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I would like to pay tribute to John N. Bahcall, a person for whom I had the greatest respect and admiration. I first learned of John’s illness in the late Spring of 2005, when the American Physical Society announced that he would not become its President, as he was slated to be, for medical reasons. Having serious medical issues myself, I called him immediately to find out his condition. He told me that he had a “benign anemia” that doctors at leading hospitals on the East Coast did not fully understand. It made him tired and precluded him from the extensive traveling required of the APS President. We talked about one advantage of not traveling, namely much more time to do physics. I noticed that his voice sounded weaker than usual, but came away from our conversation with a guardedly optimistic view of his long term prospects. The announcement a couple of months later that he had 
died of a rare blood disease at the age of 70 on August 17, 2005 came as a great surprise.. 

With his steady and tenacious attitude, coupled with a highly focused approach to problems, John was a giant of science, who is most famous for his calculation of the solar neutrino flux.  When Raymond Davis, Jr., found less than John predicted, many wrote off the difference, but not John.  His accuracy and tenacity, together with Ray’s measurements, opened the door to a new world of neutrino and solar physics.  
John was a vigorous leader of the scientific community in the United States. Together with Lyman Spitzer, he led the effort to create the Hubble Space Telescope in the 1970s, chaired the National Academy of Science Decadal Survey which set priorities for U.S. astronomy research, served as President of the American Astronomical Society from 1990-1992, and was president-elect of the American Physical Society this year. He was active in many areas of science policy relating to astronomy and physics and chaired numerous committees of the National Academy of Science.

In 2003 John was presented with the Enrico Fermi Award of the U. S. Department of Energy. He had received numerous other awards in earlier years, including the 1998 National Medal of Science, the Dan David Prize from Tel Aviv University in Israel, and the Gold Medal of the Royal Astronomical Society. He received honorary doctorates from universities in this country, Israel, and Italy. He became a member of the National Academy of Sciences in 1976.

John Bahcall was born in Shreveport, Louisiana, in 1935 and spent a year at Louisiana State University before transferring to the University of California at Berkeley where he was awarded an A.B. in physics in 1956. He received an M.S. from the University of Chicago in 1957, and a Ph.D. from Harvard University in 1961. From 1960 to 1962 he was a Research Fellow at Indiana University working with Emil Konopinski, a nuclear theorist famous for his work in the field of nuclear beta decay and other weak interactions. He spent the years 1962 to 1970 on the faculty at the California Institute of Technology, where he encountered many leading physicists and astronomers, especially the Nobel Laureate William (Willy) Fowler. He then joined the Institute for Advanced Study at Princeton, where he spent the rest of his career. In 1997 he became Richard Black Professor of Natural Sciences. He was also a Visiting Professor at Princeton University.

John’s expertise in nuclear beta decay and weak interactions became the foundation for his most famous work, the study of solar neutrinos in collaboration with Raymond Davis Jr, a radio chemist at Brookhaven National Laboratory. Davis had been interested for many years in trying to detect neutrinos from the sun as a way of demonstrating that the sun produced its energy by nuclear fusion. In 1962 John had written a paper on nuclear beta decay and related processes in stars and had pointed out that the rates could be very different from the rates observed on Earth. Willy Fowler told Ray Davis about these results and Davis began to correspond with John.

In 1964 John and Ray published side by side papers in the March issue of Physical Review Letters proposing the famous chlorine-37 experiment. John described the theoretical predictions for the flux of neutrinos from the sun and the capture rate for these neutrinos by the chlorine isotope 37Cl based upon the standard model of the sun and the nuclear reaction data available at the time. Ray presented the experimental case for a neutrino detector consisting of a 100,000 gallon tank of perchorethylene (cleaning fluid) located deep underground and the method for counting the atoms of the argon isotope 37Ar that would be produced in the solar neutrino capture reaction. 
{ As an interesting historical aside, Bruno Pontecorvo had first proposed the chlorine reaction
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as a method of detecting neutrinos while still at Chalk River. Ray originally tried to observe this reaction using anti-neutrinos from a reactor in order to test for Majorana neutrinos. When Pontecorvo, now in Russia, heard rumors of a positive result, he and Gribov invented the notion of oscillations between neutrino and anti-neutrino in analogy with the Gell-Mann and Pais discussion of neutral K-mesons.}

