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space favored by the SNO solar-neu-
trino results. 

When experimenter Raymond
Davis, theorist John Bahcall, and
coworkers, in back-to-back Physical
Review Letters in May 1968, reported
the first evidence of a shortfall of solar
neutrinos, the reaction—aside from
skepticism—was that the prevailing
theory of the solar core must be inad-
equate. Now it’s quite clear that the

inadequacy lay elsewhere—in our
understanding of the neutrino. The
complexities of neutrino physics, as
they are gradually revealed in the
various observational domains that
appear to exhibit flavor oscillation,
may turn out to be the guideposts that
point the way to a more encompassing
theory beyond today’s standard model
of the fundamental particles. 

BERTRAM SCHWARZSCHILD
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Bell Labs Convenes Committee to Investigate 
Questions of Scientific Misconduct

For the past two years, the sun has
been shining brightly on

researchers from Bell Labs, Lucent
Technologies, who have come up with a
method to endow many organic mate-
rials with unexpected and exciting
properties. Adark cloud now looms over
these researchers because of apparent
similarities among figures that they
published in different papers, reporting
on different experiments. As soon as
outside scientists called these similari-
ties to the attention of Bell Labs man-
agement, Cherry Murray, senior vice
president of physical-sciences research,
appointed a special committee to
explore whether the figures are evi-
dence of scientific misconduct. The
committee, headed by Malcolm Beasley
of Stanford University, hopes to com-
plete its inquiry by summer’s end. 

The concern arose when some re-
searchers within Bell Labs told Lydia
Sohn of Princeton University that
they had noticed a strong resem-
blance between two papers by three of
their Bell Labs colleagues, one
appearing in Nature and the other in
Science.1,2 Both papers described field-
effect transistors (FETs) made from
self-assembled monolayers of organic
materials, but the two papers dealt
with slightly different materials. One
can lay one curve on top of the other
and see that the patterns of noise at
the low and high voltage ends is the
same, down to each supposedly ran-
dom wiggle, as seen in parts a and b
of the figure on page 16. The lead
author on both papers, Jan Hendrik
Schön, has since claimed he got the
figures mixed up and has published a
corrected figure.3

Paul McEuen of Cornell Universi-
ty then found a third figure, from an
earlier paper4 reporting on an FET
made with pentacene crystals, whose
high voltage tail looks the same as
that in the other two papers, as seen
in part c of the figure. McEuen and
Sohn went on to find two other sets of

similar curves from different papers.
In all, the suspicions extended to fig-
ures from six papers, appearing in
Science, Nature, and Applied Physics
Letters. Schön is the lead author on all
six papers and the only one with his
name on each. Since then, questions
have been raised about some related
Bell Labs papers.

Members of the condensed matter
community interviewed for this story
were all saddened by these events.
They recognize that the evidence,
taken at face value, is quite disturbing.
However, they are hoping for the most
benign possible explanation, which nei-
ther invalidates the exciting phenome-
na that have been reported nor
besmirches the reputations of the sci-
entists involved, all of whom have been
highly regarded. Some, like Schön have
been seen as very promising young
researchers, and the most senior-rank-
ing coauthor on many of the papers,
Bertram Batlogg (now at ETH Zürich),
has a distinguished research record.

Promising devices
Much of the research that is being
brought into question uses an FET.
Such a device typically consists of a
thin crystal that has been coated on top
with a thin layer of insulator, usually
aluminum oxide. A gate electrode is
placed on top of the insulating layer, so
that applying a voltage of a given sign
to the gate repels charges of the same
sign in the crystal, leaving an excess of
the opposite charge on the crystal’s
surface. A voltage difference applied
across the crystal by way of source and
drain electrodes then causes current to
flow through the charged region. 

The FET arrangement essentially
allows Schön and colleagues to dope
organic materials electronically. They

began by studying the semiconduct-
ing behavior of organic crystals,
measuring mobilities of holes and
electrons, and so forth.5 More dra-
matically, they reported making
superconductors out of such unexpect-
ed candidates as pentacene and
tetracene (see PHYSICS TODAY, Sep-
tember 2000, page 16). They also
reported doping carbon-60 molecules
with holes, a feat that hadn’t been pos-
sible by chemical means; they made
such hole-doped buckyballs supercon-
duct at higher temperatures than their
electron-doped counterparts—and at
even higher temperatures when they
intercalated additional atoms between
the multicarbon spheres (see PHYSICS
TODAY, January 2001, page 15, and
October 2001, page 19).

Such results as superconducting
properties of pentacene use the FETs
as a tool for doping; other Bell Labs
work deals with organic-based FETs
as devices in their own right. The
three sets of figures originally called
into question concern the device char-
acteristics of the FETs.  

