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Pear-shaped at heart

Finding unusual shapes of
atomic nuclei could help
solve puzzles of physical
theory, says

s ananthanarayanan

SINCE the discovery of the nucleus of
the atom in 1910, there has been phenomenal
progress in understanding the atom, but only
surmises about the nucleus. We know that
radioactivity is in the nucleus and nuclear
physics is a vast field, but the dynamics of
nuclear internals is out of reach. One
question is the very shape of the nucleus.
There are all reasons to think it is round, or
symmetrical, at least. But a report in the
journal Nature, that the nucleus can be
shaped like a pear, could make us re-examine
fundamentals.

At many thousands of times smaller than
the atom itself, the nucleus does not easily
reveal things about itself. As it has electric
charge and mass, it can be used as a projectile
and can be detected. But there is no other
probe than can come close enough to the
nucleus and come away with information
about its structure. A group of 53 scientists
from the UK, USA, Germany, Switzerland,
Belgium, Finland, Sweden, Poland, France
and Spain reports in their paper their
experiment where the emissions from some
nuclei shows that their shape was lopsided.

Ernest Rutherford discovered the nucleus
by an experiment akin to discovering a pea
hidden in a haystack. The method was to fire
astream of charged projectiles, consls[mg ofa
basic nucleus, that of the helium atom,
through a gold leaf which was ]usl afew
atoms thick. The pattern of scattering of the
projectiles, that very few were scattered but
these were through large angles, showed that
the scattering centres were sparse, but had all
the charge of the atom — which showed that
the charge was concentrated at a point that
occupied hardly any of the volume of the
atom. This discovery led to the model of the
atom with a positively charged centre,
surrounded by electrons in orbit, the rules for
stable orbits and all else.

The components of the nucleus, that is, the
proton, which is positively charged, and the
neutron, which is neutral, have since been
discovered. The protons, which repel each
other, stay together in the nucleus because of
a strong attractive force that kicks in at very
small distances. The neutrons, which also
have the strong force, and are not affected by
electric charge, play an important role in the
stability of the nucleus. The helium nucleus,
which is the simplest composite nucleus after
the hydrogen nucleus, has two protons and
two neutrons. This number is in fine balance
from a variety of standpoints and the helium
nucleus is not only stable but it is also a
perfect unit, as the alpha particle, to extract
when a large nucleus breaks up. Or for two
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tapan kumar maitra writes about
the intensity of the spread of
infectious diseases and the
progress made in stemming the
mortality rate

ACCORDING to the extent of spread, infectious

heavy hydrogen nuclei, which are a proton
and a neutron, to form when they merge, in
nuclear fusion.

We can see that this two-and-two
combination, which is stable, is also clearly
symmetric. Similarly, in the higher elements,
which have more protons, the number of
neutrons keeps closely in pace and in their
stable form the elements assume as well
balanced a structure of charged particles as
possible. With varying and odd numbers of
nuclear particles, it is not always a spherical,
or ball-like shape that is the most stable, and

symmetry does not hold. And it is based on
this assumption that most of the successful
current theory of matter, the Standard Model,
has been developed. And just as there are
situations where symmetries do not hold, it is
possible, for certain combinations of protons
and neutrons in nuclei, to consider a nucleus
that has only partial symmetry, and assumes a
pear-shaped profile. In such a case, the
charge would not be uniformly distributed
and the variation of charge density would
result in a situation like having a pair of
opposite charges, or a “dipole” — which
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an elongated shape, like a rugby ball, or a
flattened shape, like a discuss, is a better form
for the nuclear particles. As a result, a good
number of nuclei are slightly off the spherical
form, except for a few, with the so called
magic number of nuclear particles: 2, 8, 20,
28,50, 82, and 126. But even elongated or
flattened shapes, while not the same in all
directions, are still symmetric about reflection
through any axis.

‘This stability of only symmetrical forms is
really a consequence of physical laws being
the same on mirror reflection and even on
reversal of time. So long as we hold on to this
underlying assumption, it is not feasible to
develop a model of the nucleus in which such
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would be affected by electric fields.

The Standard Model, which encompasses
the work done through the last century, seeks
to explain the forces between the
components of matter and also the nature
and structure of matter. It has been
enormously successful in explaining a host of
sub-atomic phenomena and has been dubbed
the “theory of almost everything”. But it falls
short of everything because it does not deal
fully with the force of gravity, some problems
of cosmology and other problems of
symmetries. It is in this context that detecting
beyond the Standard Model phenomena is of
great interest. And finding a nucleus that
shows asymmetry and, hence, behaves
like an electric dipole would be

significant.

