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Final Focus Test Beam achieves nanometer beams
by Jill Mhyer

THIS PAST MAY, SLAC's Final
Focus Test Beam (FFTB) generated
the narrowest beam ever. Led by
David Burke of SLAC, groups from
the Budker Institute, DESY, Fermi-
lab, KEK, LAL, MPI Munich, and
SLAC worked together to produce
a beam whose height was only
one-tenth the wavelength of light.
Their accomplishment proves that
the large compression factors
required for next-generation linear
colliders (NLC) are within reach.

As the particle physics commu-
nity looks to create and study such
massive particles as the top quark
and the Higgs boson, it requires
extremely high energy beams, on
the scale of a trillion electron volts
(1 TeV). Unfortunately, the laws of
quantum mechanics dictate that as
the beam energies increase, the
probability of electrons within the
beams actually colliding plummets.

In order to guarantee a practi-
cal number of interactions, it is
necessary to increase the density
of the electrons and positrons
within the beams. As Peter Tenen-
baum, a physicist working on the
experiment, explained, they are
"creating a traffic jam by taking
out lanes rather than adding cars."

Last summer, the group com-
pleted construction of the FFTB.
The initial successes came this
May during its first dedicated run,
when the group produced an elec-
tron beam 75 billionths of a meter
high. This is about 1000 times nar-

rower than a human
hair. They accom-
plished this by
injecting a low-emit-
tance beam of 46
GeV electrons gener-
ated by the damping
ring and linac of the
Stanford Linear Col-
lider (SLC) into the
FFTB, which reduced
the beam by a factor
of about 320 in the
vertical direction,
according to Tenen-
baum. This magnifi-
cation factor is very
close to the factor of
380 required for the
NLC.

The FFTB com-
pressed the beam in two steps,
first to a height of one micron
(10-6 meters), and then to the final
spot size of about 75 nm (7.5 x
10-8 meters). The second step was
the tricky one-comparable to cor-
recting chromatic errors in a good
camera lens. This difficulty arose
because a given magnet will affect
electrons of different energies dif-
ferently. The more energetic elec-
trons are less amenable to the
magnetic forces. To focus all the
electrons in the beam to a common
point, the group used sextupole
magnets in a "chromatic correc-
tion" method based on experience
with the SLC. Dipole magnets
placed in front of the sextupoles
separated the more energetic elec-
trons from the less energetic ones

so that the sextupole magnets
could give a stronger kick to the
more energetic particles. That way,
all the electrons were given exactly
the push they needed.

New beam-based measurement
techniques and precision magnet-
movers were used to position
magnetic elements to within 20 to
30 microns of their ideal coordi-
nates, and a stretched-wire align-
ment system monitored the
displacement of these magnets. In
this system, a thin wire was
stretched through a series of tubu-
lar sensors attached to each of the
magnets. When the magnets
moved distances as small as a
micron, the sensors recorded the
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Continued from page 1

new location of the wire, and thus
the attached magnet.

Final checks of the optical prop-
erties of this beam line were made
using specially designed computer
algorithms. These tests all showed
excellent agreement with the FFTB
design parameters, and testified to
the craftsmanship involved in the
fabrication, installation, and test-
ing of its components.

The actual measurement of
such tiny beam sizes was a major
challenge. Wire scanners like those
used in the SLC were used to mon-
itor the micron-size beam, but
material science simply cannot
supply wire thin enough to mea-
sure a 75-nm beam, yet strong
enough not to break when
exposed to a 50-GeV beam. Com-
pletely new instrumentation had
to be developed to estimate the

Where we stand

SLC beams
FFTB goal
FFTB achieved
NLC projected requirements

beam size-for example, by inject-
ing jets of gas ions into the beam
path and observing their interac-
tions with the densely focused
electrons.

