Report of the Investigation Committee
In the Matter of Dr. Rusi P. Taleyarkhan

Prologue

The Purdue University Investigation Committee in the Matter of Dr. Taleyarkhan was
appointed under Executive Memorandum No. C-22 (Policy on Integrity in Research) by
Interim Provost Victor L. Lechtenberg, Dean of Engineering Leah Jamieson, and David
Williams, the Chairperson of the Faculty Affairs Committee of the Purdue University
Faculty Senate. The Committee received its charge on November 1, 2007. The
Committee also received a concurrent charge under the research misconduct procedural
guidelines used by the Office of Naval Research (“ONR?”).

From the outset, we the committee members were aware of the public controversies
surrounding this case. In addition, we fully appreciate the importance, if true, of the
science of sonofusion reported by Dr. Taleyarkhan, whether or not future practical
applications of the technology are forthcoming. We recognize the press and public focus
on prospects of a cheap, unlimited energy source. The scientists involved are cognizant
of this focus and are susceptible themselves to enthusiasm and hope for that long-term
goal. However, the task of the committee was not to judge the validity of the particular
experimental results, but to assess specific charges of misconduct.

Our investigation has given us a glimpse of human and institutional failings. Neither the
participants nor this committee understand all its dimensions, but all who have some
familiarity know the extraordinary stress that has been placed on accomplished
individuals, an important research department, and a great University. From small
beginnings there developed a tangled web of wishful thinking, scientific misjudgment,
institutional lapses, and human failings. Each strand could have been resolved
separately, but knitting them together produced a crisis. The broader issues that have
emerged bear upon the interactions between science and government, the public
communication of science, and ultimately, the integrity of the research process itself.

Absolute honesty and transparency are essential ingredients of science. Without full
confidence in the integrity of the information provided in publications, research seminars
and communications with the general public, the validity of the results cannot be judged
by peers or society at large. In scientific communication this applies to the description of
all relevant aspects of experiments, to the statement of experimental results, and to the
descriptions of the treatment and analyses of the data. It also applies to the authors listed
as the researchers responsible for the result. The latter is especially important in a
“confirmatory” measurement since reproducibility by independent experiments and
researchers is a key component of the scientific method.
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Procedural History

The inquiry and investigation processes under Executive Memorandum C-22 have been
exhaustively followed by the Inquiry Committee and the Investigation Committee. Both
committees have been staffed by distinguished scientists and have gathered and analyzed
huge volumes of evidence and testimony. The Investigation Committee consisted of Dr.
Mark Hermodson, Chair (Purdue University), Dr. Mary Ellen Bock (Purdue University),
Dr. Charles Kennel (University of California, San Diego), Dr. James Kolata (University
of Notre Dame), Dr. Don Miller (The Ohio State University), and Dr. John Schiffer
(Argonne National Laboratory).

The Investigation Committee received the August 27, 2007 report of the Purdue
University C-22 Inquiry Committee regarding the allegations submitted to the University
in the first half of 2007 from both internal and external sources. The Inquiry Committee
forwarded multiple allegations of potential misconduct to our committee, all of them
involving allegations of either falsification of the scientific record or plagiarism.

In addition to the large volume of evidence assembled by the Inquiry Committee, we also
had access to additional evidence submitted directly to our Committee between
December 2007 and April 2008.

From February 1 to 3, 2008, we heard live testimony from Emil Venere, Jeanne Norberg,
Yiban Xu, Shripad Revankar, Adam Butt, Lefteri Tsoukalas, Rusi Taleyarkhan, Joshua
Walter, Colin West, Robert Block, Robert Nigmatulin, and two staff members in the
Purdue School of Nuclear Engineering. We considered written testimony from Shripad
Revankar, Richard T. Lahey, Colin West, Robert Block, Robert Nigmatulin, Edward
Forringer, Gunter Lohnert, William Bugg, Jaeseon Cho, and three members of the staff in
the Purdue School of Nuclear Engineering.

