SPECIAL SECTION

The decade of my association with research in India

Bernard Peters

To the study of cosmic-ray nuclei and the search for cosmic ray-produced radionuclides, Bernard
Peters brought hard work and new ideas.

My first contact with India occurred
soon after it was established that the
primary cosmic radiation (CR) bombar-
ding the earth consists of a variety of
different nuclei. An obvious but very
important question arose: Does this, the
only material accessible to us from
beyond the solar system, consist of
matter only, or does it contain also
antimatter (i.e. atomic nuclei of negative
electric charge)? As far as it is known,
both matter and antimatter are always
created together and in equal amounts.
Why only one kind (i.e. matter) can be
found in the solar system and beyond is
still an enigma.

At equatorial latitudes the geomagne-
tic field produces an asymmetry in the
CR. It prevents positively charged
particles in certain energy intervals from
reaching the earth from the easterly
direction, and, at the same time, it
prevents negatively charged ones .(i.e
antinuclei) from reaching it from the
westerly direction. Thus, a very basic
problem in physics and cosmology
could be investigated by measuring the
arrival direction of complex CR nuclei
in the equatorial stratosphere.

I met Dr H. J. Bhabha in New York
in October 1949 to discuss this problem.
He had then already initiated a CR
research programme at the newly crea-
ted Tata Institute of Fundamental
Research (TIFR), Bombay, and the
programme included balloon flights into
the stratosphere. Obviously, a coopera-
tion on this fundamental experiment
between the TIFR and the University of
Rochester at which I was then teaching
was indicated.

I arrived in Bombay on 31 August
1950, with an apparatus designed to
measure such an asymmetry. It would
keep airborne packages of nuclear
photographic emulsions oriented in spa-
ce, independent of wind-induced rota-
tion of the balloon clusters.

An carly letter to my family describes
my first impression of the people and
the conditions available for this co-
operative experiment:

My first impression of the Tata Institute of
Fundamental Research is very favourable,
much more so than I had a right to expect. I
have met a good many scientists, people with
knowledge and interest, whom one likes at
first sight. The institute, housed in a former
royal officer club, has so much space, it
would make everyone in Rochester green
with envy. The library is large and adequate.
The electronic labs and the machine shops
look good. It is located at the Bay, from
which it is separated by a small park with
flowers. Mr Godbole, the secretary of the
institute has reserved my room at the Taj
Mahal Hotel ... looking out over the ocean
with fishing boats and islands in the distance.
It is hard to describe how beautiful it is.... I
have not broached the subject yet, but who
can pay for such royal quarters? I certainly
can't....

I have already talked to some of the
physicists. I am very impressed and relieved
that they have already made successful
balloon flights to 95,000 feet for several hours
with rubber balloons; so they know a great
deal more about the subject of flying than I
do. This was my greatest worry, so my hope
for success is much increased. Their percent-
age of recovery, 60-90% return of equipment
within two days, also sounds exceedingly
good.... My first impression about facilities,
competence of people, and their character is
extremely favourable, but so far based on
only four hours of contact.... Dr Taylor is the
chief of the cosmic ray emulsion group, the
division using photographic plates. He is
half-time professor teaching at a college
belonging to Bombay University and half
time at the Tata Institute. An Englishman
about 50 years old....

And:
Bombay, Sept. 29, 1950

Taylor and I are flying to Madras on the 8
October, then drive to Bangalore, stopping
at several places to pick out observation
stations for theodolites. We will meet some of
our crew in Bangalore, tranship equipment
from therc to Madras, and start flying on the
15.

