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Kísérletezés mikroszkópikus objektumokkal
Erwin Schrödinger, 1952
“We never experiment with just one electron or atom or
(small) molecule. In thought-experiments we sometimes
assume that we do; this invariably entails ridiculous
consequences...”.
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Controlling single photons in a trap
Serge Haroche and his research group employ a di#erent method to reveal the mysteries of the quantum 
world. In the laboratory in Paris microwave photons bounce back and forth inside a small cavity 
between two mirrors, about three centimetres apart. The mirrors are made of superconducting material 
and are cooled to a temperature just above absolute zero. These superconducting mirrors are the world’s 
shiniest. They are so re$ective that a single photon can bounce back and forth inside the cavity for almost 
a tenth of a second before it is lost or absorbed. This record-long life-time means that the photon will 
have travelled %&,&&& kilometres, equivalent to about one trip around the Earth. 

During its long life time, many quantum manipulations can be performed with the trapped photon. 
Haroche uses specially prepared atoms, so-called Rydberg atoms (after the Swedish physicist Johannes 
Rydberg) to both control and measure the microwave photon in the cavity. A Rydberg atom has a 
radius of about '!( nanometers which is roughly ',&&& times larger than typical atoms. These gigantic 
doughnut-shaped Rydberg atoms are sent into the cavity one by one at a carefully chosen speed, so 
that the interaction with the microwave photon occurs in a well controlled manner. 

The Rydberg atom traverses and exits the cavity, leaving the microwave photon behind. But the interac-
tion between the photon and the atom creates a change in the phase of quantum state of the atom: if you 
think of the atom’s quantum state as a wave, the peaks and the dips of the wave become shifted. This 
phase shift can be measured when the atom exits the cavity, thereby revealing the presence or absence 
of a photon inside the cavity. With no photon there is no phase shift. Haroche can thus measure a single 
photon without destroying it.

A laser is used to suppress the ion’s 
thermal motion in the trap, and to 
control and measure the trapped ion.

Electrodes keep the beryllium 
ions inside a trap. 
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Figure 2. In David Wineland’s laboratory in Boulder, Colorado, electrically charged atoms or ions are kept inside a trap by surrounding 
electric fields. One of the secrets behind Wineland’s breakthrough is mastery of the art of using laser beams and creating laser pulses. 
A laser is used to put the ion in its lowest energy state and thus enabling the study of quantum phenomena with the trapped ion.
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With a similar method Haroche and his group could count the photons inside the cavity, as a child 
counts marbles in a bowl. This may sound easy but requires extraordinary dexterity and skill because 
photons, unlike ordinary marbles, are destroyed immediately by contact with the world outside. 
Building on his photon counting methods, Haroche and collaborators devised methods to follow the 
evolution of an individual quantum state, step-by-step, in real time. 

Paradoxes of quantum mechanics
Quantum mechanics describes a microscopic world invisible to the naked eye, where events occur contrary 
to our expectations and experiences with physical phenomena in the macroscopic, classical world. Physics 
in the quantum world has some inherent uncertainty or randomness to it. One example of this contrary 
behaviour is superposition, where a quantum particle can be in several di#erent states simultaneously. We 
do not normally think of a marble as being both ‘here’ and ‘there’ at the same time, but such is the case if it 
were a quantum marble. The superposition state of this marble tells us exactly what probability the marble 
has of being here or there, if we were to measure exactly where it is. 

Why do we never become aware of these strange facets of our world? Why can we not observe a 
superposition of quantum marble in our every-day life? The Austrian physicist and Nobel Laureate 
(Physics $%!!) Erwin Schrödinger battled with this question. Like many other pioneers of quantum 
theory, he struggled to understand and interpret its implications. As late as $%&', he wrote: “We never 
experiment with just one electron or atom or (small) molecule. In thought-experiments we sometimes 
assume that we do; this invariably entails ridiculous consequences...”.

In order to illustrate the absurd consequences of moving between the micro-world of quantum physics 
and our every-day macro-world, Schrödinger described a thought experiment with a cat: Schröding-
er’s cat is completely isolated from the outside world inside a box. The box also contains a bottle of 
deadly cyanide which is released only after the decay of some radioactive atom, also inside the box.  

Rydberg atoms – roughly 1,000 times 
larger than typical atoms – 
are sent through the cavity one by one. 
At the exit the atom can reveal 
the presence or absence of a photon 
inside the cavity.
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niobium mirrors

2.7 cm

Photons bounce back and forth inside 
a small cavity between two mirrors for 
more than a tenth of a second. Before it 
disappears the photon will have travelled 
a distance of one trip around the Earth.

Figure 3. In the Serge Haroche laboratory in Paris, in vacuum and at a temperature of almost absolute zero, the microwave photons 
bounce back and forth inside a small cavity between two mirrors. The mirrors are so reflective that a single photon stays for more 
than a tenth of a second before it is lost. During its long life time, many quantum manipulations can be performed with the trapped 
photon without destroying it. 
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Mire jó ez?

I Kvantumelmélet fundamentális igazolása közvetlen
megfigyelésekkel

I Hosszú ideig kontrollált rendszerek kvantummechanikája: új
kérdések, új fizika

I 1 darab kezelhető rendszer⇒ 2 db, 3 db, sok darab⇒ „gép”

I Kvantumszámítógép és kvantumszimulátor
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A lényeges objektum

Csatolt inga

Kvantum realizáció

P1 P2

ioncsapda ion helye elektronfelhő rezgése
rezonátor foton elektronfelhő rezgése

Tulajdonságok

I környezettől szigetelt
I kölcsönható
I kontrollált
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