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Classification of States of Matter

B Two Answers:

» (1) The materials have 3 (or 4 states): solid, liquid and gases and possibly plasma. But
the solid exists 1n two forms: crystalline (metal, quartz, etc), amorphous (glasses).

quartz glass liquid gas

» (2) The materials have 2 states: condensed matter (liquid and solid), and the diluted
matter: gases and plasmas. ?



Why Solid State Physics: The history of materials

Story of humanity: solid state materials

] The Stone Age, 3E6-2000 BC
J The Bronze Age, 2000-300 BC

J The Iron Age, 500 BC—AD 300

v" The age of electronics
(silicon)

v Next: spintronics?...



Evolution of Solid State Physics: the past and future

Solid State Physics (SSP) v" Solid-state physics studies how the
1940s large-scale properties of solid materials
result from their atomic-scale properties.

$

Condensed Matter Physics (CMP) v" The most familiar conden. phases
1980s are solids and liquids

v" Quantum physics + Statistical mechanics

Quantum Matter and Materials
2010s

v' Exotic quantum effects:
e superconducting phase atlow T

« FM and AFM phases
 Bose-Einstein Condensate
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Quantum Matter Theory

In the quantum world, systems of many particles can organize themselves into highly entangled
states, whose properties transcend those of the individual constituents. Especially fascinating is
the emergence of topological order, an unconventional way of quantum organization that
contradicts the traditional paradigms of condensed matter physics. Topological states of matter
obey emergent global rules, which are dramatically different from the fundamental laws
governing the microscopic individuals. For instance, a system of bosonic or fermionic particles
forming a topological state can generate excitations that are neither bosons nor fermions, but anyons with novel
braiding statistics. Our understanding of how topological order emerges from the microscopic degrees of freedom is far
from complete. Especially intriguing is the formation of non-Abelian topological phases, where quasiparticles with non-
Abelian braiding statistics arise. Beyond their fundamental importance, non-Abelian anyons hold the promise to
revolutionize quantum technology, for their topological properties could be used to encode and process information in a
manner resistant to errors. In the Quantum Matter Theory group we work towards the theoretical comprehension of
many-body quantum entanglement. We are especially interested in deepening our understanding of topological phases
and anyons. To this aim we explore novel physical mechanisms leading to the emergence of topological order from the
microscopic quantum individuals.




. [search| az [contact]
A UNIVERSITY OF Department of Physics
¥ CAMBRIDGE Cavendish Laboratory

Cavendish Laboratory > Research > Quantum Matter

Quantum Matter Links

Cuicesenm Meticr fome The Shoenberg Laboratory for Quantum Matter

Research Areas

Group Members The Shoenberg Laboratory for Quantum Matter was formed in 2004, combining the Low Temperature Physics group (LTP)
Group Publications and the Interdisciplinary Research Centre in Superconductivity (IRC).

Seminars

The Quantum Matter Group at the Cavendish Laboratory, University of Cambridge, studies matter under extreme
conditions, i.e., at very low temperatures, high magnetic fields and high pressure using advanced experimental techniques.
_ The goal of this research is to understand new forms of magnetism and superconductivity and to find electrically conducting
Teaching materials with new physical properties not described within the standard models of solid state physics. Some of the recent
discoveries of the group are finding applications in the fields of refrigeration and detector technology.

Prospective Students
News

The group is a beneficiary of funding from a wide array of national and international funding bodies. These include EPSRC,
the Royal Society, the COST ECOM P16 network, ICAM, KAIST as well as several Cambridge colleges.

Exotic States of Matter

on the Edge of Electronic Structure of Novel High-T. Quantum
Magnetism Correlated Materials Superconductors  Superconductors  Ferroelectrics
* LGe, ue .

Pressure (kbar)




Solid State/Condensed Matter Physics
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More is Different.
-- P.W. Anderson
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Solid state physics or materials physics?

] Solid State Physics: the theoretical framework for understanding materials,
focus on microstructures and properties. This 1s the work of «Scientisty.

] Materials Physics: focus on the discription and performance of materials
for applications. Usually associated with the industrial applications of solids,
like metals and semiconductors, etc. This 1s the work of «Engineery.

» This course is a solid physics course for Scientists.

12



Theory of Everything

[ What is solid state/condensed matter physics?

v" Solid-state physics is the study of rigid matter, or solids, through
methods such as quantum mechanics, crystallography, electromagnetism,
and metallurgy. It 1s the largest branch of condensed matter physics.

v" Theory of Everything: quantum many-body problem!
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The model of solid state physics

Two founding principles: simplify and decompose into
independent sets.

) simplified model: a perfect crystal.

) separate the crystal into two sets

v" Lattice ions

v" Outer electrons moving in a electric potential due to lattice

10ns
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Adiabatic approximation (Born-Oppenheimer)

electrons

Electron's speed is 10 cm/s
Ion's speed is 10° cm/s ions

The solid 1s a periodic array of 10ons 1n a "gas" of electrons.



The objective of the solid state physics

» Explain how atoms group are
organized to form solid.

» How to explain the diversity of their
physical properties (mechanical,
electromagnetic, thermal, etc.) with a
unified model .

www.sciencewithme.com

Why metals conduct electricity Fermi Surface
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Syllabus

Chapter O: Introduction [2 hours]

Chapter 1. Crystal Structures [6 hours]

Chapter 2: X-Ray Diffraction [4 hours]

Chapter 3: Crystal Binding [6 hours]

Chapter 4 Defects in Crystals [2 hours]

Chapter 5 Harmonic Crystal [14 hours]

Chapter 6 Metals [12 hours]

Chapter 7 Band Theory I [12 hours]

Chapter 8 Band Theory II [4 hours]

Chapter 9 Magnetism and Superconductivity [2 hours]
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