To precisely measure the small-
est spots, physicists from KEK
developed a method using an opti-
cal interference pattern. In this
innovative technique, a laser split
along two paths was redirected to
a common overlap to create a "tar-
get" of light and dark fringes.
When the group at SLAC swept the
beam of high-energy electrons
across this pattern, the electrons
from the beam scattered the laser
photons, so that the number of
photons that were kicked out of
the pattern indicated the size of
the beam. Only with a small
enough spot size could one focus
first on the peaks of the pattern,
hitting a lot of photons, and then

INCREDIBLE SHRINKING BEAMS
Cross sectional area of the beams

Ox
2.0 microns
1.0 microns
1.7 microns
0.3 microns
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0.800 microns
0.060 microns
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0.003 microns

on the valleys, hitting only a few.
With a larger beam, the number of
scattered photons remains roughly
constant because the cross-section-
al area of the beam covers several
peaks and valleys in the target,
and so moving the beam around
will not affect the number of pho-
tons it encounters. In this way, the
variation of the number of scat-
tered photons, as the electron
beam was swept across the target,
indicated the beam's size.

FFTB experiments will continue
this fall with the goal of producing
50-60 nanometer beam sizes and
developing techniques to control
these narrow beams over extended
running periods. These advances
will lead to the design of focusing
systems for future linear colliders.

Magnification

50
380
320

300-400

Based on beam sizes, the FFTB beam at 1.7 x 0.075 microns still has a long way to go to reach the projected
NLC requirements of 0.3 x 0.003 microns. In contrast, the FFTB magnification factor of 320 is already higher than
the required 300 times for the NLC. This apparent discrepancy can be explained by the fact that the focusing

equipment in the NLC will start with a smaller beam originating in its linac.

Welcome Guests and New Employees
Anthony Acosta, Plant Maintenance; Zoltan Bordas, Mechanical Fabrication; Jeffrey

Garcia, Mechanical Fabrication; Marshall Call, Controls; Bruce Campbell, Theory;

Stefan Choroba, Klystron; Qunshan Ding, Controls; Rosemary Dinelli, Purchasing;

Carlos Figueroa, Theory; John Gillespie, Theory; Lester Harwood, Experimental

Facility; Heidi Jarvis, Personnel; Darrell Jones, Purchasing; Janet King, Mechanical

Fabrication; Xiangcheng Kong, Controls; Teri Knight, Environment, Safety & Health;

Anatoly Krasnykh, Technical Division; Oscar Madrigal, Mechanical Engineering;

Eduardo Masso, Theory; Sharon Meadows, Controls; Mark Mills, Controls; Joan

Paz, Controls; Ingrid Pickering, SSRL; Tamara Richardson, Controls; Guadalupe

Salgado, SLD; Mark Samuel, Theory; Vincent Sanchez, Mechanical Fabrication;

Gennady Stupakov, Theory & Special Projects; Robert Todaro, Purchasing; Roy

Wang, Experimental Group E; Joseph White, Experimental Group C; David Whit-

tum, Theory & Special Projects; Andrew Young, Klystron; Nancy Yu, Research.
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And the winner is...
WHEN JOSE ESPINO was asked to report to the
Blue Room on Thursday, May 26, to do some painting,
he found that a meeting was underway. Understand-
ably, he was hesitant to barge into the meeting. Then
someone opened the door and asked him to come in.
Surprise! The painting job was a ruse and the meeting
was actually an awards ceremony honoring Jose
Espino and Balbir Gosal for their exceptional achieve-
ments in maintaining Waste Accumulation Areas
(WAAs).

Balbir Gosal had been asked to attend what he
thought was a run of the mill ES&H meeting and was
pleased to discover that it was, instead, an awards cer-
emony.

Associate Directors Matt Allen and Ewan Patterson
presented the first-ever certificates of achievement for
maintaining WAAs to Jose and Balbir. The awards are
part of a new initiative to recognize quality. Congratu- Shown left to right are Ewan Patterson, Balbir Gosal,
lations Jose and Balbir! Jose Espino, and Matt Allen.

Melinda Saltzberg

New regulation makes carpools advisable
A NEW REGULATION becomes
effective July 1, 1994, that could
affect all SLAC employees. The
regulation is aimed at decreasing
air pollution emissions from
motor vehicles by reducing motor
vehicles use for traveling to and
from work sites. Performance
objectives that set limits on the
total number of vehicle trips per
employee must be met. To deter-
mine if SLAC currently meets these
standards a survey of all employ-
ees will be conducted in Septem-
ber. If the

at SLAC during peak commute
hours exceeds the standards, a trip
reduction plan must be devised
and submitted to the Bay Area Air
Quality Management District.
Employees will be encouraged to
participate in forming such a plan.
Even if SLAC meets the standards
set for 1994, the performance objec-
tives for future years will increase,
necessitating programs to signifi-
cantly reduce commute trips. SLAC
will have to form a partnership
with local governmental agencies

and all employees to achieve

congestion, improving air quality,
and reducing the number of singly
occupied vehicles arriving on site
during the peak hours of 6:00 AM

to 10:00 AM. Watch for the trans-
portation survey to arrive on your
desk later this year. It is important
that SLAC report accurate informa-
tion to comply with these new reg-
ulations. Please fill out your
survey because surveys not
returned must be counted as
single-driver employees and may
misrepresent your commuting
efforts.

