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there should be a particle with nonzero 
mass: Peter Higgs. Robert Brout and 
François Englert discussed the same 
mechanism two months earlier, but they 
never got around to predicting this scalar 
particle. So Higgs should get the main credit, 
then Englert in second place. Brout is dead, 
so that leaves Tom Kibble, who I would say 
was working more on reality than Higgs was. 
Kibble is the most modest man on Earth and 
he deserves a lot more credit than he gets. 

What keeps you awake at night? 
There are still lots of problems that the 
Higgs doesn’t solve. Why are the elementary 
particles arranged in three different families 
that are the same in all but their mass (for 
example, the electron, muon and tau)? You 
cannot build a machine to answer that type 
of question. But that is also the sad thing 
about the Higgs, which is why I wanted there 
to be no Higgs boson: it closes the last door 
on the standard model. 

Will this end our subatomic exploration? 
Oh no, this will never happen. Exploration 
is part of human activity. Suppose that we 
decided not to build any more particle 
colliders, and 50 years from now we’re sitting 
there in a room staring at each other. Don’t 
you think that at a certain point someone will 
say: shouldn’t we at least have a look? ■

Interview by Matthew Chalmers, a 
freelance science writer based in Bristol, UK.

What do you think are the challenges 
for young researchers these days — and 
how do they compare to when you were a 
graduate student?
It is always difficult to compare generations. 
When I started graduate school in the 
1970s, it was right at the time when lasers 
were becoming a useful tool for atomic 
physics. That was an incredibly exciting 
time — almost everything you did would 
be something new. Although the laser was 
invented in the 1960s, it was only by about 
the 1970s that it was possible to buy a laser 
that you could tune to an atomic resonance, 
shine at atoms in a gas and excite them.  
This changed experimental physics in a 
very deep way. 

If I look at physics as a whole, I am not 
sure that I can easily tell what gives people 
an advantage today, but I can see some 
opportunities. One of the things that 
happened during this year’s Lindau meeting 
was the announcement from CERN of the 
discovery of the Higgs boson. For many 
people, it completes the standard model of 
particle physics, and there are two ways in 
which you can look at this. One is to say that 

it closes a chapter of physics; I think that is 
a very disappointing way of thinking of the 
discovery. A better way is to realize that it 
tells you where to go next. If you want to 
do something else, then you should look 
outside the standard model. There are lots 
of things that are not apparently included: 
dark matter and dark energy, for example 
(see ‘Out of the darkness’, page S2). These 
are areas where we can focus our attention. 

We live in an incredibly exciting time for 
physics. We don’t know what 96% of the 
Universe is made of — what can be more 
exciting than that? We have 4%, which is 

matter that we 
know about; 23% 
is dark matter, 
which we cannot 
yet identify; and 
the remaining 
73% we know 
even less about. 
When I was a 

graduate student we didn’t know what we 
didn’t know about the Universe. Now we 
know what we don’t know — and that is 
really a good place to be.

I disagree with the notion that 
imagination and intuition are no longer 
viable in modern physics. If anything, 
they are more important than ever. At the 
core of both special and general relativity 
are brilliant examples of intuition and 
imagination. Einstein’s thoughts of 
shooting a beam of light from a moving 
train paved the way for the mathematical 
development of his theories. That 
said, I admit I would have a hard time 
explaining the Higgs field to anyone — let 
alone a first-year undergraduate. But 
Feynman would say this just means  
I don’t understand it well enough.

Question posed  
by Ragnar  

Stroberg, an experi-
mental nuclear 
physicist studying  
for his PhD at Michi-
gan State University. 

 SCIENTIFICAMERICAN.COM
You can visit Ragnar’s 30 Under 30 page: 
go.nature.com/PAyDn7

Q&A WILLIAM PHILLIPS
In search of ignorance 
William Phillips is a physicist at the National Institute of Standards and Technology 
in Gaithersburg, Maryland. He was joint winner of the 1997 Nobel Prize in Physics, 
awarded for the development of laser cooling and trapping methods, and is still 
beguiled by the lure of the unknown. 

