
Negative ion 
(anion) is an 
atom with an 
extra electron

A neutral atom 
has the same 
number of 
electrons as 
protons.  

Helium 
atom

He+ He-

Naturally occurring Artifficially generated

1 Almost all atoms create anions.
Example here is a sulphur negative ion S-.

2 S- can occur in two states with different
energy. The state with the lower energy
is called the ground state and the state
with higher energy is the excited state.

3 Nature favors systems
which have lowest possible
energy therefore the excited
sulphur anions will eventually
release the excess energy
and jump to the ground state.
The question is: how long will
ions stay in the excited state
until they jump to the ground
state? Scientists have now got
an answer to this question.

6 IT IS ALMOST EMPTY!
It contains almost no background gas.
Imagine a box of air the size
of a sugar cube. Now expand this box
so that each side is approximately
10 km long but there is still the same
amount of air as before. That’s not
a lot of gas to get in the way of the ions.

4 Scientists from the Stockholm University
built a machine that is capable of storing
negative ions for hours. It is called DESIREE
for Double ElectroStatic Ion Ring
ExpEriment. Once injected into this ring
negative ions circulate on a closed orbit,
just like a racetrack. Negative ions are,
however, very fragile systems and can be
easily destroyed. To prevent that DESIREE
has several important features.

5 IT IS VERY COLD IN THERE!
The machine is cooled down
to 13K so that ions will
be not destroyed by heat.

7 With these two conditions fulfilled
anions can circulate almost undisturbed
in the ring for hours. If scientist want
to examine some of the anions’
properties they have to interact with
them in a controlled manner. One way
is to use a laser. Below is an example
of a helium anion interacting with light.

As a result one 
electron is removed 

from the anion and the 
neutral atom is formed

A Laser is used to neutralize a small
number of anions. It is possible
to neutralize only the anions that
are in the excited state by using
certain colors (wavelengths) of light.

The neutrals
escape from 

the ring and hit 
the detector

The signal from 
the detector 
is recorded

by a computer

The number of neutral particles
is recorded as a function of time.
The decrease of the signal
is because some of the excited
anions jumped to the ground
state and so do not interact
with the laser anymore.

By analyzing recorded
spectra scientists can
calculate the time that
anions spend in the
excited state before
they jump to the ground
state. And it is ...

Laser 
destroying 

anions in the 
excited state 

will not destroy 
those in the 

ground state. 

... 8 min! That is 
the longest 

lifetime ever found 
for any negative 

ion so far!  

Anions 
circulating in 

the ring

Anion absorbs 
a photon

NEGATIVE 
IONS

Around moving water, 
near waterfalls,

in forests, at the beach 

In the air after 
a thunderstorm

In a variety of sources 
in the interstellar medium

Experimental procedure

Ordinary light
Incoherent light

Laser light
Coherent light

Many colors 
(wavelenghts)

Strong, bright and concentrated 
beam of light

One wavelenght and 
phases aligned

CD and DVD 
players

Laser printers

Bar code 
scanners

One color

Measuring distance
Laser  in medicine:

• Eye surgery
• Removal of 
blemish, scars, 

hair, strech marks, 
tattoos, etc

• Cancer diagnosis 
and treatment

Laser applications

Come 
down!

Not yet!

In laboratories

Negative ion 
generators

Laser cutting
Optical fiber
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Positive ion (cation) 
is an atom that lost 

one electron
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LASERS
LASER - Light Amplification by Stimulated Emission of Radiation 

Laser pointers

Phases not 
aligned
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-

For more information: E. Bäckström et al., PRL 114, 143003 (2015) doi:10.1103/PhysRevLett.114.143003

Anions are generated in a number of ways 

‘Fiber optic illuminated’ by Hustvedt /CC BY-SA 3.0

‘Air ionizer and collection plate’ 
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’Laserkop van Amada FO-4020NT 4kW industriele laser’ 
by Jasper84 / CC BY-SA 3.0