In response to a draft of this report, Dr. Taleyarkhan submitted rebuttal contentions and
commentary, which we considered.
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Legal Standards

Purdue’s C-22 policy and the ONR process for handling Research Misconduct
Allegations instruct us to decide each allegation by a preponderance of the evidence.

Under the C-22 policy, falsification can occur in either the conduct or reporting of
research. The ONR process instructs that research misconduct can occur in conducting,
proposing, reporting, or reviewing of research. Falsification is an intentional act.
Therefore, to conclude that research misconduct-by-falsification has occurred, we must
find that the respondent intended to falsify and did falsify information in the conduct,
proposing, reporting, or reviewing of research, according to a preponderance of the
evidence.

We have also taken guidance from The American Physical Society on the subject of
scientific authorship standards.

The C-22 policy requires us to make findings on “each fact necessary to establish that the
accused committed research misconduct.” Therefore, our discussion below includes
findings of fact organized by allegation.
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Executive Summary

The Inquiry Committee forwarded twelve allegations. For the sake of clarity, the
Investigation Committee (hereafter “Committee”) has aggregated and restated some of
the allegations, while cross-referencing the underlying Inquiry Committee numeration of
those allegations. Several of the allegations are related to actions connected with
publication of a set of measurements, and it is not possible to separate them completely
with respect to the overall question of a pattern of action that constitutes misconduct. But
because of the requirements of the C-22 procedure, we make separate conclusions for
each allegation.

Allegation A.1

Dr. Taleyarkhan with falsifying intent caused his name not to be included in the author
bylines of the NED and NURETH-11 papers to disguise the extent of his involvement in
the execution of the work reported and in the writing and submission of the papers.

Conclusion

Even though a large volume of evidence clearly shows that Dr. Taleyarkhan was heavily
involved in every aspect of the research and publication of the manuscripts, the
Committee concludes that there are a number of reasons why a senior mentor’s name
may not appear as an author of a publication. Thus we cannot unequivocally deem the
omission of his name as an intentional act of falsification of the author byline.

Allegation A.2

Dr. Taleyarkhan with falsifying intent caused Mr. Adam Butt’s name to be added to the
author bylines of the papers even though Mr. Butt was not a significant contributor to the
experiments, the data analyses, or the writing of the manuscripts.

Conclusion

The Committee concludes that the weight of the evidence shows that Dr. Taleyarkhan
compelled the addition of Mr. Butt’s name as an author on the NED and NURETH-11
publications knowing that Mr. Butt had not substantively contributed to those
publications in order to create an appearance of collaboration between Dr. Xu and Mr.
Butt on the work. This is research misconduct.

Allegation B.1

Dr. Taleyarkhan with falsifying intent caused the July 12, 2005, press release from
Purdue University to give credit for sponsorship and direction of the work to be published
in the NED and NURETH-11 papers to Dr. Tsoukalas and to leave the impression in the
press release that there was a high degree of independence of Dr. Xu and Mr. Butt from
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Dr. Taleyarkhan’s laboratory and direction.
Conclusion

While the findings for this section bear heavily on the conclusions of the next section, the
Committee concludes that the information in the press release is true in a technical sense,
even though it is crafted in a very misleading way. It is also not clear that a press release
is part of the scientific record, being aimed at the general public. Thus, we conclude that
the manipulation of the press release does not constitute research misconduct.

Allegation B.2

Dr. Taleyarkhan with falsifying intent stated in the opening paragraph of his paper in
Physical Review Letters 96:034301 (2006) that “these observations [referring to Science
295:1868 (2002)] have now been independently confirmed.”

Conclusion

Based on the findings in this section and in the preceding sections, we find that Dr.
Taleyarkhan’s claims of independent confirmation of his sonofusion results are simply
not supported by the weight of the evidence of his extensive involvement in the NED and
NURETH-11 research and publication. The direct assertion of independent confirmation
in the PRL96 paper is falsification of the research record and thus is research misconduct.

