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Building new forms of matter,

brick by LEGO brick
®

Ben Skuse, a guest blogger at #LINO19, reports on the lecture by Wolfgang Ketterle,
who was awarded the Nobel Prize for Physics in 2001
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To build new matter, Ketterle says that the key is not
just extremely low temperature but also the need for
each atom, like an individual LEGO brick, to be isolated.
“A lot of people think the field of ultracold atoms is
characterised by ultracold temperature, nano-kelvin
temperature. This is correct,” he said. “However… what
is much more important is that the materials we create
from ultracold atoms are extremely dilute – the density is
a billion times lower than ordinary matter. If we put these
materials together, we can then focus on the special
phenomena of these materials and not their complicated
interactions.”

Wolfgang Ketterle emphasised the need for a playful attitude
to physics.

“I loved to play with LEGO,” recalled Nobel laureate
Wolfgang Ketterle during his lecture on the fifth day of
the 69 th Lindau Nobel Laureate Meeting. “In my days,
LEGO was just a box of bricks and you had to use your
imagination to build very complicated things out of
very few building blocks – and this is what we do in my
research.”
Today, his LEGO bricks are ultracold atoms (and
molecules) and his playmat consists of a tabletop covered
with extremely complicated equipment. But his playful
spirit remains. He applies it to finding new forms of
matter near absolute zero temperature.
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Ketterle applied this understanding in 1995, when he
(together with Nobel laureates Eric Cornell and Carl
Wieman) discovered Bose-Einstein condensates (BECs) – a
new state of matter observed at ultracold temperatures.
At less than a millionth of a degree above absolute
zero, Ketterle and his fellow laureates demonstrated
that distinct atoms meld into a single quantum state to
form a quantum gas. Individual particles can no longer
be distinguished because they have formed a single
macroscopic matter wave.
Not one to rest on his laurels, Ketterle has continued his
pursuit of new forms of matter. He does so by shining
between five and 10 laser beams on ultracold atoms and
then gradually making the system more complex. “You
start with a simple system which you can immediately
understand just as a stepping stone, but eventually you
want to add more complexity and create a situation
where even the best supercomputers cannot solve
the Hamiltonian,” he revealed. “You want to build the
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complexity step-by-step and
hopefully be able to test every
single step… like a computer code.”
Recently, this technique bore
fruit, when Ketterle and his team
observed a supersolid. Supersolids
are a bizarre form of matter
combining properties of a solid and
a superfluid at the same time. In a
solid, every atom is localised and
therefore you can distinguish them
by location, whereas in a BEC or a
superfluid all the atoms have to be
delocalised, by definition, and form
one single matter wave.
The two should therefore be
mutually exclusive. Ketterle found
a way to bring the two together:
“What we were able to create was
a shape, in this case a density modulation with a striped
phase [in a BEC], but those stripes were not imprinted
with laser beams,” he explained. “And this contained
continuous symmetry-breaking properties, which is the
defining feature of a solid.”
“What we created was a supersolid that I could explain
to you in one slide,” he said. But this is exactly what
he wanted to achieve. “When people would later say
‘This is trivial’, I would say, ‘Thank you, this is actually a
compliment’… we want to show the simplest possible way
to realise a phenomenon.”
Even more recently – in fact, just a few weeks ago
in unpublished work – Ketterle made another key
breakthrough in ultracold physics. His team discovered
a method to ultracool molecules. Ultracold molecules
would provide fundamental new insights into molecular
interactions in the quantum regime.
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However, for over a decade, physicists have struggled to
cool an ensemble close to absolute zero, a major source

Ketterle surrounded by young scientists during the boat trip
to Mainau Island.

of frustration for Ketterle: “In my research I really want
more LEGO pieces”.
Though numerous techniques have been applied, all
have so far failed. The most promising of these options is
collisional cooling. Yet all previous attempts at collisioncooling ended with unstable molecules that didn’t survive
collisions.
To surmount this impasse, Ketterle’s team played with a
system nobody expected would allow collisional cooling:
sodium-lithium molecules. “People told us this would
not work, but I told my group we just have to try it,” he
recalled. Sodium-lithium molecules are normally reactive,
but by aligning all the spins in the system, they became
non-reactive. Doing so allowed the team to reduce the
temperature by more than an order of magnitude.
Ketterle said that the breakthrough means that for the
first time, there is a system of molecules that can be
collision-cooled, bringing ultracold molecules a huge
step closer to reality. Most importantly, it means Ketterle
may soon have a completely new playground in which to
probe fundamental physics and even perhaps find more
new forms of matter.
Benjamin Skuse is a professional freelance writer of all things
science. In a previous life, he was an academic, earning a PhD in
Applied Mathematics from the University of Edinburgh and an MSc
in Science Communication. Now based in England’s south-western
region, he aims to craft understandable, absorbing and persuasive
narratives for all audiences – no matter how complex the subject
matter. His work has appeared in New Scientist, Sky & Telescope,
BBC Sky at Night Magazine, Physics World and many more.

To find out more about Wolfgang Ketterle’s path to his Nobel Prize, read his autobiographical profile:
https://www.nobelprize.org/prizes/physics/2001/ketterle/biographical/
He shares his other interests in this 2009 interview with Runner’s World magazine:
https://www.runnersworld.com/runners-stories/a20837391/im-a-runner-wolfgang-ketterle-ph-d/
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