In the meantime, why not do
your part to reduce both single-
occupancy trips to SLAC and the
stress of driving through conges-
tion to get to work. Contact SLAC's
Transportation Coordinator,
Bernie Lighthouse, at ext. 2358 for
the latest transit schedules or a
"match list" of employees living
near you to help form a car pool.

-Lee Lyon
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Rogues' Gallery featured in Central Lab
IF YOU VISIT the Central Lab
Lobby, you will notice that the
walls are lined with panels of over
two hundred faces. Some you will
recognize, and others will be
entirely new. The people in these
candid photographs are some of
the most established members of
the international high-energy
physics community, but do not
represent the entire field today,
which includes an increased per-
centage of women and minorities.

Together the photographs com-
prise a touring exhibition, pro-
duced and loaned to SLAC by Bob
Palmer, a physicist who divides
his time between SLAC and Brook-
haven National Laboratory (BNL)
in New York. He produced the
portraits over a number of years at

Recycling small
THESE DAYS, everyone at SLAC
is looking for ways to pinch pen-
nies. Harry Shin and James
Alexander, both of Plant Engineer-
ing, are no exception-they have
found a way to save the laboratory
$45,000 each year.

Harry and James have devel-
oped an inexpensive, environmen-
tally-safe way to dispose of
propane cylinders. Many of us
have used these cylinders for
camping stoves and lanterns; at
SLAC they are generally used for
plumbing torches. Until now, the
problem with disposing of the
cylinders has been that no one
could ever empty them complete-

physics conferences, committee
meetings, and in more casual set-
tings. The collection continues to
change (including correcting
spelling errors in names) and
grow, as he maintains his involve-
ment in the physics community.

Originally from England,
Palmer is now an American citi-
zen, and has been active in US
physics laboratories for many
years. He has worked in both par-
ticle physics and accelerator
physics and is an expert on super-
conducting magnets. A past direc-
tor of BNL, he was also a charter
member of the Superconducting
Super Collider Scientific Policy
Committee. Most recently, he
received the 1993 Panofsky Prize
for the discovery of the omega

minus particle, an honor that he
shared with Nick Samios and
Ralph Shutt. A photograph of
Palmer, taken by his wife, is in the
lower left-hand corner of panel #1.

On loan to SLAC for a three-
month exhibition, the artwork
demonstrates Palmer's interest in
the people who explore physics
and his desire to document the
collaborations of physicists from
around the world. Because the
candid pictures display a variety
of expressions, taken from many
different angles, each portrait
retains its individual structure.
Together they comment on the
vitality and unity of the physics
community at the time.

-Jill Mhyre

cannisters results in big savings
ly. Because there was always which allowed them to "vent" the
residual propane, the cylinders cylinders. They also wrote a proce-
were considered hazardous waste. dure for the system, but the tool
Therefore, SLAC had to pay $375 was never approved.
(yes-three hundred seventy-five Rich Cellamare of ES&H then
dollars) to dispose of each cylin- discovered a system manufactured
der, which originally cost only by Aervoe-Pacific for puncturing
$2.49. the bottom of the cylinder to

Michael Scharfenstein of ES&H release the remaining propane.
suggested to Harry and James that This tool sells for $1,000, which is
the cylinders could be disposed of the cost of disposing 2.67 cylinders
as scrap steel if someone could using the old method. Plant Engi-
find a way to remove all the neering purchased this system,
propane. So Harry and James rewrote the procedure, and is now
developed a special tool (which in the business of processing SLAC
looked suspiciously like a bent propane cylinders.
nail with a notch cut in the end) to
remove the tank valve cores,

-Sarah Morisseau
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When a FAX calls you
IN LAST MONTH'S Interaction