Allegation C

Dr. Taleyarkhan with falsifying intent used identical calibration data in the NED and
NURETH-11 papers and in his publication in Multiphase Science and Technology 17:
191-224 (2005), implying that the data refer to the same experiment.

Conclusion

All of the authors agreed to the data sharing. The MST publication is a review article,
which would allow reproduction of previously published work. While copyright laws
were flouted, the Committee does not find research misconduct in this allegation.

Allegation D

In his publication in Multiphase Science and Technology 17:191-224 (2005), Dr.
Taleyarkhan with falsifying intent attempted to make it appear that the same results were
the outcomes of several experiments by re-publishing previously published data without
citing the original publications.
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Conclusion

Again, the authors all agreed to the sharing of data, and its repetition in both the
NURETH-11 and MST papers is in keeping with the review nature of the papers. The
flouting of copyright laws is certainly a serious inattention to details, but no allegations of
plagiarism have come from the authors whose data were reproduced. Thus, we do not
find research misconduct for this allegation.

Allegation E

Dr. Taleyarkhan used federal funds for the work published in Physical Review Letters
96:034301 (2006) [PRL 96] and failed to acknowledge support of the agency in the
publication.

Conclusion

It is clear from the salary records that Dr. Taleyarkhan was, in fact, paid from DARPA
funds during the time the manuscript was written. For that reason federal funding should
have been acknowledged. However, we lack evidence that Dr. Taleyarkhan possessed a
falsifying intent for that omission. Therefore, we do not find research misconduct for this
allegation.

Allegation F

In his published response to a forensic analysis by Dr. Brian Naranjo in Physical Review
Letters (PRL) 97:149404, Dr. Taleyarkhan claims to show the same fusion data but,
allegedly, actually deleted some of his originally published research results.

Conclusion

The Committee concludes that the omission of one data point was scientifically
defensible and thus not an instance of research misconduct.

Allegation G

Dr. Taleyarkhan falsified a September 19, 2003 fusion demonstration carried out at
Purdue by him and Dr. Cho of Oak Ridge National Laboratory.

Conclusion

The Committee finds that the evidence in this matter does not support a conclusion of
research misconduct.
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Overall Summary

The Committee finds that the weight of the evidence supports findings of research
misconduct for Allegations A.2 and B.2. Our findings and conclusions for each
individual allegation follow below.

A. Allegations relating to NED and NURETH-11 publications
[IqC allegations C2, D2]

The Inquiry Committee forwarded several allegations regarding authorship of two closely
related papers with Dr. Xu as lead author: Nuclear Engineering and Design 235:1317-
1324 (2005) [hereafter called NED] and the NURETH-11 Conference Proceedings in
October, 2005.

1. Allegation: Dr. Taleyarkhan with falsifying intent caused his name not to be
included in the author bylines of the NED and NURETH-11 papers to disguise
the extent of his involvement in the execution of the work reported and in the
writing and submission of the papers.

We make the following findings of fact regarding this allegation.

FF1. Dr. Xu conducted the reported experiments from January to May 2004,
with supplemental work later. According to Dr. Xu, he “became full-time
under the direction of Taleyarkhan” once Dr. Xu completed his thesis
defense in February 2004."

FF2. Dr. Xu stated “the observations and analysis work were completely done
by me and my colleagues, not by Dr. Taleyarkhan.”*> According to Dr.
Xu, Dr. Taleyarkhan provided the test cell, provided instructions on its
operation, gave advice on the experiment, and sometimes was “present
during actual experimentation” for the data presented in the NED and
NURETH manuscripts.” According to Dr. Taleyarkhan, he helped Dr. Xu
“clarify” what “operational aspects of the bubble dynamics may lead to
null results.””*

FF3. Dr. Revankar had minimal involvement in the experiment.” Dr. Revankar
checked the counting data and the analyses of the data, and ultimately
presented the work at the NURETH-11 conference. His testimony was
consistent with Dr. Xu’s testimony that Dr. Xu was the person who did the
data acquisition.®

FF4. The manuscript that ultimately appeared in NED was initially submitted to
the journal Science on or about October 15, 2004. This manuscript
underwent numerous revisions over a period of months as the targeted
journal changed from Science, to Physical Review Letters, until finally it
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FF5.