A large number of rubber balloon flights
were begun on 15 October from the
cricket ficld of Madras Christian Colle-
ge in Tambaram. Another letter, of 22
October 1950

1 was sitting in a moonfit night at a brick
fireplace in the woods, cooking balloons from
mid-night to 3 am. Then | woke up our
group, and, as planned, at 5.40 a.m, twenty
minutes before sunrise, vur 24-bulloon flight
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went off. It was the most elegant launch-
ing operation with 25 people involved.
Many college students volunteered. The flight
stayed up for at least 10 hours and was
observed by our theodolite stations in
Madras, Vellore, Kolar and Bangalore.
Wireless communication and weather perfect.
Except for the fact that the old balloons did .
only go up to 75,000 feet instead of 95,000
feet, it was a perfect flight. Our score is now:
first flight 15 October, a failure but recove-
red. Second flight, 70-80,000 feet. Weather
permitted only four hours observation, but
judging from the place at which it came
down, it probably was an eight-hour flight. I
am leaving tonight for Kuppam to recover it.
Third flight today, probably 10-12 hours
above 70,000 feet. I have no doubt that we
will get excellent flights if we have better
balloons and more rope.

The flights continued into November.

Subsequent examination of the emul-
sions at Rochester and Bombay gave a
clear answer: The region of the galaxy
where CR originates contains matter
only; less than one in a thousand of the
nuclei consists of antimatter. This ans-
wer stands today. The upper limit for
antimatter has since been lowered from
1073 to about 1073, This result is quite
surprising and disturbing, if one accepts
big bang models of cosmology. Various
attempts to explain the asymmetry are
still quite tentative.

Peters (nght) and assistant, producing hydro-
gen gas for balloons in high-pressure auto-
claves, Tambaram, 1950

The enthusiastic work of the TIFR
emulsion group led by H. J. Taylor® of
Wilson College in Bombay and the

See Curr. 8ci, 1990, §9, p. 1267 for arlicle by
H J Taylor
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excellent help and cooperation we got
from the Madras Christian College staff
and students in carrying out this very
arduous halloon campaign in Tambaram
motivated me to accept Bhabha's offer
to return to India for a longer stay. And
so, having returned to Rochester at the
end of 1950, I returned to India at the
end of 19581 and brought my family.
The 1850 experiment was an auspi-
cious beginning for my work in Inda.
which should last throughout the deca-
de. I realized then that the geographical
position of India, combined with the
facilities built up at the TIFR, presented
a unique combination for research on
many other basic problems related to
CR, a fact which Bhabha had realized
already when he founded the institute,
The geomagnetic field at low latitude
prevents the bulk of low-energy CR
from reaching the earth's atmosphere, so
that the very rare high-energy processes
could be studied here without being
swamped by background, a greait ad-
vantage over the situation in the USA
and Europe. It remained to identify
feasible experiments, which could be
expected to yield new and relevant
results in high-energy physics. We chose
to investigate the following problems:

1. The chemical composition of high-
energy CR, especially a search for
evidence that it may reveal traces of 1ts
prehistory, its acceleration by as yet
unknown processes at unknown Sources,
and its passage through interstellar
space. Are all atoms completely or only
partially ionized before acceleration? In
other words, what i1s the temperature in
the source region? How many, if any,
long-lived radioactive nuclet which may
be present in the source have survived
the transit to the solar system? How
long have the particies been on the way,
how much interstellar matter (mostly
hydrogen gas) have they traversed?, etc.’

2. What happens when CR nuclei of
energy far greater than could then be
produced in laboratories colliide with
other nucle1? How do complex nuclei
then disintegrate? What are the collision
cross-sections for the vanous disinte-
gration products?

3. What unstable particles are created
as the result of the prodigious energies

released in these collisions? (Some of

them were known to be pions which
had been discovered a few years earlier

718
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Stimulating discussions

B. V. Sreekantan

The Tata Instilute of Fundamental Hesearch was founded by Homi Bhabha in
June 1945, and immediately after that experimental cosmic-ray research was
organized under three ditferent groups—the high-altitude studies group under
A. 8. Rao, the nuclear emulsion group under H. J. Taylor and the cloud chamber
group under A. B. Sahiar. | joined the cloud chamber group of the institute in
August 1948, and as suggested by Bhabha | started to build fast-pulse
electronics circuits and detector systems for a systematic investigation of u-
meson decay. In 1843 we moved from the Peddar Road premises, which was
Rhabha's own house, to the spacious Yacht Club building next to the Gateway of
India, and by the time Peters came in August 1950, the activities in all the three
groups were in full swing and the institute had also started work in other areas
like nuclear spectroscopy, under B. V. Thosar, and nuclear reactions, under R.
Ramanna. Towards the end of 1950, Bhabha organized the first international

