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NEW AT SLAC

X-rays at SLAC expose theorems of
Archimedes under medieval prayers

By Marion Softky
Almanac Staff Writer
modern marriage of
ancient wisdom with
space-age technology at
the Stanford Linear Accelerator
Center (SLAC) is producing new
insights into the mind and work
of one of the greatest mathemat-
ical thinkers of antiquity.

Just this year, scientists have
aimed powerful X-ray beams at
faded pages of a scruffy medi-
eval prayer book and come up
with long-buried writings of
Archimedes that shed new light
on his discoveries about floating
objects, mechanical theorems,
and even a mathematical game.

Greek copies of Archimedes’
originalworks were recycled by
a medieval monk inConstanti-
nople, who wrote a prayer book

on top of the parchment after
scraping and washing it to erase
the old writing.

“The Archimedes Palimpsest”
{a palimpsest is a document that
has been erased and written
over) is now on loan to the Wal-
ters Art Museum of Baltimore.
It is being studied by scientists
and scholars from all over the
country to tease out the mes-
sages under the Latin prayers
and later forged pictures of
gilded saints.

Just this summer, the news
media watched as a beam of
high-powered X-rays from the
Stanford Synchrotron Radia-
tion Laboratory (SSRL) at SLAC
zapped the most difficult pages
that had resisted gentler tech-

- niques. The ‘hair-sized beam

— brighter than a million

suns — penetrated dirt, mold,
gilt paint, and medieval ink to
reveal Greek writing and dia-
grams from Archimedes’ trea-
tise, “The Method of Mechani-
cal Theorems.”

“We're getting a vastly bet-
ter understanding of one of
the greatest minds of all time,”
says Uwe Bergman of Menlo
Park, the SLAC physicist who
first realized that X-rays from
the SSRL could excite the iron
in the original ink and make it
glow. “We're also showing it is
possible to read completely hid-
den textsin ancient documents
without harming them.”

,Twisty tale,

in Germany, rehshes the twisty

2,000 years before Newton and

tale of how Archimedes’ work
filtered from Syracuse in Sicily,
where Archimedes was born in
287 B.C., to SLAC in California
in 2006.

Archimedes, of course, may
be most famous from the leg-
end that gave us the expression
“eureka.” As he was sitting in his
bath, the story goes, he figured
out how to measure the volume
of a solid — and then ran naked
through the streets of Syracuse
shouting “Eureka” (“I have
found it!”).

Archimedes’ works covered
an extraordinary range, from
calculating pi and discovering
the laws governing levers, to
inventing pulleys, catapults and
devices that crashed or clawed
Roman ships. He invented a
pump that worked like a screw
and is still used today.

“He was a genius,” says Dr.
Bergmann. “He was dealing with
infinity “and ‘calcu ‘

Leibniz.”

Archimedes was a towering
figure in his time. His works
were transcribed onto papyrus.
As the papyrus failed, his works
were copied onto parchment
made from animal skins. The
copy that became the palimpsest
was made in the nioth century.
“It .may have been a copy of a
copy of a copy. No one knows,”
Dr. Bergmann says.

In 1229, a monk needed some
parchment for a prayer book, so
he raided the library and col-
lected several old documents.
It was probably too expensive
for the monastery to make its
own parchment, Dr. Bergmann
notes. “It takes a flock of sheep
to make a prayer book. This was
medieval recycling.”

In making the prayer book,
the monk first scraped the pages
and washed the Archimedes
script with a mild acid like

lemon juice. Then he cut the

See ARCHIMEDES, page 16

{mageé produ‘ced by Rochéster Institute bf Technology/lohn Hopkins University, and the Stanfdrd Lineayr Acce!eratyor‘()enter (SLAC) © Owner of the Archimedes Palimpsest
Powerful X-rays at SLAC penetrated the forged gilt picture of St. Matthew in the Archimedes Palimpsest to reveal medieval prayers horizontal, and Greek text, vertical, from
Archimedes’ treatise, “The Method of Mechanical Theorems.”
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Science center confirms dark matter that makes
up most of the universe, and new theorems by
master-mathematician Archimedes

Dark matter confirmed
in colliding galaxies

Marusa Bradac, of Menlo Park and Slovenia, performed the simulation that confirms the existence of'th

invisible dark matter that makes up much of the universe.