FFo6.

FF7.

FF8.

FFO.

FF10.

April 18, 2008

was published in NED.

The earliest draft of the Science manuscript in electronic form is from Dr.
Xu entitled Outline 2.doc. It was created on October 12, 2004 at 5:27
p.m., revision number 2, and was last saved by Dr. Xu. Revision number
3 was created on October 14, 2004 at 6:03 p.m. and was last saved by Dr.
Taleyarkhan. The difference between the October 12 and October 14
manuscripts is considerable, both in terms of the grammar and in the
scientific content, suggesting that we may not have received all of the
drafts.

After rejection by Science, the manuscript was quickly submitted to
Physical Review Letters on or about October 21, 2004. In both instances,
Dr. Xu was the sole author, with Joshua Walter and others receiving an
acknowledgement.

While it is not clear who wrote the very first draft of the paper for Science,
there is a great deal of evidence showing that there were editing and
substantive changes made to the manuscript by Dr. Taleyarkhan.” In an
email and its attachment, dated December 16, 2004: 6:31 p.m., from Dr.
Taleyarkhan to Dr. Xu, Dr. Taleyarkhan added detailed numerical
information to Figure 5 and elsewhere in the text.® Dr. Taleyarkhan made
an addition to the text in Figure 5 involving a numerical calculation to
convey the statistical significance of the cavitation-on versus cavitation-
off signal. Elsewhere, he suggested the addition of quantitative
information pertaining to other aspects of the experiment.

Dr. Taleyarkhan consulted others about the manuscript, who responded to
him, rather than to Dr. Xu.”

Dr. Taleyarkhan was heavily involved in the effort to get the manuscript
published. He communicated with the Editor of Science,' influenced the
writing,'" and wrote the transmittal letter to PRL."> The changes made in
response to the referee comments and the reply to the referee comments
were drafted by Dr. Taleyarkhan, sent to Dr. Xu, and transmitted by Dr.
Xu to the journal.” Dr. Taleyarkhan drove that process with PRL,"
caused the work to be re-formatted for the special issue of NED on which
he was serving as one of the editors,'” and drafted the transmittal letter to
NED editor Dr. Lohnert.'

On January 24, 2005 Dr. Taleyarkhan sent an email to Prof. Giinter
Lohnert, editor of the journal Nuclear Engineering and Design (NED)
exploring the possibility of publishing the confirmatory experiment in a
Festschrift.'” The email starts out: “I’ve been made aware of a rather
important piece of work from a nuclear engineering group here in the US
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FF11.

FF12.

FF13.

FF14.

FF15.

FF16.

April 18, 2008

in relation to confirmatory work related to bubble nuclear fusion (thermal
hydraulics and nuclear emission measurements).” This phrasing clearly
carries the misleading implication that Dr. Taleyarkhan had a much more
distant connection to Dr. Xu’s work than was the case.

On January 26, 2005, Dr. Taleyarkhan suggested an additional figure and
modified the introduction, discussion of experimental setup, and
references.'®

The NED paper includes an acknowledgment section which states: “The
authors gratefully acknowledge the advice, guidance, and assistance from
Dr. Taleyarkhan and Dr. J. S. Cho of Purdue University and Oak Ridge
National Laboratory for design and setting up of the acoustic test cell.”
This acknowledgment makes no mention of Dr. Taleyarkhan’s detailed
guidance in the wording of the paper, nor in the source of advice in the use
of the neutron detectors and the crucial pulse-shape discrimination
technique which had been controversial in the past. Nor is the critical role
of Dr. Taleyarkhan in the writing of the manuscript acknowledged,
although some minor suggestions by Dr. Lohnert as editor are specifically
noted and acknowledged: “The authors would like to recognize the
encouragement and useful comments provided by Professor G. Lohnert
which were helpful for improving the quality of this manuscript.”