conference on elementary particles, which was attended by many leading cosmic-
ray physicists and theoretical physicists. Peters was already there in connection -

with his heavy-primary experiment carried out in Madras in collaboration with
TIFR. Just around this time Bhabha suggested to me that | should take a Geiger
telescope down the Kolar Gold Mines and measure the intensity of the
penetrating component, and then using the u-decay set-up check whether all
underground penetrating particles are indeed muons. By the time Peters returned
in December 1951 from the US to join TIFR on a more permanent basis, Naranan
and myself had completed the intensity measurement up to a depth of 1008 ft
below ground and were busy building the detector system for measuring the
angular distribution of particles at various depths. Our very first paper entitled
‘Cosmic rays underground’, published in the Proceedings of the Indian Academy
of Sciences in 1952, was based on extensive discussions with Peters. The second
paper entitled 'On the angular distribution of penetrating cosmic-ray particles at
a depth of 103 MWE beiow ground’ (which had a bearing on the proportion at
production and litetime of the [ust then discovered K-mesons), which also
appeared in the Proceedings of the Indian Academy of Sciences, was
communicated by Peters himself.

Peters stayed on at TIFR till 1859 and during the eight years that he spent

there: played a major role in not only leading the activities of the nuclear

emulsion group, but also in influencing the activities in other areas of cosmic-ray
research. In 1955 he started, along with Lat and Rama, investigations on cosmic-
ray-induced radioactive isotopes in the atmosphere.

Though in the beginning Peters was not very enthusiastic about my starting
extensive air-shower work at TIFR since India did not have any special advantage
over other groups, he did change his opinion and supported me later. In starting
this work | had taken the stand that the opportunity for developing frontline
electronics and detector systems was equally important and challenging and an
air-snower investigation did provide this wonderful opportunity. The nanosecond
timing system that we developed in this spirit, and also the total absorption
spectrometer, became extremely important assets to much of the later

- investigations on the time structure of particles in extensive air showers. |

Interestingly, Peters, after moving to Copenhagen, started studies on time
structure of muons in air showers in search of ‘heavy-mass particles’ which he
called plutons, and at Ooty we started time-structure studies on hadrons using
a total absorption spectrometer. These studies led to one of the most important
results from Qoty in high-energy-interaction studies, namely the dramatic
increase in the cross-section for nucleon—antinucleon production at tens of GeV
energies much betore the advent of the CERN accelerators. Peters spent almost
a month with us at Ooty when we were doing this exciting experiment in the
summer of 1965. Discussions with him were stimulating and always made us feel
more confident.

B. V. Sreekantanis :‘n'rbe Tata'Institute of Fundamental Research, Bombay 400 005
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by C. F. Powell in Bristol.) How many
subatomic particles are created? What is:
their angular and energy distribution

_qh

when they emerge from the collision
centre and what can this tell us about
the interaction of subatomic particles
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Marking emulsion sheets with radioactive
nylon fibres for assembly into emulsion
blocks, TIFR, Bombay, 1953.

with nuclei and with each other? What
are the rest masses of these particles,
their decay times and other properties?
Thus an enormous research progra-
mme lay before us, in which the
advantages deriving from India’s geo-
graphical position could be exploited.

