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THE intrigue of antimatter lies inits
untouchability -its utter
incompatibility with the stuffof ou

familiar world. Antimatter particles obey all the

tter particles, but bring

same physicallawsas
the two togetherand they annihilate one
anotherinan explosive flash of energy

Except that

electroweak” theory, which unifies the
electromagnetic and weak forces, two of the
fundamental forces of the universe. Using this
theory, antimatter researchers can work out
how quickly an electron, for example,
annihilates in the presence of its antimatter
nemesis, a positron. Yet as long agoas 1963,

b

itis not quite that simple. Annihilation is not
allthat matter and antimatter do together.
Theory and experiments at the cutting edge of
researchare surprising us with the news that
they can co-exist inaway that promises to
open up some undreamed-of areas of science -
awhole new kind of chemistry, in fa
The existence of antimatter was predicted by
Paul Dirac in 1928 and it was first seen four
years later. But it is only now that we are
discovering that, in the union of matter and
antimatter, annihilation is not the only fruit.
This breakthrough has come from
physicists’ quest foran answer to one of the
longest-standing puzzles about antimatter.
how come annihilation sometimes happens
sofast? The process s described by the

results didn't tally with what the theory
predicted. Annihilation can sometimes
happen millions of times faster than it should.
Take Cliff Surko’s experience. Surko,
aphysicist at the University of California,
San Diego, isa master of antimatter. In 1987,
he was using an fon trap, kept at extremely
high vacuum, to test how long positrons could
survive beforeannihilation. He used electric
and magnetic fields to hold the positrons in
space for as long as possible until they escaped
and hit some matter, or - because t

he vacuum
wasn'tabsolutely perfect - until they bumped
intostray matter. Surko wasn't under any
illusions that he could keep antimatter captive
forlong, but he was hoping for something
better than what he got. “I expected thelifetime

When

antimatter

attacks...

annihilation is the inevitable result. But something

strange happens in the moments before particle and
antiparticle vanish. Eugenie Samuel Reich investigates
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of positrons to be little more than a minute.
It was three-tenths of a second,” he says.

This posed a serious problem. Physicists
had thought the electroweak theory nailed
down all aspects of the interactions between
matterand antimatter. “It was a crying
question,a really crying, crying question,” says
theorist Gleb Gribakin of Queen’s University
Belfast in the UK

Surko has been at the forefront of the
attempt to deal with this problem. He has been
creating beams of positrons, and firing them at
various target molecules. The equipment he
uses catches the positrons that are spat out in
radioactive decay, and then accelerates them
usingan electric field to form a beam that he
can tune to the energy he wants. Exotic though

this sounds, such positron beams are now
standard in medical imaging and for probing
inside materials. Surko’s results, howev
far from standard

Antimatter researchers have coined a term,

theZeff,as ameasure of how quickly a matter
based target annihilates when itis hit by a
positron. A single clectron, by definition, hasa
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Zeffof 1,50 you might expect that the Zeff of an
atom or molecule would be closely related to
the number of electrons it contains. But in his

head-on. But what if the beam doesn't need to
firea positron exactly at the electron, Gribakin
wondered. What f the positive charge of a

t

that this isn't
the case. On the contrary, he has found a huge
variation in Zeffs for different molecules.
Anthracene and sebacic acid dimethyl ester
had Zeffs as high a5 10,000,000, for example.
These are stable organic molecules, with justa
few hundred electrons, yet they were like

deitable tobind to electrons in
the molecule it was flying through? Would this
make a near miss good enough?

There wasa precedent for this idea.
In 1951, while working at the Massachusetts
Institute of Technology, in Cambridge,
Massachusetts, physicist Martin Deutsch

It was a clear sign that something was wrong
with the basics of the theory. “You think, why
does the number become so very large?” says
Gribakin, “What can Imultiply in, or

discovered that indto
electrons, creating a neutral, atom-like system
called positronium that was stable for 100
nanoseconds. At the time, it was widely
considered that it was the electric attraction of

togetsuchala

harged electronand the

tosee these
1992. Around the same time, Gribakin was
studying the interaction of antimatter with
matter at the University of New South Wales in
Sydney, Australia. He quickly found a possible

pos positron that held
positronium together. While that seemed to
make sense, Gribakin thought that it might

also be possible for a positron tobind toa
particle even f it had no net negative charge.
If the positrons were able to deform the electron

problem with the standard approach
A f

electroweak theory, foran electronand a
positron toannihilate, they need to hit virtually
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c nucleus of a neutral
atom, for example, that might allow positrons
to form abound state with that atom. >

“Stable organic molecules with just a few
hundred electrons acted like dynamite
when they encountered antimatter. It
was a clear sign something was wrong"
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In this scenario, a positron would not have
tohitanelectron head-on to annihilate: it just
had to come near enough to be drawn intoa
matter-antimatter hybrid. Eventually, the
attraction between the particles would cause
acollision, and thus an annihilation, and the
hybrid would then decay. In 1997, Gribakin sent
amodel describing these ideas to Physical
Review Letters, but he had noluck gettingit
published. He now thinks the way he set out
his theory was too vague. “One of the reviewers
said something to the effect that the positron

ics community simply cannot belie
und states in neutral atoms,” he says.

But others had been working independently
onantimatter annihilation, and in the same
year Jim Mitroy and Gregory Ryzhikh of what is
now Charles Darwin Unive;
Northern Territory, Austral
calculations in Physical Review Letters

10179, p 4124) showing that the interactions
between a positron andalithium atom
should allow a stable hybrid to form.
similar calculations were done by Krzysztof
Strasburger and Henryk Chojnacki of th

phy
bos

36 | Newscientist| 2 April 2006

Technical University of Wroclaw in Poland.

