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Magic Numbers 
What if the physical constants weren’t?  
Ekkehard Peik’s ytterbium atomic clock  
ticks toward a revolution. 
 
by KATE BECKER 

The universe is full of seemingly magic 
numbers. The static charge and mass of 
an electron, the speed of light, the mass 
of a proton—these numbers turn up 
again and again in the equations of phys-
ics. We don’t know why they are what 
they are; we just know that the universe 
would be a very different place if some-
one came around and reset them. 

 

The hypothesis of the 
constancy of constants 
can never be verified 
experimentally – it can 
only be falsified. 

- Ekkehard Peik 
 
Physicists call these “magic numbers” 
constants because they have always been 
thought to be constant: no matter how 
or where you measure them the answer 
comes up the same.  

But could these constants be chang-
ing? According to some unification theo-
ries—models in which all of the funda-
mental physical forces were unified in 
the first moments of the universe—
certain constants shouldn’t be constant 
at all: Their values should ride on the 
energy density of the universe.  

To find out, FQXi Awardee Ekkehard 
Peik, at Physikalisch-Technische Bundesan-
stalt in Braunschweig, Germany, has re-
ceived a grant worth US$84,624 to study 
the fine structure constant, or "alpha," a 
master constant in which many other fun-
damental constants are embedded.  

 
Tuning the Universe 
Alpha is the so-called coupling constant 
for electromagnetism, the physical force 
responsible for everything from keeping 
magnets stuck on your refrigerator to 
binding the molecules of your body to-

gether. If it varies, alpha would modulate 
the strength of electromagnetism just 
like a volume knob that adjusts the deci-
bel range of your stereo: Dial alpha up 
and atoms shrivel; dial it down and they 
bloat. Molecules respond to alpha, too: 
the bigger alpha is, the more rigidly 
molecules are bound and the stiffer ma-
terials become. 

If some unification theories are cor-
rect, alpha could have had a different 
value when the universe was young, and 
should still be drifting today, though at a 
much slower rate. Observing such tiny 
changes in just a few years will take ex-
tremely precise measurements, like try-
ing to measure the growth of a blade of 
grass in the space of a nanosecond. 

To make such a precise measurement, 
Peik and his colleagues are building a 
unique pair of atomic clocks. 

Atomic Clocksmith 
Imagine a pendulum that swings hun-
dreds of billions of times each second. 
Now imagine a clock that runs on that 
pendulum, and you have an atomic clock, 
a device useful for everything from 
global positioning to radio astronomy to 
simply keeping very, very good time. 

Atomic clocks measure time using the 
native rhythms of atoms. When an atom 
is driven by electromagnetic radiation of 
just the right frequency, it makes a 
"quantum jump" to a different energy 
level. What’s the magic frequency? Well, 
it depends on alpha. 

Most modern atomic clocks get their 
ticks from cesium atoms. But Peik and 
his team will be building a pair of atomic 
clocks based on an ion of the element 
ytterbium called Yb+. "Yb+ is special in 
that it provides two transitions that 
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ATOMIC CLOCKSMITH Ekkehard Peik at the optical table contain-
ing the ytterbium ion trap. Photo Credit: PTB 
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 would react very sensitively to a change 
of the fine structure constant," says Peik. 
"One transition frequency would in-
crease, the other would decrease."  

Using the same ion in both clocks is “a 
clever way to go about looking for 
changes in alpha,” says James Bergquist, a 
physicist at the National Institute of 
Standards and Technology, because it 
clears up uncertainties associated with 
clocks running on unmatched atoms, as 
in previous experiments, affording “ex-
quisite precision.” 

The meticulous ytterbium clocks 
could also one day replace cesium clocks 
as our standard timekeepers. “An optical 
atomic clock, like Yb+, operates at a 
nearly 100,000 times higher oscillation 
frequency” than cesium, says Peik. “The 
much faster ‘ticking’ of the clock allows 
higher accuracy and lower instabilities in 
frequency measurements.” 

Each of Peik's atomic clocks starts 
with a single ytterbium atom captured 
within the invisible walls of an electric 
field. Then, the atom is cooled nearly to 
absolute zero, so that its jiggling does 
not interfere with measurements. 

Once the atom is holding still, Peik's 
team zaps it with a precisely tuned laser, 
setting the atomic pendulum in motion. 
"Much of our technical effort goes into 
developing tunable lasers that produce 
light of very well defined frequency," 
says Peik. By minutely tweaking the laser 
frequency, the scientists may zero in on 
the optimal frequency to set the ytter-
bium atom jumping. 

Peik's team will pinpoint the frequency 
of each clock at the start of the experi-
ment and then repeat the measurement 
every year over a period of several years. 
They aim to determine the ratio of the 
two frequency measurements with a pre-
cision of 16 significant digits, one hundred 
times the sensitivity current laboratory 
experiments have achieved. 

 
Does Constant Mean  
Constant? 
Experimental physicists like Peik are 
racing with observational astrophysicists 
– and other FQXi-funded physicists – to 
make ever-finer measurements of alpha. 
In 2001, a group of astrophysicists meas-
ured the wavelengths at which light from 
distant quasars was absorbed by 
interstellar clouds. They concluded that 
alpha has been creeping up over the past 
ten billion years.  

While astrophysicists can track how 
alpha has changed over billions of years 
through observations of the universe, ex-
perimental teams looking here on Earth 
can achieve even better sensitivity in just a 
year or two, thanks to tightly controlled 
laboratory environments. Recently, a team 
led by Dmitry Budker at UC Berkeley 
tackled this problem by measuring energy 
levels in the element dysprosium (see 
“Chasing Constant Change” at 
http://fqxi.org/community/data/articles/Bud
ker_schilling_formatted2.pdf). 

So far, Peik has not detected a drift in 
his experiment. In preliminary results 
published in 2006, his team compared a 
ytterbium transition measured in their 
lab to a mercury ion transition clocked 
at the National Institute of Standards 
and Technology (NIST). To within the 
sensitivity of the experiment, Peik didn’t 
detect any change in alpha. 

The next phase of Peik's research will 
put an even more stringent limit on alpha’s 
stability over time. But, as Peik points out, 

his experiments are not infinitely sensitive, 
so "the hypothesis of the constancy of 
constants can never be verified experimen-
tally: It can only be falsified." 

“Pushing the limits of a null result,” 
says Bergquist, is a difficult business: 
“We’re at such a level of precision that 
any small mistake is magnified.”  

If Peik records no change in alpha, it 
"would exclude certain classes of candi-
date theories," Peik says, while other 
unification theories “may adjust to in-
clude only variations of constants that 
are immeasurably small." 

On the other hand, If Peik does catch 
alpha changing, his work will be far from 
finished: “The most convincing evidence 
will be obtained if consistent effects can 
be seen in two or more different atoms.”  

Which means Peik’s team of clock-
smiths will be back in the laboratory, 
boosting the accuracy of their clocks and 
mining the periodic table for atoms that 
will keep their science ticking. 

 
 

 
TRAPPING ALPHA The ytterbium ion trap inside its vacuum 
chamber. Photo Credit: PTB 

 


