, 
whereas he’d attended a male-only high school. “The mingling 
of the sexes was unfamiliar to me,” he recalls. “Also, in Iran, you 
don’t randomly say hi to someone you don’t know. For me, 
getting a casual hello from a classmate on one day, and then 
being ignored the next day, was very strange.” He couldn’t tell 
whether the person greeting him was a friend or not. In 
addition, it took him a while to adjust to MIT’s culture, which 
he later realized was more eccentric than American culture in 
general.

Meanwhile, he was not thrilled with his courses in engineering 
and economics. In electrical engineering, for example, his 
professor presented rules for circuit design in the same way 
one might hand out a cookbook recipe. “I asked him why it 
works that way, and he told me you don’t need to understand 
that to solve these problems,” Vafa says. “I found that response 
very unsatisfactory.”

In his economics course, he was frustrated by the “triviality of 
the math,” as well as by the “lack of a moral compass.” His 
professor asked the class to come up with strategies for 
dismantling OPEC—the Organization of the Petroleum 
Exporting Countries. That assignment bothered Vafa, who had 
come from a place where oil production was a source of 
national pride. “Why do you want to dismantle OPEC?” he 
asked. His professor told him to not worry about questions like 
that and just do the assignment. But Vafa didn’t do the 
assignment and instead changed his mind about studying 
economics. 

At the same time, Vafa was really enjoying the required 
introductory courses in math and physics—taking classical 
mechanics during the first semester and electricity and 
magnetism in the second. While at home in Iran during the 
summer of 1978, he told his parents of his confusion: “I seem 
to be liking math and physics courses a lot but dislike the 
things I thought I’d major in—economics and engineering.”

His parents arranged for him to speak with a friend (Dr. 
Niazmand) who was considered a great patriot as well as the 
father of modern Iranian industry. Vafa explained his 
dilemma—the fact that he was interested in physics and math, 
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despite his sense that he couldn’t do much with that training in 
Iran other than becoming a high school teacher. “You don’t 
have to come back to Iran,” the friend told him. “You can do 
what you like.” Based on that advice, given by an esteemed 
Iranian patriot, Vafa decided to pursue a joint major in physics 
and math. 

While his path had become considerably clearer, the matter of 
choosing between physics and math was still unsettled. Vafa 
found the connection between the two subjects interesting, 
though some of the issues in math struck him as less urgent. 

“If you wanted to prove certain theorems, you often needed to 
set some exotic conditions,” he notes. For him, the precision of 
those conditions introduced an element of artificiality, which 
made the subject less attractive to him. 

In physics, he started studying quantum field theory, but he 
found that somewhat unappealing because the structure 
seemed too vague. “On the one hand, math was too precise—
too specific and therefore too narrow,” he says. “On the other 
hand, physics was not precise enough.” Those factors, which 
tugged him in opposite directions, made the decision even 
more difficult, but in the end he chose physics, explaining that 

“the reward of understanding how nature works was a bigger 
draw for me.”

Vafa received valuable counsel on these matters from Fields 
Medalist Daniel Quillen, his undergraduate math advisor at 
MIT, who encouraged him to study areas of math—such as 
topology—that would be important in physics. 

He applied to graduate school in physics, with Princeton as his 
top choice because of the presence of Edward Witten, a rising 
star who focused on the connections between physics and 
math. Vafa came to Princeton in the fall of 1981, and Witten 
soon directed him toward string theory. At first, Vafa thought 
string theory was “too far off the beaten path,” but it eventually 
became his path—as well as the leading candidate for a theory 
of quantum gravity.

A swift change in his attitude, and that of many others, came 
in September 1984 with the publication of a paper by the 
physicists Michael Green and John Schwarz. Prior to that time, 
many of the string theories under development suffered from 
inconsistencies or anomalies that made them incompatible 
with quantum theory and seemingly at odds with the laws of 
nature. However, Green and Schwarz found a way of 

reformulating string theory so that troublesome anomalies, 
which had plagued earlier versions, canceled themselves out. 
After this breakthrough, part of what came to be called the 
first superstring revolution, Vafa says, “everybody started 
working on string theory.” He was among them but, unlike 
many others, he’s never stopped.

