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WE ARE familiar with three common
states of matteror phases: solid, liquid, and
gas. Transformation between them s pos-
sible by tuning interactions between con-
stituent particles by changing, for exam-
ple, temperature or pressure. Ice becomes
water if temperature is increased. Gases
can be liquefied when pressurised.
Electrons in solid materials are also said
to exist in different phases, depending on
the way they are arranged and the way
they interact with each other. Magnetic

at absolute zero temperature. This state is
called ‘quantum spin liquid’, or QSL.

This uncertainty in spin direction can
be expected in materials in which elec-
trons are arranged in a triangular forma-
tion and their interactions are anti-ferro-
magnetic, that is, neighbouring electrons
are aligned in anti-parallel direction. In
such formation, spins on all the three cor-
ners cannot be anti-parallel to each other.
This leads to a situation called ‘geometri-
cal magnetic frustration’ that prevents the
spins on the three corners from choosing
any particular fixed orientation. The result-
ing state of perpetual fluctuationis the QSL
state. Ferromagnetic interactions, in which
all spins are aligned parallel toeach other,
do not frustrate because spins at all the cor-
ners can point in the same direction. For