“For a scientist, 
being somewhere 
where there is 
a great deal of 
ignorance is the 
best place to be.”
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Did you ever suspect how far the field of 
cold atoms would go? 
When I first started working on cold atoms 
in 1978, the motivation was to make a 
better atomic clock, which we achieved. 
It’s amazing that all this work on cooling 
is useful for the thing we first imagined 
it would be. But there are so many other 
things — our inability to see where a field 
is going is an almost universal fact of the 
way we do research. When I was a postdoc 
I was studying atomic beams of sodium 
using tunable lasers and separately the 
Bose–Einstein condensation (atoms cooled 
to a very low temperature all sharing the 
lowest energy state) of atomic hydrogen. 
After finishing my postdoc, I first started to 
use lasers to slow atomic beams, so that the 
slow atoms could be used for atomic clocks. 
It was not in my mind that this was going to 
be a route to Bose–Einstein condensation. 
In fact, it turned out to be the route to a 
Bose–Einstein condensate (whereas the 
initial approach we took turned out not to 
be a particularly good way to make one). 
Finally, when we did have Bose–Einstein 
condensates, I don’t think any of us 
imagined where this work would lead: into 
a whole new field of quantum degenerate 
gases (ultracold gases that exhibit 
quantummechanical behaviour).

There is an important lesson here: you 
must not imagine that you can see where  
a field is going, or think that you are  

smart enough to know where we should 
devote our resources if we want to 
accomplish a particular goal. Almost 
always, things turn out to be so much 
richer than you imagine. This is a lesson 
for everyone: for people who are going into 
research, and for people who are funding 
research. You just don’t know.

Can we ever predict the future when it 
comes to science?
There are some subfields of science that 
become mature, full of things that have 
become well understood. But very often 
this is a prelude to finding out that there 
was something you were not paying 
attention to. All of a sudden you don’t 
understand things you thought you 
understood. Atomic physics was like that in 
the 1950s — it was kind of boring. People 
thought that we understood quantum 
mechanics and hence everything about 
atoms. And then the laser came along, and 
we started doing experiments that nobody 
had even imagined. We go into the lab and 
learn new things every day.

What do you think is the most beautiful 
experiment in atomic physics today?
Let me choose two things. One is the idea 
of artificial fields. To take a neutral atom 
and make it behave as if it is a charged 
particle in a magnetic field — this is 

amazing. Second is 
the ability to image 
individual atoms 
and distinguish 
them from their 
neighbours. You 
can make a two
dimensional array 

of atoms and see where every one of those 
atoms is and how they have arranged 
themselves. These experiments open up 
opportunities for doing things that we 
could not even imagine a few years before. 

If you were a graduate student now, 
would you choose a different career?

I have seen a tremendous amount of 
excitement during my time, in particular 
the discovery of subDoppler cooling and 
of optical lattices. However, if you were to 
ask me what was the most exciting time in 
my whole career, I would say right now! 
There are so many incredible things going 
on: artificial fields and seeing individual 
atoms; recreating phenomena that occur 
in solids; ‘atomtronics’ — making circuits 
with atoms. This is why atomic physics and 
coldatom physics is an exciting place to be.

At the same time, there is amazing work 
being done in other areas of science that 
would also interest me. For example, in 
genomics there are so many things that 
we still don’t know. We don’t know how 

most of our characteristics depend on the 
genome or on nongenomic things. And 
for a scientist, being somewhere where 
there is a great deal of ignorance is the best 
place to be.

Is it possible to be both a successful 
researcher and a good teacher and 
mentor? 
Teaching and research are linked in an 
important way and are mutually beneficial. 
Unless somebody is actively engaged 
in research it is very difficult to teach at 
the level required to produce the next 
generation of researchers. People active 
in research are thinking about things in a 
cuttingedge way. But this works both ways 
— teaching helps you do research. That’s 
because when you teach you are forced 
to reexamine the subject matter that 
you thought you knew well. You have to 
understand it in a way that is deeper than 
you ever understood it before. This gives 
you a much more mature understanding 
and raises questions in your own mind 
that will be important for your research. 
When you teach, students ask questions 
that you don’t have answers for, and those 
questions make you think about new 
directions. That’s why nobody who does 
research should ever be divorced from the 
mentoring of students. Those of us who 
supervise students and postdocs learn as 
much — if not more — from them as they 
learn from us. ■ 

Interview by Iulia Georgescu, associate 
editor for Nature Physics in London.

“You must not 
imagine that 
you can see 
where a field  
is going.”

I really admire how enthusiastic 
Phillips is about his continuing 
research, even after having achieved 
so much. And I agree that there 
are an incredibly large number of 
interesting fields of research where 
there’s still lots to be done. Genomics 
is definitely among them, although 
it’s not the one I would choose if I 
were to change my field of research.

Question  
posed by  

Martina Abb,  
a physicist at  
Southampton  
University investi-
gating nanoscale  
optical devices.

 SCIENTIFICAMERICAN.COM
You can visit Martina’s 30 Under 30 page: 
go.nature.com/zsTPza

Lasers are used to trap and cool atoms to 
fractions of a degree above absolute zero, so 
that all atoms are in the same quantum energy 
state in a Bose–Einstein condensate.
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