Point article, "Sound of FAX Call-
ing," I described what you hear
when someone mistakenly dials
your phone number, thinking it's a
fax number. In response, Roxanne
Jones of ES&H sent me e-mail in
which she mentioned various
things she tried that didn't work
to solve that problem. Roxanne
went on to say what did work for
her: "Finally, I came up with a
solution that worked. As soon as I
get a call from a fax machine, I
hang up my phone and forward it
to my local fax machine. In most
cases the fax will come through
within five minutes. As soon as I
get the fax, I call the recipient and
let them know that someone has
just sent me a fax using my exten-
sion. This usually solves the prob-
lem until another person tries to
send me a fax on my extension.
However, now instead of receiv-
ing four or five phone calls in a
row from a fax machine I only get
one."

To use this solution yourself,
follow these directions.

To forward calls on a single-
line phone:

1. Lift the phone receiver.
2. Press #1 (pound sign and 1),

and enter the number of the
nearest fax machine.

3. Hang up.
To forward calls on a secretarial

phone:
1. Lift the phone receiver.
2. Press the "call fwd" button

and enter the number of the
nearest fax machine.

3. hang up.
To cancel "forward" on a

single-line phone:
1. Lift the phone receiver.
2. Press #1.
3. Hang up.
To cancel "forward" on a secre-

tarial phone:
1. Lift the phone receiver.
2. Press the "call fwd" button.
3. Hang up.
If your phone is forwarded to

the local fax machine and you
don't want to take the chance that
caller will be routed to that fax
machine while trying to reach you,
simply transfer the fax call to your
local machine.

To transfer a call on a single-
line phone:

1. Press the cradle button of
your phone.

2. Dial the local fax phone
number.

3. Hang up.
To transfer a call on a secretari-

al phone:
1. Press the "conf 3" or "call

trans" button.
2. Dial the local fax number.
3. Hang up.

ulse Vinson

Wrong number
SEVERAL PEOPLE at SLAC have
recently received telephone calls
on their rollover numbers meant
for individuals at a company
called Informix. Rollover numbers
at SLAC are telephone extension
numbers 5500 and above. These
numbers are not direct-inward
dial (DID) numbers, which means
that they can be used to receive
calls from within SLAC and to call
outside of SLAC, but cannot
receive calls from the outside
when dialed directly.

Apparently DID phone num-

bers in the range (415) 926-55xx
have been assigned to Informix.
The use of these numbers as DID
numbers by Informix and as roll-
over, non-DID numbers by SLAC
normally doesn't conflict, except
when the central office of the local
telephone company incorrectly
programs their central office tele-
phone switch. Such incorrect pro-
gramming has apparently been
the cause of such Informix num-
bers being incorrectly routed to
SLAC rollover numbers.

We ask your help in dealing
with Informix calls incorrectly
routed to SLAC:

1. Tell the caller that their call
to Informix has apparently been
incorrectly routed to SLAC by their
local telephone company.

2. Ask the caller to contact
their local telephone company,
explain to them that the call to DID
number (415) 926-55xx was incor-
rectly routed to SLAC non-DID
number (415) 926-55xx, and ask
them to correct the problem.

If the problem persists, call the
Telecommunications trouble num-
ber, ext. 2200.

Ilse Vinson
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Not for women only: "feminist economics"
CONTEMPORARY ECONOMICS
has tried to model itself after
physics, according to Myra Strober,
associate dean of Stanford's School
of Education, in a recent presenta-
tion on "feminist economics"
sponsored by the Women's Inter-
change at SLAC. Primarily a criti-
cism of economic theories that
focus only on measurable, or
quantifiable commodities, feminist
economics challenges the exclu-
sion of cultural and interpersonal
factors from the domain of
inquiry.

Strober argues that much that is
"of value," both to individuals and
society, is not quantifiable-like the
value of hours a parent spends at
home with a sick child instead of at
work, or the worth of a forest as
distinct from the market value of
the timber in it. Such intangibles
have no representation in the stan-
dard economic model. Feminist
economists hope to broaden the
notion of what is of value to
include things that are harder to
measure but equally if not more
important to economic well-being
than an increase in the GNP.

