duction by administering indomethacin
to the intact animal will increase or de-
crease blood pressure is unclear. In-
domethacin is sometimes used as a sub-
stitute for aspirin, but McGiff says that
there is no evidence that it increases the
blood pressure of individuals taking it.
MCcGiff and his colleagues found that the
drug did increase the blood pressure of
rabbits and dogs.

On the other hand, Jirgen Frolich,
John Oates, and their colleagues at Van-

derbilt University, found that in-
domethacin decreased blood pressure in
a small number of hypertensive patients
and in normal individuals. They gave the
drug to human volunteers because they
and other investigators had evidence that
prostaglandins stimulate the release of
renin by the kidneys. This would favor
angiotensin production and should in-
crease blood pressure. But angiotensin
increases PGE, production by the kidney
and this should decrease blood pressure.

This situation will obviously require fur-
ther clarification.

Part of the problem may be that sever-
al systems are interacting to control
blood pressure, and they are all influ-
enced not just by each other but by such
experimental conditions as the water and
salt balance of the subjects. In other
words, investigators of the mechanisms
controlling blood pressure still have
some problems to solve.

—JEAN L. MARX

The 1976 Nobel Prize in Physics

On 11 November 1974, the world of
high energy physics was electrified by
the news of the discovery of a new par-
ticle with remarkable properties. Just as
remarkable was the fact that two groups
had found it—one a group from Massa-
chusetts Institute of Technology and
Brookhaven National Laboratory led by
Samuel C. C. Ting, and the other a Stan-
ford Linear Accelerator Center—-Law-
rence Berkeley Laboratory (SLAC-LBL)
collaboration led by Burton Richter. The
sudden but permanent impact of that dis-
covery on the field has been recognized
by the award of this year’s Nobel Prize in
Physics to Richter and Ting, only 2 years
after the great discovery.

Ting’s group was studying production
of an electron in conjunction with its
antiparticle—the positron—in proton-
nucleon collisions at Brookhaven. They
found (/) a remarkable yield of electron-
positron pairs of rest energy 3.1 Gev,
indicating the production of a new par-
ticle, which they named J. Richter’s col-

Burton Richter
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laboration was studying the process in
reverse: what is formed when beams of
electrons and positrons are made to col-
lide head-on and annihilate to produce
other forms of matter. Data taken near a
total electron-positron energy of 3.1 Gev
had shown erratic, irreproducible behav-
ior, convincing the SLAC-LBL experi-
mentalists to go back and explore that
region again more carefully. During their
next running period it only took a few
days to find (2) that at precisely 3.098
Gev the rate of annihilation increased
more than a hundredfold, indicating reso-
nant production of a new particle, which
they named ¢.

By chance, Ting was on his way to
SLAC to attend a committee meeting
when the SLAC-LBL discovery oc-
curred. Both results were presented in a
memorable session at SLAC, attended
by a huge crowd that included not only
the usual physicists but many staff
people swept up in the excitement. The
euphoria spread worldwide, and in my
experience not since the discovery of
parity nonconservation (including the
perhaps more profound discovery in
1964 of the violation of CP invariance)
has an experiment had such a sudden
and revolutionary psychological impact.
This immediate recognition of the impor-
tance of J/{ came about because of its
relatively large rest mass, more than
three times that of the proton, its relative-
ly long lifetime, and the ease of forma-
tion by the’ colliding electron-positron
beams. The intervening 2 years have con-
firmed the original expectation: the s (3)
had led to the apparent discovery of a
new property of matter called charm.