4. There is, however, at least one more
subject of great interest in high-energy
CR research which we did not take up,
namely the study of the so-called
extensive air showers. These are pro-
duced in the atmosphere by extremely
rare CR primaries of extraordinarily
high energies. Here India has no
geographic advantage over other re-
gions since the measurements on exten-
sive air showers have to be carried out
on the ground, where the thick over-
lying atmosphere excludes low-energy
background at all latitudes. A vigorous
programme on extensive air showers
was, nevertheless, also initiated at the
institute at that time, and produced
under the leadershipof B. V. Sreekantan
many useful results. The success of his
work can in part be ascribed to the fact
that India possesses in the Kolar Gold
Mines one of the deepest underground
installations suitable for CR research.

But the attention of the group which
I had joined concentrated on high-
altitude measurement and on the first
three listed subjects. We employed
nuclear emulsions and balloon techno-
logy and were able, in the course of
time, to improve both these technologies
significantly.

Intensive sciennfic work at the insti-
tute engulfed me almost immediately
after returning from the US. Among the
large number of CR interactions which
had been found in the emulsions
exposed in the 1950 flights there was on¢

Enduring influence
R. R Daniel

When Bernard Peters first came to India in 1950 to conduct a well-planned high-
altitude rubber balloon experiment to study primary cosmic rays, the group at
TIFR consisted of fresh MSc's in their twenties with just one to three years of
introduction to research. H. J. Taylor, professor of physics at Wilson College, was
our research guide while Homi Bhabha used to take part in scientific discussions
and planning. And Bernard, fresh from the success of the discovery of heavy
nucler in cosmic radiation, was in a hurry to achieve more. To accomplish this he
came prepared to drive himself to the limit and to sweep the rest of us with his
excitement and success. He worked with us literally day and night, shoulder to
shoulder, sharing every bit of work, manual or intellectual, in the launch ground
or in the laboratory. His subsequent stint at TIFR from 1951 was a turning point in
the lives and careers of many young men who went on to achieve great things in
their own lives. Bernard's association with TIFR was only for about seven years,
but its effect was lasting and immense.

It is not just the very good science that was done during his tenure in TIFR that
I consider to be his great contribution. It was the objective method of
approaching problems and the importance of honesty in thought and action that
he incuicated in the minds and hves of his young colleagues by his example and
emphasis that left an enduring impact. We were very impressionable in those -
days, and the open discussions he encouraged, his respect for individual
opinions, and the close relations he established with each one of us contributed
to our acceptance of the value system he stood for and promoted. In my own
expenience | recall that in spite of his intense interest and activity then on the
study of heavy nuclei in cosmic radiation, he allowed me to start a programme on
my own to study nuclear disintegrations caused by energetic helium nuclei in
photographic emulsions.

Yet another quality in him is worth mentioning. It is a common practice among
scientists to continue research for a lifetime on the same problem in which they
made interesting contributions in their youth. This is one of the major reasons
why the qualty of research carried out by even good scientists becomes
pedestrian with time; and this practice is quite widespread in not only India but
the world over. Bernard was different. He was always looking for new openings
and opportunities. Even within the seven years he was with us he changed his
field of prime interest from primary cosmic rays to the search for radioisolopes
produced by cosmic rays and therr applications in various fields. He was always
open to change. This example stood many of us in good stead in our later
careers.

Of course he was an aggressive, high-pressure worker. And he expected his
younger colleagues to be always hardworking and sincere. In summary, the
abiding benefits that Bernard Peters left behind to TIFR and the band of
young researchers were scientific temper for the individual and an enabling
atmosphere in which free and objective human thoughts can thrive.

R. R. Daniel 1s in the COSTED Asia Regional Office, 24 Gandhi Mandap Road,
Madras 600 025

very rare and huge one with ncarly four
hundred created subatomic particles,
initiated by a primary CR nucleus of
magnesium. This interaction remained
for yeurs the largest nuclear disinte-
gration ohserved anywhere in the world.
It became the subject of much theore-
tical investigations on  meson  pro-
duction, and it yielded a great deal of
new information.

