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Electrons and holes move through cold crystalline silicon as if it
were not there.!? This astonishing fact is central to the working of

transistors, and it is why efficient ones can never be made from non-
crystalline substances such as rubber or plastic.!? Indeed, the key
technical breakthrough that ushered in the silicon age was not the in-
vention of the transistor but the invention of zone refining, a method
of systematically eliminating chemical and structural imperfections
of crystals. The ability of electrons and holes to move ballistically
through the lattice is not obvious at all, for a piece of silicon is con-
ceptually no different from a giant molecule and must therefore be
characterized by the highly entangled motions of all the electrons,
including those in the bonds. The resolution of this problem is that



be exactly and universally the case that_crystalline insulators have

specific collective motions of all the electrons that look and act as

though they were motions of isolated electrons. The only effect of all

their awful underlying complexity is to make the acceleration mass
slightly different from that of a free electron and to effectively reduce
the strength of the electric forces. The electric charge of a hole is ob-
viously opposite to that of an electron, since it represents an electron

deficit. An engineer speaking of an electron or hole is really speaking
cle. For engineering purposes this complexity does not matter any
more than it matters how computers send out shower invitations.
The important thing is that the particle-like nature of the collective
motion is exact and reliable.
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The important issue implicit in the von Klitzing discovery is not
the existence of physical law but rather what physical law is, where it

comes from, and what its implications are. From the reductionist

standpoint, physical law is the motivating impulse of the universe. It
does not come from anywhere and implies everything. From the

emergentist perspective, physical law is a rule of collective behavior,

it is a consequence of more primitive rules of behavior underneath
(although it need not have been), and it gives one predictive power
over a limited range of circumstances. Outside this range, it becomes
irrelevant, supplanted by other rules that are either its children or its
parents in a hierarchy of descent. Neither of these viewpoints can
gain ascendancy over the other by means of facts, for both are fact-
based and both are true in the traditional scientific sense of the term.
The issue is more subtle—a matter of institutional judgment. To
paraphrase George Orwell, all facts are equal, but some are more
equal than others.
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Histories of large systems are simply different from those of small ones
because they are descriptions of collective phenomena and not of
pedantic detail. The effect being emulated in the theory of supercon-
ductivity is like this. It is the tendency of the electrons to lock arms and
move as one gigantic body, just as crystallized atoms do. It is actually
no different from what happens in crystallization, except in being
more difficult to cover up by skipping to the “obvious” nonquantum
description at key moments. When the number of electrons is ex-
tremely large, it becomes difficult to distinguish the true ground state
of the superconductor from the low-lying excited states associated

with collective motion of the entire assemblage. The nonuniqueness of

Schrieffer’s description is thus a symptom of something extremely

fundamental: the emergence of conventional meaning of the fluid

body—the collective effect that transforms quantum mechanics into

Newton’s laws. It is interesting that many physicists continue to be con-

fused about this matter, thus demonstrating that youth is not a pre-
requisite for getting intellectually mugged by nature.
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Fig. 1. Dependence of the averaged pairing gap parameter
Aj,eq. (3) on (N - Z)/A for nuclei with 50 < Z < 82 and
82 < N < 126. Proton pairing denoted by full dots. neutron
pairing denoted by crosses. The error bars represent the dis-

persion defined in eq. (4).
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IFig. 2. Dependence of 53 on (N - Z)/A, where data are aver-
aged over both neutron and proton pairing energies, Full
dots are for the mass region 50 < Z < 82,82 < N < 126 and
crosses are for the sample of all nuclei with 4 > 40.

A={72 —44[(N - 2)/]A]%}/A 13 MeV

P.Vogel, B. Jonson and P.G. Hansen, Phys. Lett. 139B(1984) 227
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& Scientific Discovery through Advanced Computing
i

Building a Universal Nuclear Energy Density Functional
A Low-Energy Nuclear Physics National HPC Initiative

The mission of the project is three-fold:

First, to find an optimal functional using all our knowledge of the nucleonic Hamiltonian and basic nuclear
properties.

Second, to apply the EDF theory and its extensions to validate the functional using all the available relevant
nuclear structure data.

Third, to apply the validated theory to properties of interest that cannot be measured, in particular the
transition properties needed for reaction theory.

The activities to be supported fall into different areas of nuclear theory and computer science, but the goal
can only be achieved by working at the interfaces among these areas. They are: ab initio theory of nuclear
wave functions, Effective Field Theory (EFT) and its extensions, self-consistent mean-field description of
ground and excited states, large amplitude collective motion, low-energy reaction theory and computer
science.

Science Application: Nuclear Physics

Project Title: Building a Universal Nuclear Energy Density Functional
Principal Investigator: George F. Bertsch

Affiliation: University of Washington

Funding Partners: , and
Budget and Duration: ApprOX|mater $3 Million per year for five years
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