Quantum phase
transitions in metals

® Some quantum phase transitions are very
similar to classical ones
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Actually the same field theory describes classical

and quantum transitions in the Ising model



But some are not

® Especially: quantum phase transitions in
metals

“heavy fermion”

P (GPa)
e Often superconducting state “covers” QCP

* Critical exponents non-classical
* Anomalous metallic behavior
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Why does metal make
a difference!

® These phase transitions are nominally similar to those
in insulators

(S(r)) = Pe'QT + c.c.
® Might expect a Landau theory in @ to apply

® But...usual assumption is that the only contributions
to the critical behavior come from the ordering
fluctuations, as only these persist to long distances (up to

&)

® |n a metal, there are other long-distance fluctuations
and correlations which are due to low energy
quasiparticles



Connection of quantum
and classical stat. mech.

® |n classical stat. mech., the partition
function is a sum/integral over degrees of
freedom in d dimensions
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Connection of quantum
and classical stat. mech.

® |n quantum stat. mech., the partition
function is a trace

Z ="1r [e_BH]
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® There is nothing local about the matrix
elements of exp[-BH]
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Connection of quantum
and classical stat. mech.

® Trotter formula
= Ir :B_BH]
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Connection of quantum
and classical stat. mech.

® Trotter formula
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— /[d(I)(r7 T)]e_s[q)(r’T)] “Euclidean action”

® So one expects there to be a relation between the
d dimensional quantum problem and a classical-like
problem in d space and one “time-like” direction



Degrees of freedom

® But...in a metal we do not just have spins

® really the trace must include the states of
the electrons
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® Trace includes S, and ¢y



Degrees of freedom

® But...in a metal we do not just have spins

® really the trace must include the states of
the electrons
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® Trace includes Sr and ck - so does the action



Path integral

® Formally
Z = /[dCI)] [dcdcT]e_S[q)’c’cT]

® Ve can try to reduce this to a d+/-

dimensional “classical” problem by
integrating out c, ¢!

® How feasible is this?