For one thing, it answered a question
which was still under discussion at that
time, namely whether pions are pro-
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duced individually in successive encoun-
ters with nucleons of the target, or
whether they are produced en masve in
nuclkeon-nucleon collisions like a cloud
whose size increases with encrgy. The
several hundred particles ereated in our
event were incompatible  with single-
production models.

The event also permilted a new
technigue for determining the very high
energy of the primary. Postulating
symmetry in the forward and bachward
emission of secondary ” particles in the
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New ideas
Gaurang B. Yodh _

At one end of a panelled hibrary at the Yacht Club there were two offices—one

experimental physics, Bernard Peters. It was January of 1957, | had just joined
- TiFR and was on my way o see Protessor Peters. As | entered his office | saw a
sirong face with deep-set, intense eyes and a broad smile welcoming me. |
wanted to start research in cosmic rays. | had come to Bernard in search of a
good problem to make myseif familiar with the irontiers in cosmic rays. He
! immediately suggested that | work with him on the problem of composition of
cosmic rays near the 'knee’ of the energy spectrum at 10'3 eV. | welcomed the
otter.

, This was the start of the rigidity cut-otft model of Bernard Peters. We were trying
to understand the variation of the content of nuclear-active particles in air
showers through the ‘knee’. In typical Peters style we developed an equilibrium
model for shower propagation which made it possible to do calculations without
the use of computers! Many different aspects of shower development were
studied. We had many vigorous discussions, comparing results and discussing
limitations of the particle-physics models. The model predicted that cosmic rays
should have different elementai composition above the ‘knee' compared with that
at lower energies, composition becoming dominated by heavy nuclel above

1013 eV,

‘This prediction was a radical departure from known composition at low |

energies, which was dominated by protons and helium nuclei; the year was 1958!
Only 30 years later are experiments ppinting towards the validity of this
prediction. Peters worked on phenomenological improvements and extension ot
this basic approach for the next five years. This work culminated in the
comprehensive paper of Yash Pal and Bernard Peters on cosmic-ray
propagation in the atmosphere.
Bernard always encouraged pursuit of new ideas, while at the same time
examining them with a critical eye. He was the dominant figure in cosmic rays in
India for over ten years. He established an outstanding school ot cosmic ray
physics at TIFR. Much of my work during the last fifteen years in cosmic rays
reflects the deep interest that was generated while working with Bernard in the
fifties. | extend my felicitation to Bernard Peters on his entering the ninth decade
of his life.

Gaurang B. Yodh is in the University of California Irvine, Irvine, CA 92715, USA

i of the protessor of mathematics, D. D. Kosambi, and the other of the professor of
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centre-of-mass system of the collision,
one easily obtains from thewr angular
distribution, if a large number of
secondaries is involved, a precise deter-
mination of the velocity of this centre-
of-mass system, and thereby the energy
of the incident primary particle. Ener-
gies could here be measured which were
several thousand times higher than
those which could previously be deduced
from particle trajectories in the earth's
magnetic field, In our case, the incident
magnesium nucleus had 7.8 x 10!2 elec-
tron volts (eV) per nucleon or a total
inctdent energy of 1.9x 10" eV. Most

of the shower particles had energies of
the order of 10! eV.

These energy determinations indica-
ted that complex primary CR nuclei
exist at least up to those energies at
which extensive air showers become

720

observable on the ground. Their con-
tnnbution to the extensive air shower

phenomenon i1s probably significant if
not dominant. |

The microscopic investigation of the
24 emulsion-covered glass plates, which

were traversed by the hundreds of ;
- shower particles, took us several months
of very intensive effort, usually lasting
- late into the night. By scanning along

the tracks of the created particles
through successive emulsion layers, one
found numerous interactions in this as
yet unexplored energy regime, and
could study their characteristics, In
particular how they differed from the
interaction of protons at comparable
energies. One found numerous examples
of electron—-positron pairs produced by
the decay gamma rays of ncutral pions,
and thereby obtained limits on n°

P

abundance and litetime. One also found
not previously observed examples of
electron—positron pairs produced by
charged particles, i.e fast electrons and
protons.

