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Key conceptS
Multiple other univers- ■

es—each with its own 
laws of physics—may 
have emerged from the 
same primordial vacuum 
that gave rise to ours.

Assuming they exist, many  ■

of those universes may 
contain intricate struc-
tures and perhaps even 
some forms of life.

These findings suggest  ■

that our universe may not 
be as “finely tuned” for 
the emergence of life as 
previously thought.

—The Editors

Multiverse
universes with different physical laws might still be habitable 
By AlejAndro jenkins And GilAd Perez

The typical Hollywood action hero skirts 
death for a living. Time and again, 
scores of bad guys shoot at him from 

multiple directions but miss by a hair. Cars ex-
plode just a fraction of a second too late for the 
fireball to catch him before he finds cover. And 
friends come to the rescue just before a villain’s 
knife slits his throat. If any one of those things 
happened just a little differently, the hero would 
be hasta la vista, baby. Yet even if we have not 
seen the movie before, something tells us that he 
will make it to the end in one piece.

In some respects, the story of our universe re-
sembles a Hollywood action movie. Several 
physicists have argued that a slight change to 
one of the laws of physics would cause some di-
saster that would disrupt the normal evolution 
of the universe and make our existence impos-
sible. For example, if the strong nuclear force 
that binds together atomic nuclei had been slight-
ly stronger or weaker, stars would have forged 

very little of the carbon and other elements that 
seem necessary to form planets, let alone life. If 
the proton were just 0.2 percent heavier than it 
is, all primordial hydrogen would have decayed 
almost immediately into neutrons, and no atoms 
would have formed. The list goes on.

The laws of physics—and in particular the 
constants of nature that enter into those laws, 
such as the strengths of the fundamental forc-
es—might therefore seem finely tuned to make 
our existence possible. Short of invoking a su-
pernatural explanation, which would be by 
definition outside the scope of science, a num-
ber of physicists and cosmologists began in the 
1970s to try solving the puzzle by hypothesiz-
ing that our universe is just one of many exist-
ing universes, each with its own laws. Accord-
ing to this “anthropic” reasoning, we might 
just occupy the rare universe where the right 
conditions happen to have come together to 
make life possible.
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which our universe neither recollapsed into noth-
ingness a fraction of a second after the big bang, 
nor was ripped part by an exponentially acceler-
ating expansion. Nevertheless, the examples of al-
ternative, potentially habitable universes raise in-
teresting questions and motivate further research 
into how unique our own universe might be.

The Weakless Way of Life
The conventional way scientists find out if one 
particular constant of nature is finely tuned or 
not is to turn that “constant” into an adjustable 
parameter and tweak it while leaving all other 
constants unaltered. Based on their newly mod-
ified laws of physics, the scientists then “play the 
movie” of the universe—they do calculations, 
what-if scenarios or computer simulations—to 
see what disaster occurs first. But there is no 
reason why one should tweak only one param-
eter at a time. That situation resembles trying to 
drive a car by varying only your latitude or only 
your longitude, but not both: unless you are 
traveling on a grid, you are destined to run off 
the road. Instead one can tweak multiple param-
eters at once. 

To search for alternative sets of laws that still 
give rise to complex structures capable of sustain-

Amazingly, the prevailing theory in modern 
cosmology, which emerged in the 1980s, sug-
gests that such “parallel universes” may really 
exist—in fact, that a multitude of universes would 
incessantly pop out of a primordial vacuum the 
way ours did in the big bang. Our universe would 
be but one of many pocket universes within a 
wider expanse called the multiverse. In the over-
whelming majority of those universes, the laws of 
physics might not allow the formation of matter 
as we know it or of galaxies, stars, planets and 
life. But given the sheer number of possibilities, 
nature would have had a good chance to get the 
“right” set of laws at least once.

Our recent studies, however, suggest that 
some of these other universes—assuming they 
exist—may not be so inhospitable after all. Re-
markably, we have found examples of alternative 
values of the fundamental constants, and thus of 
alternative sets of physical laws, that might still 
lead to very interesting worlds and perhaps to 
life. The basic idea is to change one aspect of the 
laws of nature and then make compensatory 
changes to other aspects.