As for the "feminist" aspect of
feminist economics, Strober
explains that current models of
economics tend to "reinforce the
status quo." Because the status
quo "favors the interests of the
haves over the have-nots," and
since women are disproportionate-
ly represented among the have-
nots, current economic models
tend to short-change the interests
of women, Strober claims. Femi-
nist economics hopes to transform
the supply-side focus of the field
to eliminate this bias and improve,
not only the economic status of
women, but the well-being of soci-
ety as a whole.

The field of economics tradition-
ally concerns itself with the eco-
nomic well-being of mankind. "The
problem is," Strober says, "in the
present model, this ends up refer-
ring only to selfish people who are
competing for scarce resources."
This unfortunately leaves no place,
she argues, for altruism, coopera-
tion, or abundance, all of which are
part of the human experience and
which should be part of a better
theory of economics.

Myra Strober, associate dean of
Stanford's School of Education.

At present, feminist economics
is just a critique of the prevailing
perspective in the field, but soon
Strober hopes to offer an alterna-
tive model of her own. The long-
term goal may well be "human
economics," but until sexism dis-
appears, "feminist economics" is a
necessary step along the way.

-Kathryn Henniss

Answers to puzzles printed in June

1. How does this series continue?

6 24 20 5 9 36 32 ? ?

Answer: 8 and 12

6(x4), 24(-4), 20(-4), 5(+4),
9(x4), 36(-4), 32(-4), 8(+4)

2. Complete the missing numbers:
7x4x8x6x2 2x6x8x8 768
8x2x6x8x7 5x3x7x6 630
7x9x9x8x8 3x6x2x8x8 2304

3. In the following multiplication
sum, each asterisk represents a
prime number (2, 3, 5 or 7). Can
you reconstruct the problem and,
using no other numbers, find the
answer?

7 7 5 x
3 3

2 3 2 5
2 3 2 5
2 5 5 7 5

4. Divide this square into four parts,
each identical in size and shape,
so each part contains three dots.

5. Arrange the numbers 1 to 9 in this
3 x 3 grid so each row and each

column, and the two main diago-
nals add up to 15.

672

5. Arrange the numbers 1 to 16 in
this 4 x 4 grid so each row and
each column, and the two main
diagonals add up to 34.

1612 3 13
511110 8
9 7 112
4 14 1511
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Now fully operational

1st world-wide Internet connection with China
ON MAY 17, Beijing's Institute for
High-Energy Physics (IHEP)
became the first Chinese institution
to have a fully operational world-
wide networking connection to the
Internet. The connection is made
via a direct circuit to SLAC and then
on to FIX-West, the West Coast
interconnection point for all major
Internet networks. Internet is the
world's largest information net-
work, described by Paul Gilster in
his book, The Internet Navigator, as
"a worldwide, interconnecting,
communicating amalgam of more
than eleven thousand networks, ten
million users, and a growth rate
that makes attempts to quantify it
in print necessarily obsolete...."

Nearly a decade ago, Pief
Panofsky and T.D. Lee encouraged
physicists at IHEP to build a stor-
age ring that resulted in construc-
tion of the Beijing Electron
Positron Collider. During that
time, SLAC assisted IHEP in the
design of the collider based on our
experience in constructing and
operating SPEAR. In April 1989,
the Beijing Spectromenter (BES),
which was designed after the
Mark III detector, was moved into
the interaction region of the collid-
er. Walter Toki, formerly Assis-
tant Professor with Group C, was
instrumental in bringing about the
historic event of forming the first
formal US/China physics collabo-
ration between IHEP, SLAC, MIT,
CalTech, UC Irvine, the University
of Illinois, and the University of
Washington. This was the largest
science and technology collabora-
tion ever between the US and Chi-
na (see "MARKing History with 1st
US/China Physics Collaboration,"
Interaction Point, March 1991).

After overcoming considerable
problems, another historic mile-
stone was achieved on March 1,

1993 when a direct computer net-
working link from SLAC to IHEP
using a satellite-link replaced com-
munication via the international
public X.25 network, a much slow-
er, less reliable, and more expen-
sive means (see "SLAC Networking
Link with China Now Opera-
tional," Interaction Point, March
1993). After a year of successful
operation between SLAC and IHEP,
network connectivity was extend-
ed to ESnet (that is, all DOE non-
classified sites) on April 25, 1994
and then to the world-wide Inter-
net community on May 17.

