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SSRP:

Stanford Synchrotron Radiation Project

The Stanford Synchrotron Radiation Project is a new national facility which makes use
of the intense radiation produced by the SPEAR storage ring at SLAC to carry out

important research in several fields of the physical and biological sciences.
article describes the SSRP facility and its early experimental program.

This
It also gives

some of the basic technical information needed to understand how the facility works
and why its research program has already started to yield significant results.
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A. INTRODUCTION

The Stanford Synchrotron Radiation Project
(SSRP) is a new national facility for research
in a variety of scientific disciplines, includ-
ing physics, chemistry, biology, metallurgy and
astrophysics. Although the Project is located
at SLAC, adjacent to the SPEAR storage ring, it
is funded by the National Science Foundation
under a contract with the W. W. Hansen Labor-
atories of Physics on the Stanford campus. 1In
addition to NSF support, contributions to the
Project have been made by the U.S. Navy's Mich-
elson Lab at China Lake, California; by Xerox
Corporation; and by Bell Telephone Laboratories.
The originators of SSRP are Professors Sebastian
Doniach and William Spicer of Stanford (now the
Director and Consulting Director, respectively),
with much early help from SLAC's Gerry Fischer.

Experiments at SSRP make use of the intense
synchrotron radiation that is given off as a
"by-product” of the operation of the SPEAR

storage ring., This "free'" radiation has several
remarkable properties; (a) high intensity, (b)

a broad range of energies including some that
are difficult to produce at useful intensities
by other means, (c) natural collimation, (d)
high polarization, and (e) pulsed time structure.
(More information on these properties is given
later.) Perhaps most important is the intemsity,
which is so high that even a very narrow. band of
energies will contain enough flux for a great
variety of experiments. Before turning to a
description of SSRP itself, we now want to re-
view, in Section B, some physics background.

B. SOME BACKGROUND INFORMATION

1. Light And Other Radiation

Most people at SLAC have heard about the
comparison that is often made between an accel-
erator and a microscope. With a conventional
microscope, which uses visible light, we can
see objects such as parts of living cells that
may be less than .001 centimeter (10"3 cm) long.
By using a more powerful kind of light (x-rays
or electrons which have energies of some thou-
sands of volts), we can get a picture of some
of the smallest living things, such as viruses,
that may be only 1076 cm in size. And usually
the next step we talk about at SLAC is the
great leap inward that takes us all the way down
to the realm of the elementary particles, such
as the proton, whose size is about 10713 cm.

To illuminate protons we make use of a special
kind of 'light' that is actually a beam of elec—
trons which has been accelerated to billions of
volts by the SLAC two-mile accelerator. Thus
the 'resolving power' of the SLAC accelerator is
about 1010 times greater than that of a conven-
tional light microscope.

2. Atoms, Molecules And Angstroms

But hold on a minute. When we jumped from
viruses all the way down to protons, we skipped
right over a whole class of objects—-atoms and
molecules—-that are almost completely respon-—
sible for making the world the way it is. So
this time let's go back for a closer look at
what we missed. To begin with, we'll need a
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new yardstick to give us a convenient unit of
size for measuring atoms. This unit is called
the angstrom. 1Its symbol is 'Rt and it is
this big:

1 X = .00000001 centimeter = 108 cm

The angstrom is convenient® because it is close
to the size of an atom: the radius of a hydro-
gen atom is about 0.5 X, and the radius of a
uranium atom is about 2.0 K. Although those
physicists who study the elementary particles
have passed the atom by in their search for the
smaller game that lives within the very small
nuclei of atoms (about 107* R, or 10,000 times
smaller than the whole atom), it is worth re-
membering that the nucleus itself plays an
almost totally insignificant role in the sub-
stance and activity of our everyday experience.
But the whole atom, on the other hand, is def-
initely where it's at. It is because of the
structure of atoms and their interactions with
each other--and the tremendous variety of both
~~that steel is strong, water is wet, roses are
red, and soap is slippery. In fact, it is
because of atoms that almost everything is any-
thing.

3. What 'Size' Light Do we Need?

Thus the realm of the atom and of the com-
binations of atoms that form molecules is the
starting place for trying to understand any of
the larger units of matter, both physical and
biological, that occur in nature. In order to
explore this realm successfully, we will need
to select (as we did for viruses and for pro-
tons) just the right kind of light to shine on
the atoms. The essential requirement is that
the light be of a 'size' (wavelength) that
matches the dimensions of the particular atomic
or molecular structures we shall be studying.
We can get an idea of the range of sizes that
will be useful in this work by consulting Fig.
1, which shows some of the characteristics of
electromagnetic radiation.

From this figure we see that the size of an
atom, about 1 angstrom, is matched by radiation
that lies in the x-ray region of the spectrum.
For a wavelength of 1 2, the corresponding x-ray

energy is about 12,000 electron volts, or 12 keV.