In response to a request for drafts of the NED paper, Dr. Taleyarkhan told
an earlier Purdue C-22 committee that “... I made only stylistic changes
and did not affect the substance, findings, conclusions, collected data, or
fundamental experimental process involved for purposes of the paper.”"”

On October 27, 2006, Dr. Xu wrote a notably well-composed letter to a
previous Purdue Inquiry Committee regarding the NED manuscript,
stating that Dr. Taleyarkhan “did not influence, alter, change, revise or
modify any of the data, analysis, conclusions or research cited in the 2005
NED paper.” He further writes: “For the data and observations in my
2005 NED paper I did all the experiments myself, collected all the data
independently, and did so without Dr. Taleyarkhan’s involvement. I also
did the analysis work with no input from him.”%

On December 6, 2006, Dr. Xu stated: “I was unable to submit any
electronic records due to the loss of my emailing files, which occurred
before October 2005.”%!

On July 31, 2007, however, Dr. Xu was able to provide the Inquiry
Committee with an October 14, 2004 copy of a draft of the manuscript
intended for Science.?
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FF17. Dr. Taleyarkhan states: “I did not participate in the acquisition of data
presented in the 2005 publication by Xu et al.”* “Based on all I know, it
is my belief that the NED data were acquired, analyzed and reported by
Dr. Xu and perhaps others assisting him, and later reviewed/checked by
Mr. Butt.”**

FF18. On July 23, 2007, Dr. Taleyarkhan told the Inquiry Committee that the
contention that he played a role in preparation of the manuscript is
“incorrect” and continued: “I offered editorial comments as a co-editor for
this particular paper after it was accepted by the senior editor, by the
editor-in-chief of the NED series journal. At that point that was the extent
of my involvement over there.”*

FF19. Dr. Taleyarkhan has subsequently stated: “My records show that I
received a copy of what appears to be the initial draft date-stamped
October 14, 2004, and author-stamped Yiban, of the paper submitted to
Science from Dr. Xu. My understanding from talking with Dr. Xu (as
noted below) is that this first draft of the paper was composed from an
outline of text/figures he had prepared. I do not know where the hard
copy ‘original’ of the paperis . .. .”*® “After receiving the questions on
7.23.07 and the request for looking into the specific drafts of 3 years ago, |
realize that it appears that the original draft of the manuscript, authored by
Dr. Xu as meant for transmittal to Science was offered to me at the time
for my information and possible comments.”?’

Conclusion
The Committee makes the following conclusions regarding this allegation.

The Committee cannot conclude from the evidence and testimony given to us that Dr.
Taleyarkhan participated in the data collection or composition of the first draft of the
manuscript for the experiments reported in the NED paper. However, it is clear from the
findings of fact that he was deeply involved at every step of the research (see following
sections) and in the writing and submission of the paper to the journal. Dr. Taleyarkhan
clearly was not truthful in telling the Inquiry Committee that he only offered editorial
comments after it was accepted by the Editor of NED (FF18), and he obfuscated the
extent of his advice and involvement in the experiments (FF19 and following sections of
this report).

Dr. Xu was chosen to carry out the experiments before he had completed his PhD and did
the research shortly after defending his thesis. He had some experience with acoustic
cavitation but apparently only a minimum of prior experience with the critical techniques
of neutron detection, especially with pulse-shape discrimination. Thus, he was minimally
qualified, at best, to be the lead researcher on the project. The record shows he had major
gaps in his understanding of aspects of the research which required Dr. Taleyarkhan’s
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