Even before the recent concern about
similar-looking figures, condensed mat-
ter researchers had been growing
increasingly frustrated and uneasy
about the Bell Labs work on organic
crystals and thin films because no team
had been able to reproduce the results.
Arthur Ramirez and his group at Los
Alamos National Laboratory now seem
to be on the right track: They have used
the FET arrangement to dope a C60 crys-
tal grown at Bell Labs and to reduce its
resistance to a value consistent with
metallicity. They are hoping to be able
to make it superconduct.

Of course, the lack of confirming
evidence is an entirely different mat-
ter from evidence of data tampering.
As Beasley commented, members of
his committee will have to divide the
information they are gathering into
strong criticism that is a normal part
of the scientific process and claims of

�Is there an innocent explanation
for the appearance of similar fig-

ures in different publications?
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scientific misconduct.
Ramirez, who once

worked at Bell Labs,
points out that, though
researchers there have
published prolifically on
organics over the past
two years, they spent
several years before that
assembling the neces-
sary expertise. Estab-
lishing a cohesive group
of workers with dis-
parate backgrounds is
often key to rapid suc-
cess, Ramirez says.

Two factors have
been especially critical
in the Bell Labs work:
the purity of the organic
crystals and the quality
of the oxide layer. For
holes and electrons to
have high mobilities,
organic crystals must be
free of defects that can
trap the excess charges.
Ramirez told us that Bell Labs’ Chris-
tian Kloc, who has grown most of the
labs’ organic crystals, had been work-
ing on growing very pure crystals as
far back as 1997.

The aluminum oxide layers for the
experiments in question were laid
down by Schön at the University of
Konstanz in Germany, where Schön
did his graduate work. He began
applying oxide layers to the Bell Labs
crystals in Konstanz while waiting
for his US visa, and he later contin-
ued to use the same sputtering
machine because of his familiarity
with it. Those trying to reproduce the
Bell Labs achievements have asked
how the layers in the Bell Labs sam-
ples have been able to withstand the
reported high voltages without
breakdown. High voltages have been
necessary to achieve the doping lev-
els required for superconducting
behavior, but not for all the observed
phenomena.

The inquiry
Serving with Beasley on the investi-

gatory committee are Herbert Kroe-
mer of the University of California,
Santa Barbara; Supriyo Datta of Pur-
due University; Herwig Kogelnik of
Bell Labs; and Donald Monroe of
Agere Systems, a spinoff of Lucent.
Beasley had a hand in picking his
committee. When asked whether it
was appropriate to include members
from Bell Labs or related institutions,
he answered that there are prece-
dents for such members: The benefit
of including them is to help other

committee members
understand the institu-
tion under investiga-
tion and to lend legiti-
macy for the re-
searchers from that
institution.

As for the scope of
the inquiry, Beasley
said that is not yet
defined. “We have to go
with what we find,” he
said. Committee mem-
bers are receiving lots
of information, from
Bell Labs and from out-
side. Their inquiry is
being guided by the
federal policy on
research misconduct,
though it technically
does not apply to work
that does not receive
federal funding. Many
people are anxious to
learn the outcome but,
says Beasley, his com-

mittee will proceed only as fast “as
fairness and thoroughness dictate.”

In the meantime, Murray told us,
Bell Labs has offered its complete
cooperation. It will open its doors and
its books to the investigators. She
expressed her gratitude that the com-
mittee members, whom she described
as “blue ribbon panelists,” had agreed
on such short notice to serve. They
plan to make the committee’s report
public.

Murray said the researchers are
currently employed, trying to repro-
duce their results; all are cooperating
with the committee. Schön has said he
stands behind his work. 

BARBARA GOSS LEVI
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CURVES LOOK IDENTICAL at the high
voltage end in all three panels, taken
from different papers, and at the low
voltage end for the top two panels. All
three give the input–output characteris-
tics of a field-effect transistor, but for
different materials: (a) a self-assembled
monolayer of undiluted 4,4�-biphenyl-
dithiol, (b) a self-assembled monolayer
of the same molecule but diluted with
non-conducting molecules, and (c) pen-
tacene. (Adapted from refs. 1, 2, and 4.)

Researchers Combine Carbon Nanotubes with MEMS
Technology to Make a Tiny Triode

Though superseded for most appli-
cations by the solid-state transis-

tor, the venerable vacuum tube boasts
one big advantage over its younger
usurper: power. Free of stuff between
its electrodes, a vacuum tube can oper-
ate at currents that would ohmically
toast a transistor’s semiconducting

innards. Vacuum tubes remain the
technology of choice for high-power
amplifiers, magnetrons, and klystrons.

Now, a team led by Wei Zhu of
Agere Systems in Murray Hill, New
Jersey, has built a device that could
propel the vacuum tube out of its tra-
ditional niches.1 The Agere device, a
100-mm-scale triode, exploits two of
the hottest technologies of the past
decade: carbon nanotubes and micro-

�Miniature on-chip vacuum tubes
could power efficient wireless

communication devices.