Our work did not address the most serious fine-
tuning problem in theoretical physics: the small-
ness of the “cosmological constant,” thanks to 
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[The Basic idea]

Many features in the laws of 
nature appear to be finely 
tuned: a small change to any 
one of the constants that 
appear in physics equations 
typically leads to a “disaster.” 
For example, atoms cannot 
form, or matter gets dispersed 
in space so thinly that it cannot 
condense into galaxies, stars 
or planets. Changing two 
constants at a time, however, 
can sometimes lead to sets  
of possible values that are 
compatible with the formation 
of complex structures and 
perhaps even some forms  
of intelligent life. Changing 
three or more constants 
widens the range of 
possibilities even more.

How to find HoSpitAble UniverSeS 
●1  TWO 
cOnsTanTs
Physicists can  
plot the observed 
values of two 
different constants 
A and B as two 
coordinates of a 
point on a plane. 
Each point on the 
plane represents  
a different pair  
of values. 

●2  TWeaK One 
cOnsTanT
Changing the con-
stant A (while keep-
ing everything else 
the same) is repre-
sented by moving on 
a horizontal line. 
Going beyond a tiny 
change usually results 
in a disaster, and the 
universe would be 
unsuitable for life. 

●3  TWeaK 
anOTher 
cOnsTanT
Changing the 
constant B and 
keeping every-
thing else the 
same is represent-
ed by moving on  
a vertical line. 
Beyond a small 
tweak, this also 
often results in  
a disaster. 

●4  change BOTh 
cOnsTanTs
The ability to change 
both A and B at 
once—for example, 
moving along a 
diagonal—can lead 
to new sets of values 
that are con  genial to 
life. Farther away 
from the known 
values could also lie 
other “islands” of 
congenial values. 

WhaT is The 
MulTiverse?
alternative universes have 
now become a legitimate field 
of study, in part because they 
may actually exist. according 
to the prevailing cosmological 
theory, our universe was 
spawned from a microscopic 
region of a primordial vacuum 
by a burst of exponential 
expansion called inflation. But 
the vacuum may continually 
spawn other universes as well. 
each universe might have its 
own physical laws; some would 
be hospitable to life, some not.

Universe 
congenial 
to life 

Universe not  
congenial 

to life
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the universe would unfold. It is quite possible that 
a wide range of other “weakless” universes exist 
that are habitable but look nothing like our own.

In the weakless universe, the usual fusing of 
protons to form helium would be impossible, 
because it requires that two of the protons con-
vert into neutrons. But other pathways could ex-
ist for the creation of the elements. For example, 
our universe contains overwhelmingly more 
matter than antimatter, but a small adjustment 
to the parameter that controls this asymmetry 
is enough to ensure that the big bang nucleosyn-
thesis would leave behind a substantial amount 
of deuterium nuclei. Deuterium, also known as 
hydrogen 2, is the isotope of hydrogen whose 
nucleus contains a neutron in addition to the 
usual proton. Stars could then shine by fusing a 
proton and a deuterium nucleus to make a heli-
um 3 (two protons and one neutron) nucleus. 

Such weakless stars would be colder and 
smaller than the stars in our own universe. Ac-
cording to computer simulations by astrophysi-
cist Adam Burrows of Princeton University, 
they could burn for about seven billion years—

about the current age of our sun—and radiate 
energy at a rate that would be a few percent of 
that of the sun. 

Next Generation
Just like stars in our universe, weakless stars 
could synthesize elements as heavy as iron 
through further nuclear fusion. But the typical 
reactions that in our stars lead to elements 
beyond iron would be compromised, primarily 
because few neutrons would be available for 
nuclei to capture to become heavier isotopes, 
the first step in the formation of heavier ele-
ments. Small amounts of heavy elements, up to 
strontium, might still be synthesized inside 
weakless stars by other mechanisms.

