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Classical revolution is still in full sway.

Return of Halley’s comet.

Publishers in Paris decide to bring out the 1st French
Translation of Newton’s Principia, which they have
held in proof form for ten years.
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Resolution of the controversy (and the missing
factor of a half) required a further 60-80 years.




108 years after Planck, many
surprises later, the quantum era is in full sway.



108 years after Planck, many
surprises later, the quantum era is in full sway.

“With a heavy heart, | have been
converted to the idea that
Fermi -Dirac, not Einstein-Bose
IS the correct statistics. | wish to
write a short note on its
application to paramagnetism.”

W. Pauli, in letter to
Schrédinger, Dec 1926.



108 years after Planck, many
surprises later, the quantum era is in full sway.

David Pines in

musicofthequantum.rutgers.edu
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Quantum zero point fluctuations:




Quantum zero point fluctuations:
major unsolved problem of the quantum era.




Quantum zero point fluctuations:
major unsolved problem of the quantum era.

® /3% of the mass of the
cosmos is “Dark Energy”: an
unidentified form of zero point
energy, causing the expansion
to accelerate.



Quantum zero point fluctuations:
major unsolved problem of the quantum era.

®/cro point fluctuations
profoundly transform

matter, endowing it with marked
tendency to develop new forms of
order.
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Classical
Criticality

Michael Fisher
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“New insights into physics often come from revisiting areas
once thought to be closed.” Michael Fisher.
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quantum fluctuations diverges?
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Quantum
Phase-Transition

Phase transition
driven by zero point motion.
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Quantum
Phase-Transition

Phase transition

driven by zero point motion.

H, 9] # 0

Quantum Critical matter

Custers et al (2002)

T{K)

What happens when the time
and length scale of zero point
quantum fluctuations diverges?
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Landau: interactions can be turned on
adiabatically, preserving the excitation
spectrum. Landau, JETP 3, 920 (1957)
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Landau’s Question.

20. Mascow, 1956. Freeman Dyson (front, left), talking with . Pomeranchuk and Lev Landau.
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20. Moscow, 1956. Freeman Dyson (front, left), talking with I. Pomeranchuk and Lev Landau.
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0 Xe

What happens when the
interaction becomes too
large?

X~U/t

Landau 1936
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“Electrons order”

Mott 1947 Anderson 1961
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“Electrons localize” “Local moments
form”



Hertz, 1976
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“Kondo”

Kondo KHR-2 HV, the robot that
plays soccer, fights with other
bots and dances salsa
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Physica vol. 3, page 440, 1938)
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Kondo effect qdigression
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“Kondo Temperature”
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{from W.J. de Haas and G.J. van den Berg,
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Kondo effect qdigression
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Kondo (1962) ; i
e
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“Kondo Temperature”

Resistance/Resistance(T=0 Celsius) x 10000

(from W.J. de Haas and G.J. van den Berg,
Physica vol. 3, page 440, 1938)
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T >> Tk

Spins asymptotically free

Spins absorbed into singlet ground-state

T << Tk

@

“Nozieres Local Fermi liquid”

(Nozieres 76)
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KOndO effeCt (a digression)
T >> Tk
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Kondo (1962) ‘:)‘
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Spins asymptotically free

Spins absorbed into singlet ground-state

T << Tk
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Heavy Electron Quantum Criticality.



Experiments
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Oelna

Pressure (GPa)

Mathur et al, Nature 394, 39 (1998)

“Avoided Criticality”

N. Curro, PRL 99, 146402 (2007)
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Quantum Criticality:
divergent specific
heat capacity
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PC, Pepin, Si and Ramazashvili, J.
Cond Matt. ,13}, R723 (2001).

Mechanism
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P. Gegenwart, T. Westerkamp et al., Science 315, 5814 (2007)
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Black Hole in the Phase Diagram.
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Revolutions take a long time:
we are just at the beginning
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Qu-transitions: phase
transition driven by zero
point fluctuations.

Temperature : boundary
(Casimir) effect in time.

Landau Quasiparticle “breaks up” at certain QT.
Need for a radically new type of theory: ideas of
confinement, gauge theories and large N.

New rule in material physics: avoided criticality.
New phases develop in order to avoid the
singular quantum critical point.



