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An electron at the Advanced Light Source B s
travels a long but speedy journey on its way
to generating light—the yellow electrons @
at right give an idea of what it might be like!

The text and pictures around the edge of the poster will help you follow the action inside the ALS, beginning
Whenever you see the key symbol +—0, you can find more explanation in the Key

with the electron gun. £
Concepts section below.

Key Concepts —0

1. What is an electron?

An electron is a negatively charged particle that orbits outside the
postively charged center (nucleus) of an atom. Electrons can be puled
from atoms o flow ¢ an elecric curent In power s and
Jarnp cords for exar flow through wires, but in the ALS e tiny amounts o
they circlate nsd a vacuom chamber. cary: Hig-emergy, highvreduend

‘wavelengths

« Frequency is the number of waves that pass one pla
second.

2. How do you make an electron in the ALS do things?

fiyou iant the lectron o speed up, put posiive and/ornegati

charges nearby. The positve charges will atra act the negativly
Arged election (opposites atrach, and the negat 9 i

6. What is an x ray?

repel it ith higher energies, penetrate farther through most ma-
te S mostly produces ultraviolet light and soft x rays,
which have just the right energies to explore many of the atomic-

1fyou want a moving lctron tochange
direction, use a +t; for instance,
youplaces magnet with ts north pole
above and its south pole below the
clectron's path, the dectron will urve to

the right. This effect s used in bend magnets,
undulators, and focusing magnets at the ALS.

3. How does the ALS generate light // ,’ g
from lcrons? Z
makes the electrons accelerate (change their speed or direction of
vl Wheneve an lectron (o any aher charged partcie) accler-
ates, it produces light. Light produced this way is called synchrotron
.
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4. What is @ photon?
A'photon is a “particle” of light. Al light can behave
1 as waves depending on what you do with it—that

her as particles o
why scientists mmon

name of wave

speak of light sometimes as photons and sometimes as waves.

5. What is light?
The liht oureyes see s only a.small part o the vast spectrum of ligh,
also called eectromagnetc radiation. Al ight taves at the
e (299,752,458 meters persecond n vacuum) and can Be
few simple quantities: s
. Wd”s\vn ot the distancs from ane peak t the next n alght ources
1 Wavelength Gy o
(waves per = =
~—~— e second) 106 107 10f

Energy of

(electron volts)

each

Energy refers to the amount of energy carried by one photon.
Ar\ e\muan uo\( (eV) is a very ‘me unit of energy, us
energy that individua pi
photons have the shortest

X rays are hgh\ vith photon energles of about 100 elctron volts
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The brightest source in America for light
from ultraviolet through soft x rays is not a
laser, a medical x-ray machine, or even the
sun. It is a beam of electrons, accelerated
nearly to the speed of light by a large

Electron Gun: Where do the electrons come from?
Bunches of electrons blast out of an electron gun.

e e | Linac: How do you make the electrons go faster?

lmqj) A long series of accelerating chambers drives electrons
Ul nearly to the speed of light.
When an electron bunch enters an accelerating chamber,
it speeds toward a positive charge on the far wall (oppo-
sites attract 02, Whie the dlectonsrace tough a
e s, et

‘e now-negative charge repels the elec! lr«)n\ and the

gi 125
e e posive
charge pulls negatively charged electrons away
from the electron source (opposites attract
+—02) in bunches of billons of electrons each.

particle accelerator called a synchrotron—
the Advanced Light Source.

Read on to find out how the electrons start
out, speed up, gain energy, and produce
exceptionally bright light. This light, often

focused into beams thinner than a human
hair, fuels scientific experiments from
physics to forensics.

Scientists from around the world can do experiments at
the ALS, a research facility funded by the Department of
Energy and located at Lawrence Berkeley National
Laboratory, University of California.
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H Target on Science

The bright beams of the ALS illuminate the mysteries of our world,
enhancing our ability to see as well as to draw conclusions about
@ o what we can't see.
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The special features of ALS light make it a very useful tool for science.
Just a few of the research possibilities include discerning the structural
details of human protein molecules, so drugs can be designed to block
the sites where disease organisms attach themselves; developing
techniques for fabricating smaller-than-ever integrated circuits that
will let semiconductor manufacturers pack more circuitry onto a chip;
and exploring the processes by which ozone is formed and destroyed
in the earth’s protective ozone layer.

The most prized characteristic of ALS light is high brightness, meaning

the rays of light are very intense and are focused to a small spot. The

— = = == ALS delivers America’s brightest light in the ultraviolet and soft x-ray

1012107 10" 10" 10'¢ 107 10'® 107 107 regions of the electromagnetic spectrum (=0 5), making possible a
gher host of different experiments that were once only dreamed of.
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Can You Find These Inside the ALS?.
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The linear accelerator (iinac) has 120 small accelerating

chambers. Large magnetic focusing (=—0 2) coils -
around the chambers keep the electrons in tight bunches

When the electrons leave the linac, th

enough to go around the world 7

but they need more energy to generate x rays.

hot electron screen
tungsten bunch

ular slide, the booster increases
B i ciectrons’ energy on each turn.
B The electrons race around the booster ring
more than 1 million times, forced into their near-circular
path by bend magnets. They get their “boost” on each
turn from an accelerating chamber (a larger version of
those in the linac), but even so, they can't go faster than

ing chamber,” which
boosts the electrons’
energy by 30 times, does
it mostly by increasing
their mass, not their
speed.

Storage Ring: How do electrons generate light?
Electrons zip around the storage ring 1.5 million times
per second, producing bright light at every turn.

Once theeectrons reachthertarget energy,an njection sytem ransers
them from the booster to the storage ring, where they circulate for hours.
At every curve in ther path, the electrons emit ight (photons w0 4)
forward ke a ca headligh. Hlectrons curving through the bend magnets
2)in the ring’s 12 arc sections emit fanlike beams of photons, like
bend at night. Between these curves are straight sections
where multi-magnet devices called undulators wiggle the electrons back
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and forth, so the light from each wiggle
overlaps and forms a narrow beam 100
million times brighter than conventional
x-ray (w0 6) sources. The electrons
travel in a vacuum chamber with fewer
atoms per unit volume than outer space,
50 there are almost no collisions to slow
them down. However, each photon they
micaries offa it of the dectrons
energy (+—0 5), which is replenished in
two accelerating chambers (ike the one in
the booster).

Beamlines: What happens to all those photons?

Beamlines deliver the photons down an optical obstacle

course from the storage ring to the experiment.

Beamline mirrors steer and focus a thin beam of photons (+—04)

down meters of vacuum pipe from the storage ring to the target,

2 sample of interest inside an experiment chamber (endstation).
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storage rin 5 50 many photons that scientists can

iford @ be choosy about which photons they use. Scientsts

who want to select only photons with certain wavelengths
(+—05) use beamlines with monochromators (“one-color-

ers”) which act like prisms, spreading the thin photon beam

into a spectrum of different wavelengths so only the desired

ones go through an exit it

Researchers make observations by using the photons to

produce small changes in their samples, and a variety of

b o G s

instruments' readings into images, graphs, or even 3-

ol making new information vallbie for savancing

science and technology.