In our universe, supernova explosions disperse 
the newly synthesized elements into space, and 
synthesize more of the elements themselves. Su-
pernovae can be of several types: in the weakless 
universe, the supernova explosions caused by col-
lapsing ultramassive stars would fail, because it is 
the emission of neutrinos, produced via the weak-
force interactions, that transmits energy out of a 
star’s core so as to sustain the shock wave that is 
causing the explosion. But a different type of su-
pernova—the thermonuclear explosion of a star 
triggered by accretion, rather than by gravitation-
al collapse—would still take place. Thus, ele-
ments could be dispersed into interstellar space, 
where they could seed new stars and planets.

ing life, one of us (Perez) and his collaborators 
did not make just small tweaks to the known laws 
of physics: they completely eliminated one of the 
four known fundamental forces of nature.

By their very name, the fundamental forces 
sound like indispensable features of any self-re-
specting universe. Without the strong nuclear 
force to bind quarks into protons and neutrons 
and those into atomic nuclei, matter as we know 
it would not exist. Without the electromagnetic 
force, there would be no light; there would also 
be no atoms and no chemical bonds. Without 
gravity, there would be no force to coalesce mat-
ter into galaxies, stars and planets. 

The fourth force, the weak nuclear force, has 
a subtler presence in our everyday life but still 
has played a major role in the history of our uni-
verse. Among other things, the weak force en-
ables the reactions that turn neutrons into pro-
tons, and vice versa. In the first instants of the 
big bang, after quarks (among the first forms of 
matter to appear) had united in groups of three 
to form protons and neutrons, collectively called 
baryons, groups of four protons were then able 
to fuse together and become helium 4 nuclei, 
made of two protons and two neutrons. This so-
called big bang nucleosynthesis took place a few 
seconds into the life of our universe, when it was 
already cold enough for baryons to form but 
still hot enough for the baryons to undergo nu-
clear fusion. Big bang nucleosynthesis produced 
the hydrogen and helium that would later form 
stars, where nuclear fusion and other processes 
would forge virtually all other naturally occur-
ring elements. And to this day, the fusion of four 
protons to make helium 4 continues inside our 
sun, where it produces most of the energy that 
we receive from it. 

Without the weak nuclear force, then, it 
seems unlikely that a universe could contain 
anything resembling complex chemistry, let 
alone life. Yet in 2006 Perez’s team discovered 
a set of physical laws that relied on only the oth-
er three forces of nature and still led to a conge-
nial universe.

Eliminating the weak nuclear force required 
several modifications to the so-called Standard 
Model of particle physics, the theory that de-
scribes all forces except gravity. The team showed 
that the tweaks could be done in such a way that 
the behavior of the other three forces—and other 
crucial parameters such as the masses of the 
quarks—would be the same as in our world. We 
should stress that this choice was a conservative 
one, intended to facilitate the calculation of how 

oTher noTions 
of “Parallel 
universes”
Physicists and cosmologists—

and often science-fiction 
writers—talk of parallel uni-
verses in several different 
contexts: at least three notions 
exist distinct from the multi-
verse described in this article.

 HUbble bUbble
Our universe is probably much larg-
er than the part we can observe, 
our “Hubble bubble.” If it is infinite 
in size, then infinitely many sepa-
rate Hubble bubbles (centered on 
observers in re-
mote galaxies) 
must exist. 
Some could 
be identi-
cal to 
ours, with 
another 
you read-
ing this 
exact article. 

 brAneS
If space has more than three 
dimensions, our universe could be 
one of many three-dimensional 
membranes, or “branes,” in a wider 
multidimensional space. These 
“parallel universes” can affect  
one another and even collide. 

  tHe mAny-worldS 
HypotHeSiS

In quantum physics, the same 
object can exist in multiple states—
as in the famous cat that is simulta-
neously dead and alive—and only 
external prodding will force it to 
settle into one state. Some physi-
cists believe that all possible states 
continue to exist, each in a sepa-
rate, “branched out” version of  
the universe. 
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alternative sets of laws by making smaller 
tweaks to the Standard Model than in the case 
of the weakless universe, though still involving 
multiple parameters at once. In 2008 the group 
studied to what extent the masses of the three 
lightest of the six quarks—called the up, down 
and strange quarks—may vary without making 
organic chemistry impossible. Changing the 
quark masses will inevitably affect which bary-
ons and which atomic nuclei can exist without 
decaying quickly. In turn, the different assort-
ment of atomic nuclei will affect chemistry. 

