DOE Princeton Plasma Physics Laboratory

VOL. 4, NO. 3 « WINTER 2001

A YYLNELS

The Princeton Plasma Physics Laboratory is a United States Department of Energy Facility

Scientists Encouraged by NSTX Results

High Beta with Good Confinement Reported

By Anthony DeMeo

he use of neutral-beam injection heating on the
National Spherical Torus Experiment (NSTX),
coupled with good confinement, has allowed the NSTX
National Research Team to produce a plasma toroidal
beta of up to 22.5 percent based on magnetic measure-

ments. “Initial results are extremely encouraging. We
hope to reach 25 percent during the next experimental
campaign, more than one year ahead of schedule,” noted

NSTX Project Director Masa Ono.
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Fusion power production is roughly proportional to
the square of the plasma pressure. Toroidal beta is the
ratio of plasma pressure to magnetic field pressure ap-
pliedinthelong direction of the spherical torus. A higher
beta means that greater plasma pressure, thus substan-
tially morefusion power output, isachieved with agiven
magnetic field strength. The cost of afusion reactor will
rise with the strength and size of the magnetic field coils.
Consequently, higher betas in NSTX could lead to the
development of smaller, more economical fusion reac-
tors. The highest toroidal beta value produced by atoka-
mak stands at about 13 percent.

PPPL physicists, their colleaguesfrom 13 other U.S.
institutions comprising the NSTX team, and collabora-
torsfrom Japan, Korea, and the United Kingdom, worked
together on the recent experiments. The highest betawas
achieved with only three million watts of neutral-beam
heating power. Five million watts of heating power will
be applied during the next campaign to enablethe physics
studies at increased plasma pressures.

Quite surprisingly, the observed energy containment
efficiency of the NSTX plasmaimproved by as much as
afactor of two as neutral-beam heating was added to the
resistive heating. Furthermore, theNSTX plasmaentered
a state known as the “High Confinement Mode”— the
first time for NSTX. Plasmas in the so-called H-Mode
demonstrate substantially improved confinement with a
density that is about as high at the edge of the plasma as
it is at the center. This bodes well for the prospect that
NSTX eventually will have adequate heating power to
test the theoretically predicted toroidal betavaluesin the
range of 40 percent. In the coming months, the NSTX
National Research Team and the PPPL Theory Depart-
ment will useresultsnow emerging from NSTX torefine
and expand model sfor high-betaspherical torus plasmas,
enabling a better understanding of the plasma stability
and confinement properties.
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Ono attributes the recent success to the December
1999 achievement of one million amperes of plasma
current, nine months ahead of schedule, which set the
stage for the current experiments. He also noted that
NST X isbuilding on previousresultsfrom machinessuch
asPPPL’sTokamak Fusion Test Reactor (TFTR) and the
DIlI-D tokamak at General Atomics in San Diego. For
example, theNST X neutral-beaminjectionsystem, which
became operational on September 13 within budget and
ahead of schedule, draws heavily on TFTR design, hard-
ware, and operating experience. The system cost $6
million and took two years to complete.

Using techniquesdevel oped on TFTR and other toka-
maks, researchers have been able to minimize plasma
impurities in NSTX, especially heavy metals, which
absorbenergy fromtheplasmaandrel easeit asultraviol et
light and X-rays. Such foreign matter enters the plasma
when it interacts with walls of the vacuum vessel. To
minimize this infiltration, large portions of the NSTX
vacuum vessel walls and center column were covered
with protective graphite tiles. Just prior to the neutral-
beam experiments, the vacuum vessel and tiles were
heated to 150°C and the center stack to 300°C to drive out
water vapor. A helium glow dischargewas used toreduce
theinflux of hydrogen bound up inthewalls. The reduc-
tion of hydrogen helps make plasma operation more
reliable and improves performance. A glow dischargeis
atenuous plasmaproduced inthevacuum vessel usingan
electrode. Thevacuumvessel wall being cleanedisbiased
negatively against the electrode. This causes theionsin
the glow plasmato bombard and * scrub” thewall surface
free of contaminants. Finally, all the walls and graphite
tiles were coated with a thin layer of boron using tri-
methyl boron gas, which also helps keep heavy metals
from entering the plasma.

