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Cutting Edge

orover 20 years, Pijushpani

Bhattacharjee made a living by wor-

ryingabout exoticatufffar away in

the universe. Specifically, he has.

worked on the origin ofthe mysteri-
ous high energy cosmic rays and the even
more mysterious dark matter, postulated by
physicistslike him to exist. No one can see this
dark matter but everyone can sense itin the
swirl of galaxies. After staring atequations
for two decades, this physicist at the Saha
Institute of Nuclear Physics in Kolkata decid-
edto gethishandsdirty: he would participate
inabigexperiment to detect dark matter.

Dark matter experiments have increased in
frequency around the world, as scientists have
become more and more desperate to pin down
this elusive substance. It was not that dark
matter wasrare or that we learned about it re-
cently. About 80% ofthe matter in the universe
consists of this strange stuff. Physicists have
known about its existence for five decades, as
they haverealized that galaxies donothave
enough visible matter to hold them together.
Scientists don’t know

what itis or how it inter- I
acts withnormal matter. Our visible
Light doesnot shine off'it, unlverse conslists
and soitcametobe called of particies
dark matter. andforces, and

Around 2008, the Standard
Bhattacharjee decided to Model of particle
take part inanexperiment physics provides
in Canada. Called Picasso, abeautiful
it consisted of immersing framework to
superheated liquid deep describethemin
underground and creating oneoverarching
atiny droplet of a special theory.Butithas

liquid in it. When a dark
matter particlehitsit,
thisdroplet would vaporise and become a
bubble, creating sound waves in the process.
Bhattacharjee’s team made the simulations
that would helpin

the detection of the sound waves when they
come. “The challenge is to identify all the
backgroundnoise and eliminate everything
other than the dark matter signal,” says
Bhattacharjee. Physicists expect a few hits to
thedropletinayear.

THERE HAS BEEN NONE IN FIVE YEARS.
The other major dark matter experiment in
the US, called Lux, has alsonot found any
particle yet. Bhattacharjee hasnow got in-
volved with an Indian experiment to detect
dark matter, deep in the mountains near Qoty
and to beready within five years. For dress
rehearsal, Indians are trying to build a proto-
type detector in the Jaduguda uranium mine
in Jharkand, or find some other place if the
Atomic Energy Commission does not clear the
venue. “There isno guarantee that current ex-
periments willfind dark matter,” says Rupak
Mahapatra, associate professor at the Texas
A&M University. “So infive years, the Indian
experiment will become attractive.”
Mahapatra, an IIT Kharagpur alumni, is
one of the key motivators for this project and
intendsto bringthe best available technology
to Ooty. Last week, he was the recipient of a big
but unspecified amount of funding from the
US Department of Energy and the National
Science Foundation to build the next genera-
tion of dark matter experiments, using exqui-
sitely tailored detectors ten times more sensi-
tive than the incumbents. Physicists are now
movingindrovesto thisfield, asdark matter
has become the big physics problem after the

This dark matteris

oneof the hlﬁest
ries of science

itshunt one of its

greatest quests
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The Search
for Dark Matter

Physicists are moving in droves to this field, as the subject has
- become the big physics problem after the discovery of the Higgs boson,

ET's Hari Pulakkat writes

Atschool, we have all been told that all matter is made of atoms

is wrong.
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Allthe starsand
galaxies and dust that
we seeformonly 20%

of the matterinthe
universe

We cannot see the other
80%, but we know it
exlsts becauseof its

strong gravitational pull

ongalaxies

Physicists have
slowly begun to
closeinonthe
nature of dark
matter, and

its ultimate
discovery would
beone of its
greatest-ever
triumphs

discovery of the Higgs boson. “We are closer
than ever to detecting dark matter,” says
Sudhir Vempati, associate professor at the
Indian Institute of Science (IISc) in Bangalore.

Vempati, a theorist, works on the so-called
physics beyond the Standard Model: Our vis-
ible universe consists of particles and forces,
and the Standard Model of particle physics
provides a beautiful framework to describe
them in one overarchingtheory. But it has
missing pieces. The Standard Model does not
incorporate gravity. It does not explain dark
matter either. So physicists are looking for
extensions of the model, and theorists like
Vempatihave begun to look more closely at
dark matter. “It will be a tremendous input to
ourunderstanding and theory of elementary
particles,” says Stefano Profumo, associ-
ate professor of physics at the University of
California in Santa Cruz.

Profumo’s work consists of looking for signals
thatmay be connected with dark matter. Give
him a signal, a weird phenomenon that youdo
not understand, and he will tell you whether
dark matter has anythingto do with it. Profumo
likens the current intimations of dark matter
with thediscovery ofradioactivity. I

Attheend ofthe 19th Century, the phenom-
enon of radioactivity gave the first hint to
physicists that there was something out there
in the sub-atomic realm, something unusual
andrich that could one day be excitingand
useful.

Investigations of radioactivity led to the dis-
covery of the atom and a world of immense pos-
sibilities, Where will dark matter lead us?

There is a tremendous amount of matter in
the universe. Our own galaxy contains half
atrillion stars, and there are 100 billion such
galaxiesinthe universe, and more dustand
gasthan the stars. All of this together forms
just4% of the universe. Dark matter consti-

tutes 23%, and therestis

] another mysterious entity
Attheend called dark energy. When

of the 19th you consider matter alone,
Century, the the visible stuffforms only
phenomenon 20%, but it isenough to
ofradioactivity make sucharichand sophis-
gavethe first ticated world that includes
hinttophysiclsts us. Isthereasimilarly excit-
that there was ing world happeningaround
somethingout  dark matter?

thereinthesub- Currenttheoriessaythat
atomicrealm there won’t be too many

particles of dark matter.
But do they interact with normal matter? Are
some of the mysterious phenomena that we do
not understand due to dark matter? Do living
beings interact with dark matter? Thereare
many such questions that remain unanswered
till we find out what constitutes dark matter.
Itisactually a bigger and more significant
problem than Higgs boson. “We knew where to
look for the Higgs boson,” says Mani Tripathi,
professor of physics at University of California
in Davisand a long-time dark matter hunter.
“Dark matter can be anywhere.”

The search for dark matter can yield some
immediate practical benefits. The detectors
are so sophisticated and sensitive that they
can be used todetect minute sources of radia-
tion. Applications abound in security and
healthcare. These applications may pale into
insignificance when we discover the sub-
stance, and if it turns out to interact with visi-
ble matter. We would then enter a new world of
science and technology, rich enough to occupy
the best minds for alongtime.