Quarky Chemistry
It seems plausible that intelligent life (if it is not 
very different from us) requires some form of 
organic chemistry, which is by definition the 
chemistry that involves carbon. The chemical 
properties of carbon follow from the fact that 
its nucleus has an electric charge of 6, so that 
six electrons orbit in a neutral carbon atom. 
These properties allow carbon to form an 
immense variety of complex molecules. (The 
suggestion often made by science-fiction writ-
ers that life could instead be based on silicon—

Given the relative coldness of the weakless 
stars, a weakless Earth-like body would have to 
be about six times closer to its sun to stay as 
warm as our own Earth. To the inhabitants of 
such a planet, the sun would look much bigger. 
Weakless Earths would be significantly differ-
ent from our own Earth in other ways. In our 
world, plate tectonics and volcanic activity are 
powered by the radioactive decay of uranium 
and thorium deep within Earth. Without these 
heavy elements, a typical weakless Earth might 
have a comparatively boring and featureless ge-
ology—except if gravitational processes provid-
ed an alternative source of heating, as happens 
on some moons of Saturn and Jupiter.

Chemistry, on the other hand, would be very 
similar to that of our world. One difference 
would be that the periodic table would stop at 
iron, except for extremely small traces of other 
elements. But this limitation should not prevent 
life-forms similar to the ones we know from 
evolving. Thus, even a universe with just three 
fundamental forces could be congenial to life.

Another approach, pursued by the other of 
us (Jenkins) and his collaborators, searches for SL
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We may need 
to learn more 

about other 
universes to 
understand 

our true  
place in the 
multiverse.

 Elementary particles and  
four fundamental forces appear. 
At the universe’s extreme temper-
ature, the weak force prevents 
matter from having mass. 

 Up and down 
quarks combine 
into protons and 
neutrons. 

 Some protons and neutrons  
fuse into deuterium and then into 
helium 3 nuclei. Protons cannot 
transform into neutrons. 

Strong 
nuclear 

Strong 
nuclear 

Gravitational 

Gravitational 

Electro- 
magnetic 

Electro- 
magnetic 

4 FOrces 

3 FOrces 
(Weak nuclear force is missing) 

Weak 
nuclear 

Helium 4

Deuterium

Electrons

Antineutrinos

+

+

=

=

=

+

+

+

Cooling makes the 
weak force actually 
weak, so matter 
particles can acquire 
mass. 

 Up and down 
quarks combine 
into protons 
(hydrogen nuclei) 
and neutrons. 

 Some protons fuse into helium 
4 nuclei. This reaction relies on the 
weak nuclear force to transform 
protons into neutrons, electrons 
and antineutrinos. 

 Fewer elementary particles 
appear, but matter particles 
already have mass. 

Neutron

Neutron

Proton

Quarks

Quarks

Proton

10–12 secOnd10–40 secOnd 10–6 secOnd 1 secOnd–3 MinUTes

[scenariO 1: The WeaKless Universe]

A universe with three fun-
damental forces, instead of  
the usual four, could still look 
surprisingly familiar. Here is 
how to find out. 

■   Remove the weak nuclear 
force by modifying several 
“constants” in the Standard 
Model of particle physics. 

■   Keep the other three forces 
exactly as they are in  
our universe. 

■   Modify other parameters  
to facilitate nuclear fusion  
in stars. 

The result is a world with 
complex structure that could 
support life-forms similar to 
those on Earth. 