While striving to understand the physics behind
NSTX’s excellent plasma confinement and high-beta
performance, physicists areworking on other fundamen-
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tal goals. Among the most important of these are experi-
ments relating to Coaxial Helicity Injection (CHI) and
High Harmonic Fast Waves (HHFW). If successfully
applied, CHI could lead eventually to the elimination of
the central solenoid, resulting in smaller, more powerful
fusionreactors. HHFW will heat plasmael ectronsto high
temperaturesand sustai n plasmacurrent neededfor steady-
state fusion reactors.

In a state-of-the-art spherical torus, the plasma cur-
rent essential for start-up, heating, and confinement is
induced by rapidly reversing the current in a solenoid
running through the hole at the center of the vacuum
vessdal. This coil occupies space, which could be used
moreproductively for additional toroidal windings, yield-
ing a stronger toroidal magnetic field. For example,
doubling the toroidal magnetic field could result in as
much as 16 timesthefusion power output. CHI, amethod
of noninductive start-up, involves the establishment of
voltage between the center columnand thevacuum vessel
outer wall. Electrical breakdown occurs propelling a
plasmaring into the chamber resulting in the creation of
atoroidal plasma. Separation of the plasmafrom thewall
occurs by means of magnetic reconnection, a phenom-
enon under study in PPPL’s Magnetic Reconnection
Experiment, aswell inNSTX. Todate, NSTX researchers
havebeen ableto start up aplasmacurrent of 0.26 million
amperes. Their goal is 0.50 million amperes or more.

NSTX isthefirst device of itssizeto test the physics
of HHFW. HHFW heats el ectrons and maintains plasma
current using aplasmawave at many timesthe frequency
with whichionsgyrate around the magnetic field. Strong
electron heating using HHFW was observed for the first
timein recent NSTX experiments. Electron temperature
was increased from about 4 million degreesto above 10
million degrees Centigrade using 2 megawatts of power.
NSTX Program Director Martin Peng said, “It isencour-
agingto already haveachieved good el ectron heating. We
look forward to exploring the new and rather intriguing
properties of HHFW and learning how to utilize this
method in spherical torus and other high-beta plasmas.”

In the mid-1980s, experimentson TFTR verified the
existence of thetheoretically predicted bootstrap current,
which can sustainitself when the plasmapressureishigh.
If NSTX experiments establish the effectiveness of CHI,

it may be used in conjunction with bootstrap plasma
current and HHFW to allow steady-state operation of a
fusion power plant. NSTX researchershopeto determine
if the bootstrap current will start automatically, or will
require asmall seed current of afew percent of the total.
Bootstrap current may ultimately account for asmuch as
70 percent of thetotal plasma current flowing in NSTX.

Thenext NSTX experimental campaignisscheduled
to beginin February. “With many intriguing experimen-
tal results coming out of NSTX, aswell as new capabili-
tiesbeingimplemented, clearly therearefar moreexperi-
ments we would like to conduct than the available ma-
chine time and resources will permit. Obviously we
would like to explore and increase our understanding of
the high-beta plasma regime. We must continue the
development of key spherical torusreactor tools, such as
CHI and HHFW. Sowemust choose carefully to comeup
with an optimized run plan,” Ono said.
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ATribute to Mel Gottlieb, Former PPPL Director

ormer PPPL Director

Melvin B. Gottlieb, an
international leader in the
field of research on fusion
energy, died on December 1
in Haverford, Pennsylvania.
He was 83.

Gottlieb, Director of
PPPL from 1961-1980, was
knownfor histirelessdedica-
tiontothefusion concept and
for hisconstant inspirationto
the fusion program world-
wide, aswell asfor hislead-
ership and for being the consummate “ people person.”

“Mel wasdeeply loved at PPPL. My warmest memory
isof his support for me as a graduate student, struggling
to help Harold Eubank with the neutral injection experi-
ments on the ATC [Adiabatic Toroida Compressor]
machine, around 1975. Hiscalm assurance and easy good
humor seemed to suggest that we would, indeed, get the
needed ‘typical data,’” sooner rather than later,” recalled
PPPL Director Rob Goldston.

Added Advanced ProjectsHead John Schmidt, “When
| came to PPPL, | decided to accept a postdoctoral
position here rather than more lucrative and permanent
positionsat other fusionlaboratories. A significant reason
for this was the impression Mel left on me. | obviously
have never regretted the decision. Mel stood very tall
physically, as ascientist, and as afusion leader.”