Mitroy and Ryzhikh also predicted the
lifetime of the atom-positron hybrid: the
positron would hit one of the three electrons in
the lithium atom after abouta nanosecond,
but until that happened the hybrid would act
asanew kind of chemical entity. On the atomic
timescale, that nanosecond is enough time for
the positron to make plenty of orbits in the

brid, and ~crucially for the emerging
ntimatter chemistry - enough for
all kinds of interaction with other atoms.

nce of

Atomic hybrids

ose calculations have led toa complete
change in the way physicists view antimatter.
Mitroy went on to predict that 10 different
atoms could bind with a positron. None of the
matter-antimatter compounds Mitroy
predicted have been found experimentally -
no one has worked out a way to test for their
presence - but the calculations alone were
enough to convince physicists that matter-
antimatter hybrids exist

Itwasasignificant advance, but not as yet

enough to dispel the mystery of Surko's results.
Mitroy's calculations were only good for
atoms, so they still did not explain why
positrons annihilated so easily with large
‘molecules. That next step came from Gribakin,
when in 2000 he showed that positrons might
be even more likely to bind with some
molecules than with atoms.

Fora positron toannihilate withan
electron, it has to be able to get close enough to
lose some of the kinetic energy of their relative
motion. At an atomic level, energy cannot just
be thrown away, it has to go somenwhere.
Molecules have exactly what is needed, which

place to dump the extra energy. Whena
positron hits amolecule, its energy can be
transferred into a vibration of the molecule
~akind of flexingof the bond between
atoms. A large molecule can vibrate in many
different ways, so there should be a wide
range of energles of incoming positrons that
it canaccommodate.

Gribakin turned this idea intoa model that
predicts how different molecules should give
quite different annihilation rates at different
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ANTIMATTER IN THE MILKY WAY

some of ‘The INTEGRAL gamma-ray
molecular ifit an pick
i our galaxy. i i
In1597, i
ecules, molecular Mark
positrons, isi
oran“antimatie fountain”, ichard L th
region near i San Diego, Sofa
INTEGRAL
inmumems il
. s 5
Jatively
g e 2
supemava agnerts,orpartide  anniiation, hesays. iffSurko, o th (G resech cenreat
3 i e T, % wden
“The mix of pUSItI’UﬂS and electrons could possibly even i positrons on INTEGRAL. As INTEGRAL continues
interact with other atoms in i absevin, h say, Pl
new ways. Awhole new set of chemical atter. Butiti
possibilities opens up”
! 1, when never aneyeon that,” Laricchia says. “People talk

he gave a talk mCambndLe Massachuselts,on

state. The result is an atom with chemical

about it as molecular scissors using positrons.”

'his ideas for

form, Deutsch was in the audience. “He swod
upand said‘Now I've seen what we're doing
here, I feel much better’” Gribakin recalls.
Ithink he felt that puzzle of te:

The Pauli principle restricts the number of
electrons that levelin

And
positrons. At the CERN particle physics centre
inG

ordinary atoms. But there is nothing tostopa

physicists
thousandsof antihydrogen atoms,conslsing
ofa

onmolecules had nagged him for 40 years.”

positron occ

occupied by an electron. Because the
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ke

sadly, neumh died p
's model has

produced prLdlLuom that Surko has been able
tobear out in his experiments. For example,

properties,
whole new set of possibilities.

chemistry

rapidif positrons with energies ofabout
o. i

Dave schrader, achemistat Marquette

butane. That 0.3 electronvolts is very close to
theenergy of a known vibrational energy state
of but that i

Wisconsin, is
working on waysof putting this to work.

and Bernard Zygelman of the University of
Nevada at Las Vegas recently calculated how a
‘molecule made of one hydrogen atom and one
antihydrogen atom might form. In principle,
such amixed molecule should form more
easily than an ordinary molecule made of a
pairof hydrogen atoms. The approach of two

“If you geta pommnbuund
it will

inthe butane
leads toa huge drop in annihilation rates of

uleinaway that can be
caleulated,"he says. It could give us  pathway

is prevented
by the need to avoid configurations in which
the two atoms would enter the same state -
the Pauli exclusion principleat work again.

positrons - which is just what
suggests should happen. Bonds involving
hydrogen are quite loose, with plenty of scope

ibakin's model s that could not y But whena
means."Such in hydrogenand bind.
space: our galaxy, for example, isknown to CERN researchers hope to eventually try
antimatter and could be

makingsuch amolecule.

atoms hold
notallowing them the freedom tosnatcha
posironand forma bound state

observed on Earth (see “Antimatterin the

problems, theoreticians are relishing the

Milky Way”). Th

his
positron beam to create and probe many
different kinds of matter-antimatter

ds. The th

in have yet managed to
perform, says Nella Laricchia, a physicist at
Universty College London. She ponts out that

Pauli excl

be used to break upa molecule
intoion donot form whenitis

principle, which flows from the laws of
quantum mechanics and says that two
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hitby an electron. This could be a useful tool in
chemical manufacturing. “We all kind of have

www.newscientist.com/hottopics/quantum

which they
can now try to make predictions. The mix of
positrons and electrons could interact with the
electrons of otheratoms in completely new
ways—opening upawhole new set of chemical
possibilities. They could even lead toa versatile
tool kit for tinkering with molecules. It's
chemistry, but not as we know it. ®
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