Support of Chinese collabora-
tors in TRISTAN experiments at
KEK in Japan and for KEK-IHEP
collaborations in research and
development of constructing accel-
erators is also needed. A new
64kbps terrestrial link from KEK to
IHEP is being created. An optical
cable between Miyazaki, Japan
and Shanghai in China was com-
pleted in December 1993. Domes-
tic optical links within China
including a link from Shanghai to
Beijing are being installed. A ter-
restrial link from KEK to the US
already exists. Once the KEK/IHEP
link is operational, the SLAC/IHEP
link will be cancelled to save mon-
ey, and US collaborators will com-
municate with IHEP via KEK. The
change from the SLAC-IHEP link to
the KEK-IHEP link awaits a conve-
nient time for the BES experiment
at IHEP.

China is a huge country with
enormous potential and ambitious
plans to open up electronic com-
munications. The high-energy
physics community deserves
praise for pioneering one of the
first direct electronic links from the
outside world into China, and
helping to draw China into the
global internet community.

SLAC Pub 6478, available from
SLAC Information Services, pro-
vides more details on this historic
event and the events leading up
to it.

Charlie Granieri and Ilse Vinson

7



Theory thrills in 11-9 repeat victory
A THREE-RUN RALLY by The-
ory broke open a ninth-inning tie
game in the annual Theory vs.
Experiment Softball rematch at
SLAC's Day on the Green Sunday,
June 5. The 11-9 Theory victory
was not ensured until shortstop
Howie ("The Hustler") Haber
snared the game-ending pop fly,
leaving the winning run at the
plate and stranding two runners
on base.

According to pleased and
relieved player coach Sid
("Lefty") Drell, "This is the fourth
victory in six years for Theory
and two in a row. A three-peat
next year is entirely possible."

At the toss of a coin Experi-
ment Captain Mike ("Mayhem")
Woods called and won. But it was
the only victory of the day by
Experiment as they took the field
with grand hopes of recapturing
the crown.

Theory got off to a fast start,
posting a three-run lead in the
first inning on homers by Haber
and Lance ("Captain America")
Dixon. Experiment squeezed out
a run in the second on an RBI sac-
rifice by David ("The Iceman")
Leith and tied the score in the
third on RBI's by Dick ("Z-Man")
Zdarko and Mourad Daoudi.

A pitcher's duel between The-
ory's James ("Bj") Bjorken and the
Experiment pitching tandem of
Leith and Zdarko provided high
drama to a tension-filled game in
the middle innings. Bjorken baf-

The winning theory team, left to right, back row: Wing Kai Wong, Patrick
Huet, Howard Haber, Lance Dixon, James Bjorken; middle row: Scott
Thomas, Tom Rizzo, Sid Drell, Ovid Jacob, Dieter Mueller; front row:
JoAnne Hewett, Juan Garcia-Bellido, Harald Anlauf, Carl Schmidt.

fled Experiment batters in the
fourth, fifth, and sixth innings.

In the top of the seventh, the
Theory hitting machine scored
three more runs, increasing the
lead to 8-3. Singles by JoAnne
("Jet") Hewett, Tom Rizzo, and
Ovid Jacob were capped by a two-
out, two-RBI line shot by Bjorken.

Experiment exploded for three
runs of their own the bottom of
the seventh. Drell's patented
knuckler stealth pitch was
uncloaked and hammered by
inspired Experiment hitters. Tracy
Usher and David ("Kid") Cal-
loway smashed long ball shots
that shortened the Theory lead to
8-6.

The longest home-run shot of
the day was produced by Experi-
ment's Derek Leith, who blasted a
big dinger all the way to the cor-
ner of the A&E Building.

The game was deadlocked
when Theory opened the ninth
inning with the top of the batting
order. Tension gripped the stands
once again as Theory tallied three
runs off the hard-hitting bats of
Haber, Dixon, Huet, and Drell.

Perhaps the biggest inspiration
of the day was provided by
Experiment player coach Burt
("Big Daddy") Richter. Shortly
before the game, Big Daddy was
scratched from the line-up due to
doctor's orders. According to
some, this was all the edge Theo-
ry needed for victory.

After the game, Richter was
heard to comment, "These Theo-
rists take the game too seriously."
Perhaps so, but long after the
players had left the field you
could still hear the echoes of the
Theory chant: "Three-peat, three-
peat..." -Nina (Stats) Stolar
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