During his 26-year association with PPPL, Gottlieb
saw the Laboratory grow from a small contingent of
investigatorsto afull-blown experimental facility on the
leading edge of magnetic fusion research. Under his
leadership, the Laboratory’ s budgets expanded from $7
million during the early 1970s to $100 million in 1980.
Said former PPPL Director Harold Furth, “1 think of Mel
as abenign gravitational force, which held world fusion
research together during its most thriving years.”

Throughout the growth of research projects, budgets,
and staff, he stressed the importance of explaining to the
layperson what fusion scientistswere doing and why they
were doing it, without using highly technical language.
“Since we are publicly supported, we have a duty to the
public to make our ideas clear, our hopes clear, our
dreams clear,” said Gottlieb in 1980.

Asked then about the nation’s energy options, he
answered, “The long-term solutions for energy are: fis-

sion, fusion, and solar. The question has aways been:
How muchisit going to cost?If it coststen timesexisting
levels, we're obviously going to have a great deal of
troublesupporting present popul ationlevel sat the present
standard of living. The attainment of an economic, envi-
ronmentally acceptable energy source is of enormous
importance for the future of mankind.”

Gottlieb led the Laboratory at an exciting time. Inthe
mid-1960s, initial experimental results from the Soviet
Union pointed to anew path to the very high-temperature
plasmas needed for making fusion energy. Under
Gottlieb’s leadership, the Laboratory took the interna-
tional lead in extending these results, passing quickly
through three generations of highly successful tokamak
experiments. The Tokamak Fusion Test Reactor, whose
construction started under Gottlieb, produced a world-
record plasmatemperature of 510 million degrees centi-
grade and arecord 10.7 million watts of fusion power.

PPPL Advanced Reactor ConceptsHead DaleMeade
said, “Mel Gottlieb left alegacy of plasma science and
scientists that will carry the torch of plasma physics and
fusion energy forward for generations to come. Mel’'s
wisdom and guidance were crucial in leading the U.S.
fusion program from the shadows of the post-World War
[l erathrough the turbulence of the 1960s into the ener-
geticfusion program of the1980s. Mel’ spersonal warmth
and genuine concern nurtured and inspired generations of
scientistsand staff at the Princeton PlasmaPhysicsLabo-
ratory. We will miss him greatly, and we will remember
him always as an inspiring leader, an insightful scientist,
and a close personal friend.”

Indeed, Gottlieb, known as “Me” to everyone, is
remembered as much for his warm personal style as for
his insightful scientific leadership. His thoughtfulness
and calm— often expressed by putting hisreassuringarm
around the shoulder of an over-stressed researcher —isa
cherished memory at PPPL.

“Mel was one of the finest people | have ever had the
pleasure of meeting and working with. Therejust are not
enough words to express what a great person hewas. He
will be deeply missed by all who knew him,” said PPPL
Benefits Manager Bobbie Forcier.

Information ServicesHead Anthony DeMeo recalled
Gottlieb as a kind man who openly cared about the
welfareof PPPL staff. “ Mel had aunique sensitivity tothe
feelings and problems of his staff. For example, if he
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learned that you or a member of your family wasill, he
never forgot to ask how thingsweregoing,” DeMeo said.

Cathy Howard, now retired, wasMel’ sadministrator
from 1974 through 1980 and she added, “| spent six years
by Mel’sside. He was awarm and compassionate |eader
whobelievedinequality and practicedit by conductingan
‘opendoor’ policy for al, regardlessof position or stature
in the organization. There was awaystime, even during
thebusiest of schedules, for akind word to put in perspec-
tive an individual’s
view of hisor her prob-
lem. | remember dur-
ing a very hectic and
stressful period of time
a the Lab when Md
walked meto the large
office window which
overlookedtheadjacent
woodsandsaid, ‘ Cathy,
everyone should take
timetosmell theroses.’
Hetouched many lives
inthisway, and, he oc-
cupied a very impor-
tant chapter in my life.
He will be missed by
all who had the privi-
lege of knowing him.”

Gottlieb, who was
educated at theUniver-
sity of Chicagoandalso
had been Professor of
Astrophysical Sciences
at PrincetonUniversity,
devoted considerable
time during his career
to working toward bet-
ter understanding and
cooperation with other
nationsin the develop-
ment of fusion power.
The fusion program at
Princeton was classi-
fied until 1958. There-
after, the program be-
came international, in-
volving cooperation and sharing of information. Lab
personnel including Gottlieb made frequent tripsto meet
with scientists abroad and encouraged extended visits
here by foreign scientists.