By Marion Softky

Almanac Staff Writer

ince the 1930s, astronomers

have recognized that the

universe contains far more
matter than can be explained by
all the stars and planets and gal-
axies that can be observed.

Now, scientists at SLAC, study-
ing a collision of galaxy clusters
three billion light years away,
have confirmed the existence
of the invisible dark matter that
gives the universe its gravita-
tional heft.

“We had predicted the exis-
tence of dark matter for decades,
but now we've seen it in action.
It’s groundbreaking,” says astro-
physicist Marusa Bradac, of
Menlo Park and Slovenia.

Dr. Bradac, who is a postdoc-
toral fellow at the Kavli Institute
for Astrophysics and Cosmology
(KIPAC) at SLAC, did a comput-
er simulation of the collision of
two clusters of galaxies in what
is called the “Bullet Cluster,”
possibly the largest explosion
since the Big Bang launched the
universe we know,

“The simulation shows how

Sory b

the collision happened and
what happened afterwards,” Dr.
Bradac says during an interview
at the Kavli Institute, which
just opened last spring. “All the
gas (and stars) stayed in one

“place, and the dark matter kept

going.”

Weird stuff

Dark matter has proved
extraordinarily difficult to pin
down, because the evidence
of its existence is indirect, Dr.
Bradac explains. We know it’s
there because clusters of galaxies
are far more massive than their
visible parts. Yet it doesn’t shine
or give off light or heat or any
signal we can detect; it interacts
with other matter only through
gravity. ~

To confirm the existence of
dark matter, scientists used
the technique of gravitational
lenses. These are based on an
effect, first discovered by Ein-
stein, that a massive object can
bend the light from galaxies
behind it. “With gravitational
lenses, we can measure the mass
that bends the light,” says Dr.

The Almanac/Marion Softky
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Bradac. “We still can’t ‘see’ it
because it doesn’t shine. But we
can see its effects.” ‘

The latest discovery comes
from a huge collaboration of
scientists, using four major
telescopes, including the Hubble
Space Telescope and the orbiting
Chandra X-ray Observatory.
They mapped the distortions
caused by the bullet cluster in
the positions of galaxies in the
background.

The result showed four sepa-
rate clumps of matter: two large
clumps of dark matter speeding
away from the collision, and
two smaller clumps of luminous
matter trailing in their wake. “I
actually measured the gravita-
tional lens effect and discovered
where the dark matter is posi-
tioned,” says Dr. Bradac.

“These measurements are
compelling,” adds KIPAC Direc-
tor Roger Blandford of Menlo
Park. “The direct demonstra-
tion that dark matter has the
properties inferred on the basis

See DARK MATTER, page 16

ocated on 430 acres of

Stanford land in the foot-
hills south of Sand Hill Road,
the Stanford Linear Accelera-
tor Center (SLAC) has been
exploring the makeup of
matter since 1962.
The heart of SLAC is the lin-
ear accelerator, which speeds
electrons through a two-mile
tube at nearly the speed of
light. As they crash into other
particles at a target, scientists
can study the basic structure
and behavior of matter,
Five scientists have been
awarded

" funded by the Department
of Energy, and operated by
Stanford under contract.
Over the years, SLAC has
‘expanded its staff and its
research. It now employs
1,500 people; some 3,000
scientists from around the
world conduct research at
SLAC every year.
_Research at SLAC falls into
- three major areas that range
- ‘from studying the smallest
~ of particles to the whole uni-
verse:
@ Photon science: The Stan-
ford Synchrotron Radiation
- Laboratory (SSRL) uses
* high-energy X-rays emitted
by electrons rotating inside a
ring to study different mate-
“rials.  Practical experiments
have included studies lead-
‘ing to designer drugs, pol-
lution-control equipment,
“treatment for osteoporosis,
and ~ this year — new pages
“from Archimedes.
Wi Particle physics: BaBar
is the world’s largest experi-
ment examining the differ-

‘anti-matter, according to

public information - officer
- Neil Calder. Six hundred
~ physicists from 11 countries
“study the results of colli-
sions between B-mesons and
anti-B mesons spinning in