. The entire field of particle physics and
high energy remained the exclusive
domain of CR research for almost
another two years, 1.e until 1954, Then
the particle accelerators began to ope-
rate at Brookhaven and Berkeley. The
tantalizing results obtained in CR were
instrumental in stimulating the const-
ruction of those and even more power-
ful accelerators.

In these detailed studies of high-
energy collisions there were indications
that particles, other than pions, were
created. However, a detector composed
of glass-backed thin emulsion sheets did
not lend 1tself easily to the identification
of such particles and to the study of
their properties. What was needed were
solid blocks of pure emulstons, sensitive
throughout their volume and yet
capable of being studied microscopically
with high magnification.

Our group experimented with various
ways to process free-floating, large thin
sheets of emulsion, which, although
they swell up during processing, could
then be dnied to return them to almost
their original dimensions, and to mark
them precisely, so they could be brought
back into the relative positions which
they occupied when exposed as a solid
block during flight, with precision of the
order of a few hundredths of a milli-
metre. After some false starts we were

successful almost beyond expectation.

Now the decays and interactions of
numerous charged and neutral particles
could be observed. By tracing tracks
backwards and forwards into the emul-
ston block, particle decay modes could
be 1dentified and the nuclear events
could be 1dentified in which the particles
had been created. The particles ob-
served 1n these detectors are now
known as pions, K-mesons and
hyperons. Thetr masses could be deter-
mined with good precision, their decay
modes were clartfied, and the associ-
ation of K-mesons and hyperons in
production and 1n nuclear capture was
observed. The number of wunstable
subatomic particles in these preacce-
lerator years rose to about: 14; it has
increased only slightly since the acce-
lerators entered this field more than 35
years ago.
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At the 1953 CR conference at Bag-
néres de Bigorre, sponsored by the
International Union of Pure and App-
lied Physics, the new results obtained by
means of our emulsion block detectors
played a significant role in clarifying the
then confusing situation in particle
physics. Yet, within a year, it became
apparent that when high-energy accele-
rators would enter the field, the unique
role of CR in this research area must
come to an end. A change of direction
in our CR research became necessary.

We decided to study the production
of radioactive isotopes produced by CR
in collision with atmospheric nuclei and
their subsequent fate. How many and
what type of isotopes are being pro-
duced? How do they reach the earth?
By what pathways and how fast are
they distributed among the principal
geophysical reservoirs, such as atmos-
phere, hydrosphere, lithosphere, bio-
sphere and the polar ice cap? The
concentration of these isotopes of diffe-

- rent life-times should make it possible’

to study the turnover of matter in these
various reservoirs, and the rate at which
matter is transferred among them. One
might study the exchange of air masses
between stratosphere and troposphere,
the ablation rate of rock surfaces, the
sedimentation rate in lakes and on the
ocean floor, the mixing of water bet-
ween deep sea and surface layers, the
ablation of polar ice by evaporation and
by winds and ice flow. All these and
many other phenomena should give rise
to characteristic concentrations of the
radioactive ruclei produced by CR.

For this new direction of research we
had to acquire new unfamiliar techni-
ques. Instead of emulsions and micro-
scopes we now used:

— lon exchange columns to extract
certain nuclei from rain water

~ Microchemistry to concentrate the
extraordinarily small samples (one is
always dealing with quantities far below
the limits of visibility)

— Low level particle and gamma-ray
counters to detect disintegration rates
(sometimes as low as one or less per
hour)

These then became our new rescarch
tools. More important still, we had to
familiarize ourselves with many bran-
ches in geophysics and learn what was
known at the time about the transport
of air masses, global precipitation patt-

Search for 1°Be in melt water of fresh snow fields, Khilanmarg {13,000 feet), 1955 (/eft), and
rain water analysis for cosmogenic radionuchdes in the first isotope laboratory in Colaba,

TIFR, 1956.

erns, and, in particular, the build-up
sediments on the ocean floor, where
some of the long-lived isotopes, which
could survive the transport, would
finally come to rest. We began to collect
samples in the stratosphere, tropo-
sphere, biosphere, in rivers, lakes and
oceans, in deep-sea sediments and polar
ice caps.