Richter, after obtaining his degree at
MIT, went to Stanford in 1956 deter-
mined to carry out experiments testing
the foundations of quantum electro-
dynamics—the marriage of the Maxwell
theory to the Dirac electron theory and
to quantum mechanics. Richter first

made measurements of the production of
electron-positron pairs by 100-Mev gam-
ma-rays, under conditions designed to
strain the theory to the utmost. The re-
sults agreed with quantum electro-
dynamics. Around this time, G. K.
O’Neill of Princeton made the audacious
suggestion that intense electron beams
could be stored and made to collide with
each other at rates so high that processes
of interest to high energy physics would
be observable. Ordinary scattering of
electrons at large momentum transfer
would provide a quite sensitive test of
electrodynamics at small distances.
Richter, along with W. C. Barber and
B. Gittelman, joined with O’Neill and
built at Stanford a pair of electron
storage rings with the 550-Mev linear
electron accelerator as injector, and they
successfully observed the electron-elec-
tron collisions. Again quantum electro-
dynamics was verified, this time on a
distance scale small compared to the size
of the proton.

Samuel C. C. Ting

825



Meanwhile measurements of electron-
positron pair production with higher en-
ergy gamma-rays had been carried out at
the Cambridge Electron Accelerator
(CEA) at Harvard University. The re-
sults did not agree with the predictions of
quantum electrodynamics. Ting, after ob-
taining his degree at the University of
Michigan, had joined Columbia Universi-
ty, and was finishing an experiment at
Brookhaven (which included the experi-
mental discovery of antideuterium). He
decided to repeat the pair production
measurement, and chose to go to Ham-
burg, Germany, where a 6-Gev electron-

synchrotron (DESY) had been recently -

completed. Ting and his group built a
double arm spectrometer to catch the
electron and positron. With remarkably
careful, thorough measurements and
analysis, Ting’s experiment gave results
in precise agreement with the predictions
of quantum electrodynamics. Ting then
went on to study the production of ha-
drons (strongly interacting particles) by
gamma-rays, using the same apparatus.

Up, Down, Strange, and Charmed Quarks

The most accessible and interesting of
these are mesons known as p, w, and ¢.
The p and w are presently described as
states of a quark bound to its antiquark
by the same strong force which binds
three quarks into the proton or neutron.
The ¢ which Ting (and many others)
studied turns out to have special signifi-
cance for the new physics of the . While
the first two mesons are built from the
same quarks (‘‘up’’ and ‘‘down’’) that
build the proton and neutron, the ¢ ap-
pears to be built from a third, ‘‘strange’’
quark bound to its antiquark, and is a
prototype for the s, which is now believed
to be a similar object constructed of a
fourth, heavier ‘‘charmed’’ quark bound
to its antiparticle.

Meanwhile, Richter moved to SLAC
and turned to a series of precision stud-
ies of meson production by gamma-rays.
At the same time he led the design effort
for a higher energy electron-positron
storage ring, with the 20-Gev SLAC lin-
ear accelerator as injector. However,
funding was not forthcoming, and other
laboratories further developed the stor-
age ring art. The French, with their stor-
age ring ACO, made beautiful studies of
p, w, and ¢, which were found to be
formed abundantly when the total energy
of the colliding-beam system was tuned
to the rest energy of the appropriate
particle. This was followed by more re-
search at higher energy at other storage
rings in Frascati, Italy, and Novosibirsk
in the Soviet Union. Richter kept trying
to find ways of building a storage ring,
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and proposed a less expensive version.
In 1970, W. K. H. Panofsky, the SLAC
director, made the decision to go ahead
with construction of the machine, called
SPEAR, to be headed by Richter. Funds
for SPEAR had to be found within the
normal budget for the laboratory, and
consequently it is considerably more aus-
tere than the earlier design. From the
outside, the machine has all the elegance
of the Berlin wall—nothing but a ring of
concrete shielding blocks and barbed
wire. But it possesses hidden charm,
perhaps even beauty, when the actual
instrument is seen from within. SPEAR
incorporated much of the wisdom accu-
mulated over the years on how best to
control and avoid the many instabilities
inherent in the electron and positron
beams. In addition, a sophisticated and
innovative detector incorporating a large
solenoid magnet (with a field volume of
several cubic meters) full of scintillation
counters, shower counters, and wire
chambers was designed, which turned
out to have a versatility and capability
well matched to the physics produced
by the storage rings.