During his tenure as Director at PPPL, Gottlieb was
alsoinvolved in high-level discussionswith government

officialsresponsiblefor energy policy in many countries,
including France, England, Germany, Italy, Norway,
Japan, China, South Korea, Spain, Brazil, Canada,
U.S.S.R., and the European Economic Community. He
was a member of the U.S. Fusion Power Coordinating
Committee; theU.S.-U.S.S.R. Joint Committeeon Atomic
Energy; the U.S.-People’ sRepublic of ChinaCommittee
on Fusion Cooperation; and the U.S.-Japan Fusion Coop-
eration Committee. In 1971, he was a recipient of the
North Atlantic Treaty
Organization (NATO)
Senior ForeignFellow-
shipsin Science.

At the national
level, Gottlieb was ac-
tivein many organiza-
tions whose purposes
included finding alter-
native safe sources of
energy. He had along
association with the
AmericanPhysical So-
ciety and was founder
and first chairman of
its Plasma Physics Di-
vision. In1980, hewas
Vice Chairman of its
panel on Public Af-
fairs. He was aso a
member of the Ameri-
can Nuclear Society
and of Scientists and
Engineersfor Safe En-
ergy.

After his retire-
ment from the Labora-
tory, Gottlieb contin-
ued consulting in his
field and, from 1980-
1992, served as Chair-
man of the Nuclear
Oversight Committee
of the Public Service
Electricand GasCom-
pany of New Jersey.

Gottlieb is sur-
vived by hiswife, Golda, whom he married in 1948; his
daughter, Paula Bastian, of Cedar Run, New Jersey; two
grandchildren, Will and Mary Kate Bastian; and two
nephews, David and Edward Mehlman, of Chicago. He
waspre-deceased by hisdaughter, Martha, whodiedinan
automobile accident in 1986.
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The State of the Lab ...

n November 2, PPPL Director Rob

Goldston delivered his annual “ State-
of-the-Lab” addressto staff in apacked MBG
Auditorium. Goldston lauded the Lab’s re-
search accomplishments, as well as the goals
and successes of our external relations efforts
andoperations, stressingthat PPPL’ sprograms
were “off and flying.” The talk was followed
by an ice-cream reception in the Lobby. At
right is Goldston giving the address.

n November 2, PPPL Director Rob Goldston pre-
sented awards to four PPPL researchers. Ronald
Bell and Edmund Synakowski received the Kaul Founda-
tion Prizefor Excellencein PlasmaPhysicsand Technol-
ogy Development. Francis “Rip” Perkins and Charles
Neumeyer were named PPPL Distinguished Research
and Engineering Fellows, respectively. The four recipi-
ents were honored during a ceremony and reception
following Goldston’s State-of-the-L ab talk.
The Kaul award recognizes Bell and Synakowski for
novel measurements of the dynamics of hot ionized

Fellow Awards Given

gases, or plasmas. By modifying the flow of plasma
confined by magnetic fields, they found that the effi-
ciency of the magnetic field in confining the plasma’s
heat can be altered and improved. Such flows act on
plasmaturbulence, the underlying cause of heat lossfrom
these plasmas. Thework suggeststhat generating plasma
flows in a fusion reactor might increase the reactor
efficiency, thus reducing its cost and size.

Perkins, who is on long-term assignment at General
Atomicsin San Diego, received
the PPPL Distinguished Fellow
Award for his outstanding con-
tributionsin many critical areas
of plasma physicsresearch with
applications in fusion, basic
plasmaphysicsexperiments, and
ionosphericphysics,andfor lead-
ership in an international col-
laborativeeffort todocument and
assess the physics basis of a next-step burning plasma
experiment. He was further honored for contributing
prominently to graduate education in plasma physics.