SHort HiStory of An AlternAtive UniverSe 
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came 2 percent heavier than the proton, no 
long-lived form of carbon or oxygen would ex-
ist. If quark masses were adjusted to make the 
proton heavier than the neutron, then the pro-
ton in a hydrogen nucleus would capture the 
surrounding electron and turn into a neutron, 
so that hydrogen atoms could not exist for very 
long. But deuterium or tritium (hydrogen 3) 
might still be stable, and so would some forms 
of oxygen and carbon. Indeed, we found that 
only if the proton became heavier than the neu-
tron by more than about 1 percent would there 
cease to be some stable form of hydrogen. 

With deuterium (or tritium) substituting for 
hydrogen 1, oceans would be made of heavy wa-
ter, which has subtly different physical and 
chemical properties from ordinary water. Still, 
there does not appear to be a fundamental ob-
stacle in these worlds to some form of organic 
life evolving.

In our world, the third-lightest quark—the 
strange quark—is too heavy to participate in 
nuclear physics. But if its mass were reduced  
by a factor of more than about 10, nuclei could  
be made not just of protons and neutrons but  

the next element in carbon’s group in the peri-
odic table—is questionable: no silicon-based 
molecules of any significant degree of complex-
ity are known to exist.) Furthermore, for com-
plex organic molecules to form, elements with 
the chemistry of hydrogen (charge 1) and oxy-
gen (charge 8) need to be present. To see if they 
could maintain organic chemistry, then, the 
team had to calculate whether nuclei of charge 
1, 6 or 8 would decay radioactively before they 
could participate in chemical reactions [see box 
on next page]. 

The stability of a nucleus partly depends on its 
mass, which in turn depends on the masses of the 
baryons it is made of. Computing the masses of 
baryons and nuclei starting from the masses of 
the quarks is extremely challenging even in our 
universe. But after tweaking the intensity of the 
interaction between quarks, one can use the 
baryon masses measured in our universe to esti-
mate how small changes to the masses of the 
quarks would affect the masses of nuclei. 

In our world, the neutron is roughly 0.1 per-
cent heavier than the proton. If the masses of the 
quarks were changed so that the neutron be-co
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[The aUThOrs]

alejandro Jenkins, a native of 
costa rica, is in the high energy 
Physics group at Florida state 
University. he has degrees from 
harvard University and the califor-
nia institute of Technology, and he 
investigated alternative universes 
while at the Massachusetts insti-
tute of Technology with Bob Jaffe 
and itamar Kimchi. gilad Perez is 
a theorist at the Weizmann insti-
tute of science in rehovot, israel, 
where he received his Ph.d. in 
2003. While at lawrence Berkeley 
national lab, he explored the 
multiverse with roni harnik of 
stanford University and graham d. 
Kribs of the University of Oregon. 
he has also done stints at stony 
Brook University, Boston Universi-
ty and harvard.

 First stars form, followed by 
galaxies and more stars. Stars 
burn cooler, mainly by fusing 
deuterium and hydrogen to 
produce more helium 3. 

 Successive generations of stars 
collapse and go supernova. Other 
stars explode after accreting matter, 
another type of supernova. Superno-
vae spread elements into space.

 Solar system forms. 
To be habitable, weak-
less Earth must be closer 
to its faint sun than 
Mercury is to ours. 

 Stars also produce some helium 4  
by fusing deuterium and then fuse helium 
to make carbon and elements up to iron. 
Heavier elements are virtually absent. 

 Solar system forms. 
Earth is third planet 
from the sun. 

 Collapsing stars cannot go 
supernova; thus, they “fizzle.” But 
some stars explode into supernovae 
after accreting matter. Supernovae 
spread elements into space. 

Intelligent 
creatures appear 
and start wondering 
why their universe is 
the way it is. 

2 different 
supernovae

1 kind of 
supernova

Habitable 
planet (Earth) 

Habitable 
planet 

Helium 4

Deuterium Helium 4

Carbon 12

Carbon 12

+

+

+

+

+

+

+

= =

=

=

=

Intelligent 
creatures appear 
and start wondering 
why their universe is 
the way it is. 

 First stars form, followed 
by galaxies and more stars. 
Stars burn mainly by fusing 
hydrogen to produce more 
helium 4.