The construction was completed just
after measurements at CEA—itself
turned into a storage ring—indicated ex-
ceptionally large production of hadrons
at higher energies (4 to 5 Gev)—a factor
of at least 5 or so over early optimistic
estimates. Those measurements were
confirmed and extended at SPEAR dur-
ing 1974. These results led to a period of
near hysteria in the theoretical commu-
nity, and stimulated the concentration on
improved accuracy, which led by the end
of the year to the discovery of the .

Ting meanwhile was completing the
successful program started at DESY and
had accepted a position at MIT. He de-
cided to mount a new experiment at
Brookhaven, again to look at pairs of
charged particles—especially his old
friends the electrons and positrons—opri-
marily to search for heavier versions of
p, o, and ¢. A BNL experiment headed
by Leon Lederman, with whom Ting had
collaborated in the early Brookhaven
days, had recently been completed, and a
large yield of muon pairs of high mass had
been observed. For everyday life the mu
is a most inconsequential object. But to
the elementary particle physicist it is a
close relative of the electron. Once the
difference in rest mass (the muon is 200
times heavier) is taken into account, the
ways the mu couples to matter appear
identical to those of the electron. Ting
realized that by using his spectrometers
for electron and positron detection he
could make much more sensitive mea-
surements of the process studied by Le-

derman, who meanwhile chose to repeat
the same experiment (also with electron
detection) at the much higher energies
available with colliding proton-proton
beams at CERN, the European high
energy physics laboratory in Geneva,
Switzerland, and at the Fermilab acceler-
ator at Batavia, Illinois.

Even with his years of experience with
spectrometers at DESY, Ting did not
find it easy to remove the larger back-
ground of unwanted particles at BNL.
The apparatus had to be immersed in
many tons of shielding, making access
difficult. This included 10,000 pounds of
Borax soap (a cheap neutron shield)
which guaranteed that it would be a
clean experiment. Evidence for his sharp
J peak first appeared in August 1974, but
Ting, always a most cautious and thor-
ough worker, checked and rechecked to
be sure the effect was real. By 11 Novem-
ber, when everything became public, the
Ting group was very close to publication
of their results.

What has happened since the discov-
ery? Almost immediately, the favorite
hypothesis of the theoretical community
was that the i consisted of a fourth
“‘charmed’ quark bound to its an-
tiquark. This was not just phenome-
nology; there had been a growing need
for such an object for more basic rea-
sons—reasons that had to do with weak
interactions, and which we return to lat-
er. The analogy of s to ¢ turned out to be
powerful. The i should be produced by

* gamma-rays in a way similar to the ¢,

and this was soon found to be the case in
experiments at SLAC, Cornell, and Fer-
milab. Also, if ¥y were a bound system of
two spin 1/2 particles, there could be
excited levels with a spectrum similar to
that of positronium (the system of elec-
tron and positron, bound to each other
by the electromagnetic force). This sys-
tem has become known as charmonium,
and the 1S, 2S5, and 2P states have been
reasonably well delineated by now,
thanks to a series of beautiful studies at
SPEAR as well as at the DESY storage
ring DORIS. There was early optimism
that charmonium would literally be the
hydrogen atom of the strong inter-
actions. The idea was that at the short
distances (of order 10~!* cm) appropriate
to the bound system, the strong force
would be weakened and similar in form
to the electromagnetic force. This indeed
stimulated the rapid discovery at SPEAR
of the 2S level, called ¢, with rest ener-
gy 3.7 Gev, the predicted position of the
level. However, the early optimism con-
cerning the nature of the force has been
tempered: charmonium is to the quark
(Continued on page 865)
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search, of seeking knowledge for knowl-
edge’s sake (and with no forseeable ap-
plied value) be supported by public
funds? (ii) Is it fair, ethically speaking, to
use animals in studies—to create and
destroy life and sometimes cause suffering
(if unavoidably ‘‘essential”’ for the re-
search) for purely intellectual reasons?
(iii) If relevance of such animal studies to
an understanding of human diseases or
other ‘‘humanocentric’’ problems is
claimed, does not the basic researcher
create his own trap? Relevance, after
years of reductionism and nonapplied
research on esoteric subjects, may be
very difficult to demonstrate.