Through our emulsion work we had
already accumulated a considerable body
of knowledge on the number and kind
of nuclear interactions which CR pro-
duce in the atmosphere at different
heights and latitudes. This permitted us
to make rather reliable estimates of the
rates at which suitable radioactive isoto-
pes were continually being introduced
into the atmosphere. These rates are
rather small. Typical values are: three
nuclei of '°Be per minute per kilogram
of air, 0.1 nucleus of 32Si per minute,
and one nucleus of 26Al every two
hours. All these and many other isoto-
pes are brought down to the earth in
rain water and slowly diffuse into the
various geophysical reservoirs while at
the same time disappearing by decay at
their characteristic rates.

We began the work by collecting
enormous quantities of rain water.
Large plastic sheets were spread over
the roofs of the huts which served as
temporary chemical laboratories at Co-
laba where later the modern labora-
tories of TIFR should arise. We even
collected water on the large terrace of
our apartment on Peddar Road. From
there we channelled the monsoon wa-
ters through ion-exchange columns to
extract the very small number of
interesting atoms.

At that time the only radioactive
nuclei on earth were those of the heavy
elements of the natural radioactive
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series (whose life exceeds the age of the .
earth) and their decay products. All

other radioactive isotopes on earth were

cosmic-ray produced. This had been
true through the ages until atomic-

bomb testing began to disturb this

peaceful state. From then on appropri-

ate corrections became necessary.

Instead of launching balloons we now
went on mountain expeditions. In one
of our first experiments in search of the
long-lived isotope !°Be (z21.6 m.y.), we
set up ion-exchange columns above
Gulmarg in Kashmir, high up in the
melt water of snow fields, to get hold of
these rare atoms before they could make
contact with the soil and adhere to it.
Only two of the horses that carried
our apparatus and equipment up to
Khilanmarg were capable of going high
enough. We extracted nuclei from thou-
sands of litres of water. But soon, after
verifying our theoretical calculations
about production rates, we learned to
extract most of the isotopes from much
more modest samples of a few litres and
began to analyse individual rain sam-
ples.

The CR-produced isotopes which can
now be identified are shown in the
table, many of them were first obtained
in Bombay.

Element Half-life
3He Stable
1°Be 16my.
2671 710 k.y.
10y 300 k..
BIKr 210 k.
e 5730 y
25 130 y
WAr 270y
1 123y
22Na 26y
Mg 87d
"Be s3d
FAr 35d
Mp 25d
ip 143 4d
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The detection of the isotopes with
very long half-hives was difficult. We
finally succeeded in measuring the '“Be
concentration i deep-sea  sediments
using one of the very earhiest deep-sea
ocean cores, which had been obtained
by Petterssen and B. Kullenberg in
Gotchorg, Sweden. Another mmpeortant
long-Ined CR isotope. “®Al was not
isolated in ocean sediments until many
vears later. The tiny concentration of
126 in ocean waler was not measured
until Lal extracted this i1sotope by a

il il

novel technique from hundreds of tons
of water in situ and identified it through
its short-lived radioactive decay product
32 P.

This branch of CR research has been
prospering since its beginning m 1955
CR-produced isotopes continue to play
a role in ocecanography and other
branches of geophysics.

It was primarily for family reasons
that | decided to leave India in 1958. ]
then accepted a position at the Niels
Bohr Institute in Copenhagen but my

connection with India did not ce
visited India and the TIFR repe
over the years. Scientists from the
have been guests in Copenhage
worked with me both at the Niels
Institute and later at the Danish
Research Institute. This connectic
remained intact even after my

ment.