At that time, according to Vafa, “there was still some shyness in 
the physics community about using mathematical ideas. For 
many physicists, it seemed almost distasteful to use too much 
math.” But in string theory, math took a central place, which 
was ideal for him, as he had long wrestled with the dichotomy 
between physics and math. After some digging, he discovered 
that dichotomy was mostly on the surface, and that underneath 
one could find harmony. Finally, he says, “I came to feel more 
at home with both subjects and their relation to each other.”

In 1985, Vafa began a three-year stint as a Harvard Junior 
Fellow. He had turned down Harvard twice before—when 
applying both for undergraduate and graduate studies—but 
this time he was at Harvard to stay. And he was no longer 
searching for a research topic, or trying to balance his 
sometimes competing interests between physics and math, 
because his focus was almost exclusively on string theory. 

None of the senior faculty in Harvard’s physics department 
were working on string theory in 1985, and none of them were 
big proponents of the theory either. But Vafa did not feel 
isolated since he found other junior fellows and junior faculty 
to work with. And it happened to be an extraordinarily fertile 
time in string theory, with an outpouring of ideas from 
researchers all over the world. He has continued to explore the 
subject since joining Harvard’s physics faculty in 1988, where 
he presently serves as the Hollis Professor of Mathematicks 
and Natural Philosophy.

One area of great excitement concerned the notion of dualities: 
two theories or models that look very different on the surface 
yet nevertheless describe identical physics. In a 1989 paper, 
Vafa and two collaborators, Wolfgang Lerche and Nicholas 
Warner, proposed what has become a very important duality 
known as mirror symmetry. Their conjecture relates to 
so-called Calabi-Yau manifolds, which constitute the tiny, 
curled-up spaces in which six of string theory’s ten dimensions 
lie hidden. Lerche, Warner, and Vafa suggested that six-
dimensional Calabi-Yau manifolds come in pairs and that two 

At that time, according to Vafa, “there was still some shyness in the 
physics community about using mathematical ideas. For many 

physicists, it seemed almost distasteful to use too much math.” 
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such manifolds—which are topologically distinct and display 
no obvious kinship—still give rise to the same physics.

“We boldly proposed that the mirror conjecture was true, 
without mathematical justification, based purely on physical 
reasoning,” Vafa says. “Mirror symmetry is an idea that came 
from string theory that can be verified mathematically 
regardless of whether string theory describes our universe.”

In 1989, after the paper with Lerche and Warner came out, 
Vafa’s graduate student Ronen Plesser, working with then-
Harvard postdoc Brian Greene, constructed the first example 
of Calabi-Yau manifolds that constituted a “mirror pair.” 
Greene and Plesser did not prove the mirror conjecture 
outright, but they provided strong supporting evidence. And 
even today, more than three decades later, mirror symmetry 
remains an important topic in both mathematics and physics, 
with international conferences devoted to it on a regular basis.

In 1996, Vafa teamed up with his Harvard physics colleague, 
Andrew Strominger, using string theory to provide a detailed 
picture of a black hole’s inner structure. In the early 1970s, 
Jacob Bekenstein and Stephen Hawking devised a remarkable 
formula: A black hole’s entropy, they concluded, is proportional 
to the area of the event horizon surrounding the black hole. 
The entropy itself relates to the makeup of a black hole’s 
interior and all the possible ways that the particles and other 
stuff inside a black hole can be arranged on a microscopic level 
without changing the black hole’s macroscopic properties—
such as its mass, spin, and electric charge. Each of these 
possible arrangements corresponds to a unique “microstate.”

Based on the Bekenstein-Hawking formula, it was apparent 
that black holes had unexpectedly high entropy, which meant 
their inner structure was more complicated than physicists had 
previously suspected. But neither Bekenstein nor Hawking nor 
anyone else could say exactly what that internal complexity 
stemmed from—that is until Strominger and Vafa offered their 
insights on the subject. 