Pear shape

The theoretical prediction of nuclei that
could show such behaviour is of nuclei that
have well over the number of nuclear particles
found naturally. A theoretical magic number
beyond 128, viz, 184 and 258, which would be
trans-uranic elements, were thought of as
good candidates. But it is found that these
nuclei were unstable and the series of
spherical form cannot be extended. Instead,
there is the possibility of pear-shaped, banana-
like or pyramid forms, though rarely
encountered, and the group of researchers
writing in Nature investigated some artificial,
radioactive forms of radium, thorium and
uranium, which were predicted as most likely
to take the pear-like shape.
The method they used was the same as what
Rutherford used 112 years ago, but instead of
studying the target, this time the study was of
the projectile. The isotopes of interest were
first created in nuclear reactions and
accelerated to 10 per cent of the speed of
light. They were then fired on a film of nickel,
cadmium or tin, to deflect the fast moving
nuclei through large angles. Atomic nuclei,
even in the normal course, have some electric
dipole properties, because of the distribution
of charge, albeit symmetrical. The neutron, for
instance, is electrically neutral but still has a
magnetic moment, which is due to the angular
momentum of charged constituents. In this
experiment, the pear-like shape was expected
to enhance the dipole behaviour and create
characteristic signals of levels of rotation of the
electric dipoles in the nuclei

‘The group reports unmistakable findings.
The nuclei of radon, with 86 protons, showed
modest enhancement. Radium, with 88
protons, showed stronger enhancement, and
thorium and uranium, with 90 an¢
protons, showed the strongest enhancement.

Current sources of radioactive particles are
not able to provide nuclei with more protons,
for continuing the experiment. But with new
reactors and facilities coming up, this area of
asymmetric nuclei will make progress and the
hunt for asymmetric behaviour will warm up.
The study of pear-shaped nuclei would help
track down the source of electric dipole effects
of nuclei and peer beyond the Standard
Model.

The writer can be contacted at
simplescience@gmail.com

may be
observed in a given area during a certain length
of time). A considerable increase in the level of
sporadic incidence of a gwen disease is known as
an (or epi: in When the
epidemic reaches an unusually large size in some
country or spreads over many countries or even
contlnerhts, it is called a pandemic. In the sixth
and 14 centuries, pandemics of plague were
observed. From 1817 to 1925, there were six
pandemics of cholera, the seventh began in
1961-1963. In 1918-1919, a terrible pandemic of
i ish i spread
the world. In 1957, there was also a pandemic of
influenza, during which over one milliard people
across the world and more than 50 per cent of
the population of the Soviet Union contracted the
disease. In 1972-1973, the influenza virus gave
rise to a new pandemic with the involvement of
2.5 milliard people.

Besides, a special form of spread of infectious
diseases exists — known as an endemic —
involves infectious diseases being retained for a
long time in some locality (yellow fever, tick- and
mosquito-borne encephalitis, tick-borne
rickettsioses, haemorrhagic fevers,

Due to the success in the control of infectious
diseases, the total mortality rate in India has
decreased in the last 100-150 years by 2-2.5 times,
and in other countries by more than four times.

amoebiasis, etc). In contrast to endemic
diseases, there are exotic infectious diseases that
are introduced from other countries (smallpox,
cholera, etc).

The morbidity rate of an infectious disease is
estimated as the number of infected per 10,000
or 100,000 of the population during the year. The
mortality rate is determined as the total number
of deaths from the given disease per 100,000

i Fatality is exp asa
of the number of dead per 100 infected.

Due to the success in the control of infectious
diseases, the total mortality rate in our country
has decreased in the last 100-150 years by 2-2.5
times, and in other countries by more than four
times. The average expectation of life in 28
countries is within the range of 70-75 years. In
the last 50 years, it has increased in the USA by
1.5 times and in the Russia by 2.2 times.

Incidence of infectious diseases in the last 60-
65 years has sharply declined. Infectious
diseases as the cause of death come fifth after

Russian Roman Romanenko landed as planned southeast of the
town of Dzhezkazgan, Kazakhstan, at 831 am local time on Tuesday.
The 53-year-old Hadfield, an engineer and former test pilot from
Milton, Ontario, is Canada’s first professional astronaut to have lived
aboard the International Space Station and be in charge up there.
He relinquished command on 12 May.

cardiovascular disorders, cancer and other
malignant tumours, vascular disturbances of the
central nervous system and diseases of the
respiratory tract. From these far from complete
data it is obvious that medical science has made
great progress in controlling infectious d|seases
the for the
of the advances in science and technology for the
of more
measures to control the stlll numerous ailments
of humankind and create the best conditions of
work and everyday life to ensure the preservation
of health and increase the life-span, the 26th
session of the UN General Assembly adopted the
decision banning the development, manufactuve
and ion of stores of

and
their liquidation.
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The writer is associate professor and head,
Department of Botany, Ananda Mohan College,
Kolkata

A splash of dry salt white on seared red in Australia’s
agonizingly beautiful Outback.

New York City, incredibly clear, before the trees have
filled with leaves.

Looking out the windows of the International Space
Station, every day is Earth Day.

He bowed out of orbit by posting a music video on YouTube
on Sunday — his own custom version of David Bowie's Space
Oddity, which is believed to be the first music video made in
space, according to the National Aeronautics and Space
Administration.

With his mission drawing to a close, Hadfield put together a
fitting farewell to mark the end of his time in space and has

become an Internet phenomenon through his videos and photos
from the 1SS, which he has shared via Tvitter. His use of social
media has helped to reignite interest in space and raise awareness.
His rendition of Space Oddity proved so successful that Bowie even
tweeted about Hadfield's version, “Hallo Spaceboy...”

Cloud vortex spinning its wheels on the Chilean coast..
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Wales ~ rugged, proud and uniquely beautiful.
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