In the face of much skepticism from both the physics and astrophysics communities, but with enthusiastic help from Willy Fowler, they secured funding for the experiment from Brookhaven and persuaded the Homestake Mining Company in Lead, South Dakota, to create a large laboratory room 4800 feet below the surface in its gold mine. It took 10 railroad tank cars and 5 weeks to fill the experimental tank, which was built by the Chicago Bridge and Iron Company. When asked how much the experiment cost at a conference several years later, Ray Davis replied; “Ten minutes time on commercial television.”

The first results of the experiment were published in 1968 and they indicated that the signal observed was roughly one-third of Bahcall’s prediction based upon the latest and most reliable nuclear data. Reactions were mixed and various: some thought it remarkable that one could predict the neutrino flux from the sun to within a factor of two or three; others thought there must be something wrong with the experiment; still others invented all kinds of non-standard solar models to fit the data; and some suggested that there might be something peculiar about neutrino behavior on the way from the sun to the earth.

Over the years, the calculations were refined as improvements were made in the nuclear reaction data and the standard solar model, and the experimental techniques grew more sensitive with experience. Much new data was obtained, but always the outcome was the same: the calculated signal remained much the same, within errors of about 20%, and the observed signal remained at roughly one-third of it. New and different experiments were performed from about 1987 onwards and they all showed deficits in the signals from different neutrino-producing fusion reactions in the sun.

As a result of theoretical investigations by Lincoln Wolfenstein in the United States and S. Mikheyev and A. Smirnov in Russia, the idea of neutrino oscillations as the explanation of the solar neutrino problem became very popular in the mid-1980s.  The hypothesis, first proposed by V. Gribov and B. Pontecorvo, also in Russia, was that electron-type neutrinos produced in the sun change into a mixture of all three types of neutrino: electron, muon, and tau. The latter two types cannot stimulate the 37Cl reaction in Davis’ tank and hence the observed signal should be less than the calculated one.

In 2001 and subsequently, the SNO heavy water detector located 6,800 feet below the surface in the Sudbury Nickel Mine in Northern Ontario, Canada, found a way of measuring both the total number of neutrinos coming from the sun and separately, the electron neutrino component. The results were beautifully consistent with the original 37Cl results of Davis and Bahcall and thus demonstrated that electron neutrinos born in the sun oscillate into a mix of different kinds of neutrino during the eight minute journey from the sun to Earth. Two years later, a Japanese-American experiment, Kamland, using anti-neutrinos from a set of power reactors in Japan confirmed the numerical parameters describing solar neutrino oscillations.

It had taken 40 years to demonstrate that the ideas of John Bahcall and Ray Davis about solar neutrinos were correct. Their careful work and unwavering determination had finally answered a question that had its origins in the middle of the 19th century: how does the sun generate its energy?

As time went on, John’s interests in astrophysics expanded from the structure of the sun to quasars, high energy neutrinos, and ultra high energy cosmic rays.
As an example of the high regard in which John was held by many people in the physics community, let me quote the words of Dr. Raymond L. Orbach, Director of the Office of Science at the U. S. Department of Energy:  “John was tireless in his pursuit of new science,” said Dr. Orbach. “He championed the Hubble Space Telescope.  I remember well his passionate support for a deep underground laboratory which would be large enough to encompass a suite of detectors for fundamental physics measurements.  This part of his dream is yet to be realized, but it will, and we shall owe it and so much more to this remarkable colleague.  John created a legacy of imagination and precision, of creativity and rigor.  His passing lessens us all”.
I miss him personally and for his scientific leadership, but I believe that we have been very fortunate to have had him show us the way in many areas of physics and astrophysics at just the right times.
A compendium of John’s research and publications can be found at his website: http://www.sns.ias.edu/~jnb/.