Neumeyer, the lead project engineer for the National
Spherical Torus Experiment (NSTX), received the PPPL
Distinguished Engineering Award for contributions and
technical leadership of the engineering effort to design
power systems for several magnetic fusion devices, in-
cluding the Tokamak Fusion Test Reactor, the Tokamak
Physics Experiment, and NSTX, and for extraordinary
creativity and accomplishments in the development of
control systems for fusion devices.
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President Honors PPPL Scientist Lin

Lin Also Receives Department of Energy Early Career Award

n October 24, President Clinton named 59 young

researchers — including Zhihong Lin, a physicist
at PPPL — asrecipients of the fifth annual Presidential
Early Career Awards for Scientists and Engineers
(PECASE). Thisaward isthe highest honor bestowed by
the United States government on young professionals at
the outset of their independent research careers. The
researchers received their awards during a White House
ceremony.

Established by President Clinton in February 1996,
the award embodies the high priority the Administration
places on producing outstanding scientists and engineers
ready to contribute to all sectors of the economy. Eight
Federal departments and agenciesjoin together annually
to nominate the most meritorious young scientists and
engineers who will broadly advance the science and
technology that will be of the greatest benefit to fulfilling
the agencies’ missions.

“These extraordinarily gifted young scientists and
engineers represent the best in our country,” President
Clinton said. “Through their talent, ability, and dedica-
tion, they will quicken the pace of discovery and put
science and technology to work advancing the human
condition as never before.”

The young scientists and engineers receive up to a
five-year research grant tofurther their study in support of
critical government missions. The Federal agencies in-

volved include: the Depart-
ments of Agriculture, Com-
merce, Defense, Energy,
Health and Human Services,
VeteransAffairs, theNationa
Aeronautics and Space Ad-
ministration, and the National
Science Foundation. i

AlsoonOctober 24, Ernest
J. Moniz, Under Secretary of Energy, Science and Envi-
ronment, presented Lin and three otherswith the Depart-
ment of Energy’ s Office of Science Early Career Award
in Science and Engineering during a Department recep-
tion prior to the White House ceremony.

Both the Presidentia and Department of Energy
awards cited Lin for “performing advanced simulations
with unprecedented realism and resolution leading to
results demonstrating the positive impact of modern
massively parallel computersand for outstanding contri-
butions to improved understanding of plasma turbu-
lence.”

Lin’sgoa sareto advancethe physicsunderstanding
of transport processes in magnetically confined, high-
temperature plasmas and to demonstrate the exciting
discoveries that are made possible by the application of
modern, massively parallel computers in chalenging
areas of plasma physics research.

American Nuclear Society Awards Williams

ichael Williamsisthe recipient of last year’ s Out-
standing Achievement Award from the American
Nuclear Society’s Fusion Energy Division. Williamsis
Head of the Engineering and Technical Infrastructure
Department at PPPL. He received the award October 18
during the American Nuclear Society’s 14th Topical
Meeting on the Technology of Fusion Energy in Park
City, Utah. TheawardrecognizesWilliams' longstanding
research and leadership in PPPL’s Poloidal Divertor
Experiment, Tokamak Fusion Test Reactor (TFTR), and
National Spherical Torus Experiment (NSTX) projects.
It is the most prestigious award from the society’s
Fusion Energy Division and is presented to amember in
recognition of exemplary individual achievement requir-
ing professional excellenceand leadership of high caliber
in the fusion science and engineering area.

Williams, who is also [
Deputy Director of the NSTX 1
project at PPPL, led several =
project teamsand served asthe i
Deputy Project Head of TFTR ©

from 1992 until theproject was 2
closed down in 1997.
WilliamshasbeenHead of
the PPPL Engineering and
Technica Infrastructure De-
partment since 1991, where he t L
isresponsiblefor managingall
technical engineeringand com-
puting resources at the Lab. He came to PPPL in 1976
after graduating magna cum laude from Rutgers Univer-
sity with abachelor’ sdegreein electrical engineering.
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Energy Secretary Visits PPPL

Photo by Dietmar Krause

DOE Pulse

Soiencs and Techaclogy Highlighia liem the DDE Nallonal Laborsinoes

TheU. S.Department of Energy’ s(DOE’ s) National L abor atorieshousewor |d-classfacilitieswhere
mor e than 30,000 scientists and engineers perform cutting-edge research spanning DOE’s science,
ener gy, national security, and environmental quality missions. I nterested in thelatest achievements of
theNational L aboratories? Then visit the DOE Pulseat: http://www.or nl.gov/news/pulse/. DOE Pulse
is distributed twice each month. Each issue includes resear ch highlights, updates on collabor ations
among laboratories, and profiles of individual researchers.
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