In the 1980s, string theorists posited that all the particles in 
nature could be viewed as tiny, one-dimensional strands, or 
strings, vibrating in ten-dimensional space. By the mid-1990s, 
the theory came to include not only one-dimensional strings 
but their higher-dimensional counterparts called membranes 
or “branes.” And there was a special category of branes called 
D-branes to which open strings (those not closed up in loops) 
attach. The number of microstates associated with a given 
black hole, Strominger and Vafa determined, equals the 
number of D-branes (wrapped up into the shape of a sphere) 
that can fit inside a Calabi-Yau manifold. And that number is 
indeed proportional to the area of the black hole’s horizon. 

“Hawking wasn’t an expert on string theory at the time,” Vafa 
says. “In the beginning, he was a bit skeptical, but he gradually 
changed his view.”

The Strominger-Vafa paper was a significant advance for string 
theory because the black hole area-entropy correlation was a 
well-known problem that theorists of all stripes were trying to 
explain, Vafa says. “People would say: If string theory is a 
consistent theory of quantum gravity, then show us the 
microstates, and that’s what we did. Not only did we get the 
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Hawking answer, we calculated the exact number of states, 
whereas the Hawking formula was only approximate.” 

This work, moreover, was one of the earliest examples of the 
holographic principle—the notion that information about a 
black hole’s interior could be encoded within its lower 
dimensional surface—which has been a vital area of theoretical 
physics over the past 25 years. 

Vafa authored another influential paper in 1996 that 
introduced a new form of string theory called F-theory. Unlike 
the 10-dimensional superstring theory of the 1980s and the 
11-dimensional M-theory of the 1990s, F-theory has 12 
dimensions in all—1 time dimension, 3 large (and visible) 
space dimensions, and an 8-dimensional Calabi-Yau manifold, 
which, in turn, consists of a 6-dimensional Calabi-Yau 
manifold plus a 2-dimensional torus that’s shaped like a donut.

What’s the benefit of having yet another version of string 
theory with a different number of hidden (unseen) 
dimensions? You can’t say that one form of string theory is 
better than another, or that one number of dimensions is better 
than another, Vafa maintains. “It all depends on the question 
you are trying to answer. Different questions have different 
best vantage points.” And the different forms of the theory—
superstring, M, and F—“all belong to the same soup,” he adds. 

“I call the whole thing string theory, with 10 dimensions 
comprising one corner, 11 dimensions another corner, and 12 
dimensions yet another still.”

F-theory may prove to be particularly helpful in the realm of 
phenomenology, which Vafa defines as “the attempt to explain 
the particles we have found in our universe, as well as the 
particles we have not yet found, from a consistent quantum 
gravity framework.” The challenge in this case is reducing a 

12-dimensional spacetime to the 4 dimensions (3 of space and 
1 of time) of our everyday world. There are more possible ways 
of going from 12 to 4 than there are of going from 10 to 4, 
Vafa explains. “With these added possibilities you can get more 
possible solutions”—with each solution describing a universe 
with a unique set of particles, forces, and other distinct features. 

In the past, string theorists had largely been limited to 
studying situations in which strings were weakly coupled and 
hence interacted weakly with each other. For geometric reasons, 
F-theory has made it easier for physicists to take on cases 
involving strongly interacting strings—an advantage that has 
made F-theory a convenient setting for connecting string 
theory to particle physics. 

But string theory has long faced a perennial problem, which 
Vafa refers to as “an embarrassment of riches. We have too 
many options to get to the real world—too many choices.” The 
challenge of string theory is finding a way of narrowing the 
options, and discarding the bad choices, so we can get to the 
universe we inhabit amidst a very large landscape of possible 
solutions—estimated at roughly 10500, an almost absurdly 
high number.

Although this landscape is indeed vast, Vafa has proposed that 
the bulk of it consists of a “swampland” that can be weeded out 
on the grounds that the hypothetical universes it contains are 
logically inconsistent and therefore cannot exist. He believes, 
in other words, that the swampland is much larger than the 
landscape.

In 2006, Vafa and three colleagues—Nima Arkani-Hamed, 
Lubos Motl, and Alberto Nicolis—proposed a theory holding 
that any universe in which gravity is not the weakest of all the 
forces of nature must be classified as part of the swampland, 
and hence relegated to the bin of failed, unrealizable universes. 
This proposition, dubbed the weak gravity conjecture, holds 
that particles with an electric charge experience greater 
electrical repulsion or attraction than gravitational pull. “That 
is true in our universe,” Vafa explains. “And the swampland 
tells us that gravity is the weakest force not just in the universe 
we inhabit but in any universe.”