The complex area of basic biomedical
research—including many studies in ani-
mal behavior and physiological psycholo-
gy—needs to be looked at from a new
perspective. Beginning with animal
rights is only a start. We will get no-
where if the basic researcher remains
locked in his own conceptual world of
consensus values, approved standards of
animal care, and so forth. We must all be
free to look ‘‘objectively’’ at ourselves
and avoid being defensive under the fire
of outside criticism by others who do not
share the same world view. Basic re-
search, and biomedical research in gener-
al, may well benefit once open and con-
structive dialog on animal research is

achieved—with ultimate benefit, one-

would hope, to the animals themselves.

MicHAEL W. Fox
Institute for the Study of Animal
Problems, 2100 L Street, NW,
Washington, D.C. 20037

I regret that Aronson finds hostile an
article in which his assailants’ two most
serious charges are dismissed as ground-
less or absurd and the third is discussed
but not endorsed. It is only in general
terms, not in their specific attack on the
Museum, that I think the animal rights
groups’ arguments are at least worth
considering. Their campaign has un-
doubtedly been hard on Aronson and on
the Museum. Aronson, as the article
concludes in discussing the campaign,
‘‘is an established and productive scien-
tist whose work, in the aspects for which
it is being assailed, differs in no way
from the research carried on by a great
many other investigators.”’—N.W.

Erratum: In the letter from William R. Haven-
der (1 Oct., page 9, column 2, paragraph 1, the
next-to-last-sentence), the word ‘‘not’’ was inad-
vertently omitted from the parenthetical phrase,
‘“. .. (or else, the within-group heritabilities would
not be high, as posited).””

Erratum: In the reply to the letter from Vladi-
mir J. Kone¢ni by Harry W. Power (5 Nov., page 563,
column 2, paragraph 1), the last sentence should
have read ‘“To treat a functional dichotomy as a
continuum is to do as great a violence to truth as
to treat a continuum as a dichotomy.”
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(Continued from page 826)

force as deuterium is to the nuclear
force. The interaction appears to be
quite complicated. There is a need for
large spin-orbit and tensor forces which
are as as yet incompletely understood.
The central force is not an inverse-
square or harmonic-oscillator one, but
something intermediate; roughly a force
independent of the quark-antiquark sepa-
ration. But in any case great optimism
remains that in the long run the charmo-
nium system can teach much about
whether, why, and how quarks of frac-
tional charge are confined within ha-
drons.

Thus, rather rapidly, the evidence for
¢ being a member of the hadron family
as well as a bound state of a spin 1/2
constituent with its antiparticle became
quite decisive. Just this much explains
its production by gamma-rays, the
charmonium levels and helps to interpret
the large yield of hadrons at high energy
observed by CEA and SPEAR. The cru-
cial test came in the expectation that
charmed quarks will bind to uncharmed
antiquarks, forming overtly charmed
hadrons. Their rest energy could be esti-
mated at about 2 Gev, and in analogy to
the behavior of strange particles they
would be unstable with respect to the
weak interactions. This leads to an esti-
mated lifetime of order 10~!3 second for a
2-Gev charmed particle. No time was
wasted in embarking on the search. Ting
was in an especially good position to
attempt the search himself, using his
spectrometers to detect charmed parti-
cles which decayed into two oppositely
charged hadrons. Ultimately 10 million
events were accumulated, but no posi-
tive evidence was found. A similar exper-
iment at Fermilab extended his result to
higher energies, and as yet charmed ha-
drons have not been detected as prod-
ucts of hadron-hadron collisions.

Actually, it was expected that elec-
tron-positron annihilation and neutrino
reactions would be the best sources of
charmed particles, but for a long time the

search was inconclusive. Neutrino-in- -

duced reactions did provide positive evi-
dence for charm, but not until the discov-
ery of charmed mesons at SPEAR this
year did the case for charm become high-
ly persuasive. There is perhaps still room
for the skeptic to doubt the existence of
charm (not to mention the quark) but it is
a severe uphill battle to do so.