 Stars also fuse helium 4 to make 
carbon and other elements, up to iron 
in the periodic table. Other processes 
create elements beyond iron. 

150,000 Years–7 BilliOn Years 7 BilliOn Years 8 BilliOn Years 13.7 BilliOn Years
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also of other baryons containing strange quarks. 
For example, the team identified a universe 

in which the up and strange quark would have 
roughly the same mass, whereas the down quark 
would be much lighter. Then atomic nuclei 
would not be made of protons and neutrons but 
instead of neutrons and another baryon, called 
the Σ– (“sigma minus”). Remarkably, even such 
a radically different universe would have stable 
forms of hydrogen, carbon and oxygen and 
therefore could have organic chemistry. Wheth-
er those elements would be produced abundant-
ly enough for life to evolve somewhere within 
them is an unanswered question.

But if life can arise, it would again happen 
much like it does in our world. Physicists in such 
a universe might be puzzled by the fact that the 
up and strange quarks would have almost iden-
tical masses. They might even imagine that this 
amazing coincidence has an anthropic explana-
tion, based on the need for organic chemistry. 
We know, however, that such an explanation 
would be wrong, because our world has organic 
chemistry even though the masses of the down 
and strange quarks are quite different.

On the other hand, universes in which the 
three light quarks had roughly the same masses 
would probably have no organic chemistry: any 
nucleus with more than a couple of units of elec-
trical charge would decay away almost immedi-
ately. Unfortunately, it is very difficult to map 
out in detail the histories of universes whose 
physical parameters are different from our own. 
This issue requires further research.

String Landscaping
Fine-tuning has been invoked by some theoreti-
cal physicists as indirect evidence for the multi-
verse. Do our findings therefore call the concept 
of a multiverse into question? We do not think 
that this is necessarily the case, for two reasons. 
The first comes from observation, combined 
with theory. Astronomical data strongly support 
the hypothesis that our universe started out as a 
tiny patch of spacetime, perhaps as small as a bil-
lionth the size of a proton, which then went 
through a phase of rapid, exponential growth, 
called inflation. Cosmology still lacks a defini-
tive theoretical model for inflation, but theory 
suggests that different patches could inflate at 
different rates and that each patch could form a 
“pocket” that can become a universe in its own 
right, characterized by its own values for the 
constants of nature [see “The Self-Reproducing 
Inflationary Universe,” by Andrei Linde; Scien- SL
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Imagine changing the masses of the light quarks (meaning the quarks that can form stable 
baryons, such as neutrons and protons). Would you still get the elements crucial to life as we 
know it? At the very least, the resulting universe should contain stable nuclei of electrical 
charge 1, 6 and 8, because those charges would give them properties sim ilar to those of 
hydrogen, carbon and oxygen, respectively. Here are a few cases of what occurs.

[scenariO 2: Universes WiTh diFFerenT QUarKs]

tinKering witH mAtter
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are stable; life is possible 

Carbon 14 and other elements 
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logical constant is substantially larger than the 
value we observe. Within a multiverse, the vast 
majority of universes could have cosmological 
constants incompatible with the formation of 
any structure. 

A real-world analogy—as opposed to an ac-
tion-movie one—would be to send thousands of 
people trekking across a mountainous desert. 
The few who make it out alive might tell stories 
full of cliffhangers, encounters with poisonous 
snakes, and other brushes with death that would 
seem too close to be realistic.

Theoretical arguments rooted in string the-
ory—a speculative extension of the Standard 
Model that attempts to describe all forces as  
the vibrations of microscopic strings—seem to 
confirm such a scenario. These arguments sug-
gest that during inflation the cosmological con-
stant and other parameters could have taken a 
virtually limitless range of different values, 
called the string theory landscape [see “The 
String Theory Landscape,” by Raphael Bousso 
and Joseph Polchinski; Scientific American, 
September 2004].