‘ence between matter and

SLAC pushes
frontiers of science

opposite directions around
an underground ring.
B The universe: The new

Kavli Institute for Particle

Astrophysics and Cosmol-
ogy (KIPAC) is expanding
SLAC's research on particles
to the scale of the universe,
with research on thé dark
matter and dark energy that
make up most of the uni-
verse. -

SLAC is also engaged in a
major new project. Bulldoz-
ers are preparing for the offi-
cial groundbreaking in late
October of a breakthrough

e Lina erent Lig
Source  (LCLS) will ‘the
world’s first free electron

X-ray laser. This will produce
high-energy X-rays that are

- coherent and with identical

wavelength, leading to the
ability to do research at even
smaller distances and shorter
times. It will open in 2009.
Scientists at SLAC are also
collaborating with an inter-
national group to plan the
next-generation linear accel-
erator. To be called the Inter-
national Linear Collider, it
will also be an electron accel-
erator, but 40 miles long.
“It won’t be here,” said Mr.
Calder c

— Marion Softky
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X-rays at SLAC expose theorems of
Archimedes under medieval prayers

ARCHIMEDES

continued from page 14

pages in half, and rotated them
90 degrees, so that his writing
was horizontal while the old
writing was vertical. “That’s
nice,” Dr. Bergmann says. “We
can see both inks and separate
the texts.”

The palimpsest surfaced pub-
licly on July 7, 1907. The front
page of the New York Times
proclalmed “Big therary Find
in Constantinople.” A Danish
scholar had recognized it and
bought it. Later he translated it
to the best of his ability.

Aforger got hold of the palimp-
sest after 1939, and painted over
four pages with gilt pictures of
the four evangelists.

The palimpsest surfaced again
in 1998, when an anonymous
American bought it for $2 mil-
lion at Christie’s. He loaned it to
the Walters Art Museum in Bal-
timore, and supported extensive
research to find and interpret
the Archimedes text.

Actuaﬂy, the 174-page palimp-

- sestis not made up just of Archi-

medes documents, it contains
four other ancient books, Dr.
Bergmann notes.

Eureka

Dr. Bergmann never heard of
the palimpsest until 2003. He
had earned a Ph.D. from the
State University of New York at
Stoneybrook, writing his thesis
at Brookhaven National labo-
ratory using X-rays “I develop

novel X-ray techniques to study _

Owner of the Archimedes Palimpsest;SLAC
A yet-to-be interpreted diagram
from Archimedes' "Method of
Mechanical Theorems” was discovered
under medieval writing at SLAC by
shining powerful X-rays tuned to
detect calcium and make it fluoresce.

all sorts of problems,” he says.
By 2003, he was working at the
SSRL and living in Menlo Park
with his wife, Elisabetta, and
their daughter Sofia, a third-
grader at Oak Knoll School.
Dr. Bergmann credits his

~ discovery of the palimpsest to

his mother. He was visiting his
family in the Black Forest while
attending a conference on pho-
tosynthesis. At the time he was
studying spinach, using X-rays
to excite manganese and iron.
His eureka moment came one
evening when he was reading a
pile of clippings put out for him
by his mother. An article on the
palimpsest mentioned that the
ink contained a lot of iron.
Wow! “I thought, if we can
study iron in spinach, we should
be able to detect it in ink,” he

recalls. “T was 100 percent con-
vinced. That was my eureka
moment.”

Dr. Bergmann contacted the
Walters Art Museum, attended
a workshop, and did tests to
prove the X-rays would not
harm the fragile manuscript. In
May 2005, the first pages came
to SLAC; they included one of
the forged pages with the gold
paint, which are the hardest to
read. “We didn’t image anything
important, but we showed we
could do it,” he says.

To scan one page takes 12
hours. The X-ray beam, the size
of a human hair, pulses back and
forth across the page; it shuts off
at the end of each line to protect
the paper. The beam is tuned to
a frequency that makes iron, or
sometimes other elements, fluo-
resce, For one page, it makes 15
million measurements.

Discoveries

Results started to pour out
when several pages including
those covered with evangelists
Mark and Luke came back to
SLAC in March 2006.