The charm concept is more than just a

- label for a fourth quark; it has specific

implications for problems of the weak in-
teractions. The word charm was intro-
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duced by Sheldon Glashow ¢) as early as
1964. Given the introduction of a fourth
degree of freedom for hadrons, a formu-
lation of weak interactions was found that
was more symmetrically balanced be-
tween hadrons and leptons (the family
containing electrons, muons, and their
neutrinos). The unique feature of this
charm picture was the prediction that
charmed matter should decay weakly and
predominantly into states containing
strange matter. This signature made the
search for charm quite specific, and the
prediction so far appears to be borne out
by experiment—although much remains
unclear. But in 1964 this was mostly
speculation and esthetics.

In 1970 real operational use was found
for the charm concept in dealing with
problems of the high-energy behavior of
the weak interactions. The basic descrip-
tion Fermi so brilliantly provided in 1932
(as refined by a few others in the sub-
sequent 30 years) necessarily fails at high
energies, of order 1000 Gev of center-of-
mass energy. Corrections must exist.
During the late 1960’s, confidence in the
technique of estimating such corrections
grew (thanks to large extent to the work
of the Soviet theorist B. L. Ioffe) and it
was found that unless some new physics
intervened at an energy scale of only a
few Gev, it was difficult to understand
why the two neutral strange mesons, K,
and K, should possess such a small mass
difference (experimentally it is less than
one part in 10! of the electron mass). In
1970 Glashow, with J. Iliopoulos and L.
Maiani, showed that the 1964 charm
scheme did the job, provided the
charmed quark was not too heavy.

This observation lay dormant for a
couple of years, until some beautiful
mathematical physics by a young Dutch
physicist Gerard 'tHooft opened the way
for a quantitative theory of weak inter-
actions, where such corrections can be
systematically computed. Not only is
such a theory practical from the point of
view of computation, but its starting
point is modeled after quantum electro-
dynamics. Even more, quantum electro-
dynamics is subsumed into the larger
structure, somewhat as electrostatics
and magnetism are subsumed within
Maxwell’s electrodynamics. Finally, the
simplest version of such a unified weak
electromagnetic theory, as formulated
by Steven Weinberg and Abdus Salam,
requires the existence of muonless neut-
rino-nucleon interactions (‘‘neutral cur-
rents’’). These not only have been found
but, most importantly, agree quantita-
tively with the theory. It is no wonder
that this theory is by far the most
serious candidate for a successful de-
scription of the weak force in its natural

energy domain. But, for essentially the
reasons discovered earlier, inclusion
of the charmed quark appears to be an
unavoidable ingredient in this theory
as well.

Thus the existence of charm lends sup-
port of sorts to the present viewpoint on
weak interactions and its potential syn-
thesis with electrodynamics. Nowadays,
with charm scarcely established, many
are already looking far beyond the de-
tailed study of charmed matter. Ting has
followed Lederman to the CERN storage
rings and is now mounting a large experi-
ment, this time to detect muon pairs with
rest energies up to 15 Gev, in the hope
that history may repeat again: there is no
particular reason why the number of
quark types should stop at four. Richter
is deeply involved in a large electron-
positron storage ring project (PEP)
which is under way at SLAC. Center-of-
mass energies of more than 30 Gev will
be available upon completion of the pro-
ject in about 1980. Ting is also planning
an experiment at a similar project (PET-
RA) under construction at DESY. Be-
yond that, Richter is a strong proponent
of the eventual construction of very large
electron-positron rings of center-of-mass
energy up to 200 Gev. If the present view-
point of weak interactions is correct,
at these energies quantum electrodynam-
ics, as Richter and Ting knew it in the
1960°s, should break down, and with
their 30-Gev experiments at PEP and
PETRA they should be able to see the
breakdown occur. If they do not, and in-
stead the old quantum electrodynamics
is verified, there will be almost as much
impact on the theory as had Ting or
Richter found a breakdown in their early
experiments.

J. D. BJORKEN
Stanford Linear Accelerator Center,
Stanford, California 94305
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