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The zero-temperature quantum phase transition (QPT) is driven by quantum °uctuations, in contrast to
the more familiar "nite temperature transitions driven by thermal ° uctuations. This paper demonstrates
our work on two kinds of QPTs in two di®erent materials, respectivel. The rst work focuses on the
pressure-driven antiferromagnetic QPT in pure chromium which isa model system for studying the
e®ects of quantum °uctuations on an itinerant antiferromagnet. Chromiumorders antiferromagnetically
near room temperature, but the ordering temperature can be driven b zero either by doping or applying
large pressures. The second work examines the pressure-driventaleinsulation (MI) transition in nickel
disul'de NiS,. NiS, is a Mott-Hubbard material in which the T=0 MI transition can be tuned w ith
pressure.

1 Introduction

A quantum phase transition is a phase transition between ground states.Unlike the thermal phase

transition which do not have entropy at zero temperature and therefore no phase transition can occur,
the QPT is a result of Heisenberg's uncertainty principle and thuscan happen at absolute zero temper-
ature. The continuous quantum phase transition describes a change inhe ground state of a system due
to quantum °uctuations and introduces new critical exponents, newscaling laws, and new relationships
between the spin and charge degrees of freedom[1, 2, 3]. QPTs have beenrfd in many materials,

including transition metal oxides and sul des, metal hydrides, siperconducting cuprates, and heavy-
fermion compounds. Experimentally, QPTs can be accessed by varying some physical parameter in
the Hamiltonian of the system, such as magnetic “eld, pressure or chernal composition.

In the rst part of this work, we selected Cr for studying antiferrom agnetic QPT because it is the
simplest metal close to a quantum critical point. Some previous work ofour group was done to drive
QPTs by modest substitution of vanadium in pure chromium[4]. Doping, however, can introduce dis-
orders and broken symmetries to the system, which may have nonnegible e®ect on the observation
of QPTs. To avoid this, we will drive the phase transition by only changing pressure; we will study the
system by measuring the Hall coe+cient. My group has combined diamond awil cell and synchrotron

x-ray di®raction techniques to measure directly the spin and chage order in the pure metal at the
approach to its quantum critical point, and the Hall coe+cient measurement will complement ongoing

measurements on the spin and charge order at the pressure-driven QRF, 6, 7].

In the second part of this work, we will study the pressure inducedMI transition in NiS ,. Our group
has already studied the dynamical signature of MI transition by measurirg conductivity in Ni(S,Se),
while driving the critical temperature to zero with pressure[8]. As with Cr, in this work we changed
the material to NiS, in order to avoid disorders introduced by chemical substitution. We again use the
Hall coezcient, which is directly associated with the carrier density as a probe of the transition, which
will complement another ongoing measurement on conductivity in pure N&;.



2 Instrument Development

We built a Hall E®ect measurement system compatible with an existiig cryogenic pressure cell. For
this experiment, we mounted a pair of new pole pieces (See FIG.1) tthe old electro-magnet to attain a
higher “eld, which can produce a magnetic "eld around 1.3 Tesla when aplied current is 100 ampere.

FIG. 1. Electromagnet with new pole pieces mounted.

We worked with the JFI electronics shop to adapt an existing electronagnet power supply (See FIG.2) to
a computer-controlled Hall con guration. For this purpose, a controller was attached to the power sup-
ply; a reversing box was also built so that both positive and negative mgnetic “elds could be produced;
this is necessary for high accuracy measurements of the Hall coexcieim materials with non-negligible

magnetoresistance. We also developed the control software needed forethmeasurements, so that the
computer can ramp the current applied to the magnet from -100 ampere to 100 apere continuously
while recording the Hall voltage across the sample. A USB box was construetl to enable the commu-
nication between the software and hardware.

(a) Original power supply (b) Controller (c) Reversing box
FIG. 2.  Power supply

The sketch of the whole circuit of the system is presented in FIG3. We used a calibrated Hall sensor
(See FIG.4) to measure the actual magnetic "eld. To keep the systemunning properly, we designed and
constructed a Ttered water cooling system (see FIG.5). We also deigned and machined a mechanical
mount (See FIG.6) between the magnet and the cryostat.





