In 2009, Vafa and his former graduate student Jonathan 
Heckman made two assumptions that led to a further 

“narrowing” of the landscape. First, they posited that gravity is 
not involved in the unification of the strong, weak, and 
electromagnetic forces. Second, they suggested that 
supersymmetry might be observable at the relatively low 
energies accessible to the Large Hadron Collider (LHC). If 
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our universe is indeed supersymmetric, which is a built-in 
property of many string theories, every particle in the so-called 
Standard Model has a partner particle of a different type and 
spin. And if the above assumptions held—Vafa and Heckman 
predicted, employing a string theory-based argument—a new 
particle called the “stau” might be detected at the LHC. 

That has not yet happened, nor has the LHC found any signs 
of supersymmetry. But there’s nothing problematic about this 
negative finding, Vafa says, “because the idea of supersymmetry 
surviving at low energies is not an actual prediction of string 
theory; we were just hoping that might be the case.” The 
existence of the stau, moreover, has not been ruled out; it 
might still be found at higher energies than have yet been 
probed experimentally. 

The swampland program initiated by Vafa now comprises one 
of the main research directions in string theory, and one 
intriguing prediction has come from it—namely that the 
inflaton field, which is believed by some physicists to have 
driven cosmic inflation in the early universe, cannot be exerted 
over too large a distance. This idea is formally known as the 
Swampland Distance Conjecture.

In March 2014, researchers at the BICEP2 telescope at the 
South Pole announced that they had apparently detected signs 
of gravitational waves generated during the universe’s brief but 
explosive inflationary period. At the time, Vafa and other string 
theorists realized that, if confirmed, the BICEP2 findings 
would have contradicted the distance conjecture. “Many people 
in the string community, myself included, noticed this 
discrepancy,” he says. 

Some months later, it was determined that the signal detected 
by BICEP2 had been misinterpreted; it was due to dust and 
was unrelated to primordial gravitational waves. “This and 
other examples have shown that the swampland criteria can 
yield relevant predictions, even for observations that people are 
making of the universe.”

In 2018, Vafa and his colleagues made another bold 
pronouncement that came out of the swampland program: 

Dark energy, which is driving the accelerated expansion of our 
universe, cannot be stable. Rather than being a “cosmological 
constant,” dark energy is doomed to decay away, eventually to 
nothing. The consequences of that decay are profound, Vafa 
maintains. “Not just the energy will change but all the 
properties of matter will change too.” The lifetime of our 
universe is the same as the lifetime of dark energy in our 
universe, he adds. “We don’t yet know whether the decay of 
dark energy will be gradual or something faster, but we don’t 
expect our universe to be long-lived.” 

The age of the universe is presently thought to be nearly 14 
billion years old, and perhaps 1/10th or 1/100th of its 
projected lifetime has elapsed so far. Within 140 billion to 1.4 
trillion years, Vafa estimates, the entire universe could 
disappear. 

Fortunately, that still leaves time for string theorists to review 
these calculations and continue their studies on other fronts. 
Vafa insists that this research is important, even though some 
critics have, over the past decade or so, been trying to write 
string theory’s obituary. He admits that the question of when 
we’ll see experimental evidence for the theory is valid. “We 
don’t know when we’ll get there,” he says, “or whether it will be 
through particle physics or through early- or late-universe 
cosmology.”

His enthusiasm for the field has increased over time rather 
than diminished. “We need to keep our eye on the ball,” he 
stresses. “Some colleagues are enamored with the elegance of 
the subject, but to me the connection between string theory 
and reality is the most exciting thing going on.” He further 
believes that the swampland program is giving physicists hope 
that string theory can be predictive, and he and his colleagues 
are currently developing new tools to make it even more 
predictive. 

“We may or may not be in the middle of the ‘third string 
revolution,’ as some physicists are calling it,” Vafa says. “But 
there’s no doubt that string theory is the only game in town 
when it comes to quantum gravity.” 
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"there’s no doubt that string theory is the only game in 
town when it comes to quantum gravity." 