Our own work, however, does cast some 
doubt on the usefulness of anthropic reasoning, 
at least beyond the case of the cosmological con-
stant. It also raises important questions. For ex-
ample, if life really is possible in a weakless uni-
verse, then why does our own universe have a 
weak force at all? In fact, particle physicists 
consider the weak force in our universe to be, in 
a sense, not weak enough. Its observed value 
seems unnaturally strong within the Standard 
Model. (The leading explanation for this mys-
tery requires the existence of new particles and 
forces that physicists hope to discover at the 
newly opened Large Hadron Collider at CERN 
near Geneva.) 

As a consequence, many theorists expect that 
most universes would have weak interactions 
that are so feeble as to be effectively absent. The 
real challenge, then, may be to explain why we 
do not live in a weakless universe. 

Eventually only a deeper knowledge of how 
universes are born can answer such questions. 
In particular, we may discover physical princi-
ples of a more fundamental level that imply that 
nature prefers certain sets of laws over others. 

We may never find any direct evidence of the 
existence of other universes, and we certainly 
will never get to visit one. But we may need to 
learn more about them if we want to understand 
what is our true place in the multiverse—or 
whatever it is that is out there.  ■

tific American, November 1994]. Space 
between pocket universes would keep expand-
ing so fast that it would be impossible to travel 
or send messages from one pocket to the next, 
even at the speed of light.

The second reason to suspect the existence of 
the multiverse is that one quantity still seems to 
be finely tuned to an extraordinary degree: the 
cosmological constant, which represents the 
amount of energy embodied in empty space. 
Quantum physics predicts that even otherwise 
empty space must contain energy. Einstein’s 
general theory of relativity requires that all 
forms of energy exert gravity. If this energy is 
positive, it causes spacetime to expand at an ex-
ponentially accelerating rate. If it is negative, the 
universe would recollapse in a “big crunch.” 
Quantum theory seems to imply that the cosmo-
logical constant should be so large—in the posi-
tive or negative direction—that space would ex-
pand too quickly for structures such as galaxies 
to have a chance to form or else that the universe 
would exist for a fraction of a second before 
recollapsing.

One way to explain why our universe avoid-
ed such disasters could be that some other term 
in the equations canceled out the effects of the 
cosmological constant. The trouble is that this 
term would have to be fine-tuned with exquisite 
precision. A deviation in even the 100th decimal 
place would lead to a universe without any sig-
nificant structure.

In 1987 Steven Weinberg, the Nobel Prize–
winning theorist at the University of Texas at 
Austin, proposed an anthropic explanation. He 
calculated an upper bound on the value of the 
cosmological constant that would still be com-
patible with life. Were the value any bigger, 
space would expand so quickly that the universe 
would lack the structures that life requires. In a 
way, then, our very existence predicts the low 
value of the constant.

Then, in the late 1990s, astronomers discov-
ered that the universe is indeed expanding at an 
accelerating rate, pushed by a mysterious form 
of “dark energy.” The observed rate implied 
that the cosmological constant is positive and 
tiny—within the bounds of Weinberg’s predic-
tion—meaning that dark energy is very dilute. 

Thus, the cosmological constant seems to be 
fine-tuned to an exceptional degree. Moreover, 
the methods our teams have applied to the weak 
nuclear force and to the masses of quarks seem 
to fail in this case, because it seems impossible 
to find congenial universes in which the cosmo-Je
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is anybody  
ouT There? 
Many more sets of physical 
laws could emerge from the 
primordial vacuum. in most 
cases, including those below,  
it is unknown if the universes 
would be congenial to life. But 
future research may tell.

heliUM rUles 
Certain tweaks to the universe with 
no weak nuclear force would pro-
duce one with virtually no hydrogen 
left over from the big bang. Stars 
would be made mostly of helium.

MUlTiQUarK 
In our universe, quarks form particles 
in sets of two or three, but in other 
universes they might also form sets 
of four, five or more. 

higher diMensiOns 
According to string theory, space 
has 10 dimensions. In our universe, 
all but three curled up or otherwise 
became invisible. What if four or 
more dimensions were still visible? 

4-d hypercube
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