The beam focused on the first

irol x-ray Image uhoovers webings
frem On Floswing Bodivs and
complets selophon by monk
(ower pat} insloding dete sad his
e

e Q007081 View of section from folis §

page of a book called Folio 1.
Dr. Bergmann exults, “Not
only could we read the whole
Archimedes text, we could
read the name of the culprit.”
Johannes Myronas dedicated
his prayer book with a flourish
on April 13, 1229.

The scientists and scholars
who interpret what they find,
were excited to be able to read
major sections of Archimedes’
famous treatise “On Floating
Bodies.” “One page was never
read before,” says Dr. Bergmann.

These pages, which had been
copied in Greek, differed in
some respects from Latin trans-
lations that have been available
to scholars, Dr. Bergmann notes.
“We were the first in modern
times to read the treatise in its
original Greek,” he says. “There
are differences.”

In August, the SLAC team
scanned more pages, including
those under evangelists Mat-
thew and John. These contained
Archimedes’ most important
work, “'I he Method of Mecham«

grams, says Dr Bergmdnn

Owner of the Archimedes Palimpsest; SLAC

The X-ray image, lower right, of the text shows the dedication by the
Byzantine monk who penned the palimpsest in 1229, Johannes Myronas,
along with new theorems from *On Floating Bodies.”

SLAC
Uwe Bergmann of Menlo Park at
the Stanford Synchrotoron Radiation
Laboratory, where high-powered
Yerays reveal the Greek script by
Archimedes.

The Web site, www.archime-
despalimpsest.org, notes that
two treatises: The Method of
Mechanical Theorems” and the
“Stomachion,” are found only in
the palimpsest.

Dr. Bergmann hesitates to
interpret much of the material
the team has unearthed, because
it needs extensive further analy-

“The scholars have a lot of
work over the next two years,”
he says.

So far SLAC has scanned 14 of

;ﬁ-the 174 pages of the palimpsest,

including images overlapping
on both sides of each page. Dr.
Bergmann and the palimpsest
team are busy planning fof a
return visit for more pages early
nextyear.

Dr. Bergmann hopes they will
pursue the Stomachion. This is
a game like Tangrams, only it
has 20 shapes that can be assem-
bled into a rectangle in 14,000
ways. “Archimedes wrote a trea-
tise about that.” &
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of indirect arguments shows
that we are on the right track
in our quest to understand the
universe.”

Park matter and beyond

Dark matter is only part of
the mysteries of the universe
that scientists are probing; past
observations have shown that
only a very small percentage
of the mass in the universe
-— maybe 5 percent — can be
explained by regular matter.

“A universe that’s dominated
by dark stuff seems preposter-
ous, so we wanted to test wheth-
er there were any basic flaws in
our thinking,” says Doug Clowe

of the University of Arizona, one
of the leaders in the study. “We
believe these results prove that
dark matter exists.”

From there, it gets even more
confusing. Dr. Bradac estimates
that about 25 percent of the uni-
verse is dark matter, 5 percent is
luminous matter, and 70 percent
is dark energy.

“Dark energy is even more
mysterious,” Dr. Bradac says.
She refers to theories suggest-
ing that dark energy is a form
of material that exerts negative
pressure that causes the uni-
verse to expand faster and faster,
rather than collapsing.

This kind of mind-stretching
thinking makes Dr. Bradac love
her time at SLAC. She comes
from Slovenia, part of the old
Yugoslavia, and earned her
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Ph.D. in astrophysics from the
University of Bonn in Germa-
ny. She is here on a three-year
fellowship.

“It’s so exciting here,” she
says, especially the interface
with scientists studying such
varied subjects, She hopes the
particle physicists, working
with SLAC’s accelerators, will
be able to detect some effects of
dark matter.

“Dark matter particles barely
see each other; they interact
only gravitationally,” Dr. Bradac
says. “We tell particle physicists
about properties they are trying
to detect. The accelerator people
will be trying to detect dark
matter particles,

“Bridging the gap between
particle physicists and astro-
physicists — that’s great.” B
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This photo-realistic rendering of the blrth of the first star shortly
after the Big Bang was created by John Wise,
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