In order to study some of the inner electronic
structure of atoms we will want to use x-rays
that are somewhat 'harder' than 12 keV--say up
to energies of 20 or 25 keV. 1In addition,
structures up to several atoms in size will need
'softer' radiation from the ultraviolet portion
of the spectrum. TIdeally, then, our bag of rad-
iation tricks should include the following range
of energies and wavelengths:

*Metrication note: In the International System
of units (SI), the preferred unit of length for
the sizes we're talking about is the nanometer,
which 1079 meter, or 10 3.
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Fig. l1--Part of the spectrum of electromag-
netic radiation. Longer wavelengths, such as
very low frequency radio waves, lie off the top
of the scale. Very energetic gamma rays produced
by cosmic radiation (energies greater than 1020
electron-volts!) lie off the bottom of the scale.
Although there is a vast range shown here, all
electromagnetic radiation is fundamentally the
same (same velocity, for example). When this
radiation is used to probe the structure of
matter (cells, atoms, protons), the wavelength
chosen should be as small as, or smaller than,
the dimensions of the structure being probed.
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Wavelength: 0.5 to 100 R
C. THE SSRP FACILITY

Energy: 0.12 to 25 keV

We turn now to a discussion of the SSRP
facility itself, starting with the synchrotron
radiation produced by SPEAR. We then follow
this radiation from SPEAR into SSRP, describe the
SSRP layout, and finally call attention to some
of the special research apparatus at SSRP.

4, Speaking In Colors

All electromagnetic radiation comes in dis-
crete "packets' or units called photons. We
have already seen that there is a simple inverse
relationship between the energy carried by a
photon and its "size" or wavelength: the higher 1. SPEAR's Rainbow Of Light
the energy, the shorter'thg wavelength. Fo¥ the The SSRP facility is located at SPEAR in
very narrow band of radiation that humap beings order to take advantage of the intense radia-
can actually see (?oughly between 4000 and tion that SPEAR gives off as a natural by-

7000 £), a change in w?velength or energy 1% product of its normal operation. This radia-
also see§ as a.change is color. ?o us, raﬁl?— tion is caused by the fact that the electrons

at 6500 is s%mply red light, Whl%e 4709 i %s traveling in a curved path around the SPEAR ring
seen ?s blue light. ?ecause of this, sc1ent%sts lose a certain amount of their energy on each
somgtlyes extend the idea of colors'to describe revolution. The radiation from SPEAR is emit-—
radiation even when they are referring to parts ted in the orbital plane of the electrons—-

of the electromagnetic spectrum that cannot flying off from the circular beam path in much
actually be seen. Thus ultraviolet radiation the same way that mud flies off from a spinning

is said to be bluer t?an visible light, and a . automobile tire. This kind of centrifugal or
?eam of gamma rays-whlch all have the same energy  “ihrown-off" radiation is characteristic of the
is sometimes described not only as monoenergetic class of accelerators called "electron synchro-

but also as monochromatic (all of the.same trons" (which includes SPEAR), and for this
color). In general, then, the following rather reason it has been given the name synchrotron

loose talk is used: radiation. For SLAC's purposes, the synchro-
bluer = harder = higher energy tron radiation given off by SPEAR is more of a
redder = softer = lower energy nuisance than a benefit, as Fig. 2 illustrates.

Which is probably a good place to stop the loose
talk and get on with the subject at hand.

Energy Of One
20-milliampere
Beam (GeV)

Radiation Loss
(kilowatts)

SPEAR T

SPEAR II

PEP 15 500

Fig. 2--Synchrotron radiation energy loss
at SPEAR and at (proposed) PEP. This synchro-
tron "mud" thrown off by the circulating beams
heats up the inner walls of the SPEAR vacuunm
chamber and also knocks gas molecules out of
the chamber walls. Thus both a water-cooling
system and an elaborate vacuum-pumping system

—--Photo by Joe Faust

Visiting experimenter Steve Kowalzyk from are required. 1In addition, a strong radio-
Lawrence Berkeley Lab is shown opening shutters frequency accelerating system is needed to
at the personnel protection control panel that give the beam particles a carefully timed
| was designed by Bruce Humphrey of SLAC. Rad-~ "kick" on each revolution in order to make up
iation shielding, plus the gates, shutterxs and for the energy lost by synchrotron radiation.
radiation monitors controlled by this system These problems rapidly become more difficult
permit experimenters to control access to as the energy of the beams is increased. For
their individual research areas in complete example, doubling the energy of one stored
safety, independent of the operation of SPEAR beam in SPEAR results in a 16-fold increase

and of other SSRP experiments. in the power lost to synchrotron radiation.