Bernard Peters lives at Lundt
155A, DK-2800 Lyngby, Denmark.

The discovery of cosmogenic "Be in India

D. Lal

The search for beryllium-10 was an exciting mix of brilliant ideas, ingenious and heroic metho
thousands of gallons of Bombay rain water and Himalayan snow melt—and tenacity.

The story of the discovery of cosmogenic
i®Be produced in the earth’s atmos-
phere is the story of independent
evolution of scientific 1deas in two
groups in distant continents. This often
happens in important scientific dis-
coveries —and the discovery of '“Be
was indeed an important milestone in
nuclear geophysics/geochemistry. More
than a dozen groups all over the world
are now measuring the concentrations
of '°Be in a wide variety of samples to
learn about vanous parameters; past
cosmic ray and geomagnetic field inten-
sities, subduction of marine sediments
along the plate margins and rates of
erosion of natural surfaces, and many
other leading questions in geosciences. 1
relate here the story of discovery of
'9Be by B. Peters in India, |
If the title of ‘king” had to be given to
a terrestrial cosmogenic nuclide (a
nuchde produced by nuclear interactions
of cosmic-ray particles (with matter), it
would no doubt go to '*C (half-life = 5730
yr), the very first to be discovered! 3. By
any standards, its detection was a brilliant

accomplishment. The ratio #C/!'*C
in modern carbon is ~1071'%2 The
detection* of *H (half-life = 12.3 yr)

with electrolytic enrichment was later
accomplished by Libby and his colleag-
ues for rain-water samples having *H/'H
ratios of > 107 '" This was another
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significant milestone 1n the field of
cosmogenic nuclides. The third long-
lived terrestrial cosmonucleus to be
detected was '“Be (half-life = 1.5 m.y.).
Peters® discussed the potential applica-
tions of this nuclide in 19355, The
nuchide was detected unambiguously
and independently in 1956 in marine
sediments by J. R. Arnold® in Chicago*,
and by B. Peters” and his colleagues in
Bombay. Amongst the terrestrnal atmo-
spheric cosmogenic nuclides (henceforth
called cosmonuclel; cosmonucleus for
singular), 1°Be occupies a high rank as a
radiotracer because of its long hali-life,
[.3 my. It is the longest lived of the
terrestrial atmospheric radioactive cosmo-
nuclei and s useful for the study of
processes and time-scales back to the
Late Miocene. The detection of '“Be in
the late fifties was therefore another
milestone in the field of cosmogenic
nuclides, but 1ts studies, although the
only means for determining accumulation
rates of marine sediments and manganese
nodules back to 10 m.y. in the past,
remained confined to a few scientific
groups in the world. This was a direct
consequence of the fact that the meas-
urement of '°Be activity involved very
sophisticated radiochemical and low-
fevel beta-counting methods. With the

"See article by Arnold, page 727 this issue.

development of the AMS meth
1977, leading to substantial im
ments In the detection sensitiv
‘Be (and other long-lived nuq
there was an almost immediate
application ' exploston. This nucl
being currently studied®® in ¢
samples of air, rain water, snow
rocks, ocean water, marine sedi
etc. to answer a wide range of que
in palacoclimatology, glaciology.
chronology, subduction of the
sphere, geomagnetism and cosm
physics. Studies of '°Be have bec
sort of industry. This nuclide rank
to the ‘king’, of cosmonuclei, '*C.
The first detection of cosmo
(terrestrial or extraterrestnial) was
rally accomplished by chemist:
instance, of **C by Libby. For Arr
chemist, it would probably be
natural and a relatively simple t:
go after this nuclide! Peters was,
ever, a physicist. He launched ¢
fledged attack to discover this n
after he had convinced himself th:
was an important nuclide in view
chemical behaviour and long half-]
the first paper* on !°Be in
‘Radioactive beryllium iIn the
sphere and on the earth’, he said:

[t is estimated that about 1000 nu
radioactive '“Be (2.7 m.y. half-lif
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