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BHK 1946
KBz K 1950

IAS (Princeton) 1952

‘BELYHMANZELRZS
HXK”

Univ. Chicago 1954

Professor 1958

Professor Emeritus 1991
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LA-fm5-8JI
V-particles
Pauli,Dyson,Lee,Yang
KT :Bohm Pines theory

Goldberger,Miyazawa
Kubo,Koshiba,Sakurai
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« Kamerlingh Onnes EXEHTER 1911
« Meissner 182 1933
 Ginzburg-Landau %1385 1950

Free energy density
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 Bardeen, Cooper, Schrieffer ¥ 1957
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TAJAREY (p,n) (n*,n0,x)

Feynman and Gell-mann V - A theory 1958
Conserved Vector Current: V

Partially Conserved Axial Current: A
Goldberger Treiman relation

AL MMEEK
SU(2), X SU(2)&

L=V-A R=V+A



In the chiral limit, the axial current is conserved

<NJA,IN>= N(y,y59, + q,vsh)N’

N N’

Massless pion contribution restores current conservation

l

Goldberger-Treiman relation: g,my = g.nnf
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History repeats itself

1960 Midwest Conference in Theoretical Physics, Purdue University

A _‘SUPERCONDUCTOR’ MODEL OF ELEMENTARY PARTICLES
AND ITS CONSEQUENCES by Y. Nambu (University of Chicago)'

(In absence of the author the paper was presented by G. Jona-Lasinio.)

1

In recent years it has become fashionable to apply field-theoretical techniques
to the many-body problems one encounters in solid state physics and nuclear
physics. This is not surprising because in a quantized field theory there is
always the possibility of pair creation (real or virtual), which is essentially a
many-body problem. We are familiar with a number of close analogies be-
tween ideas and problems in elementary particle theory and the correspond-
ing ones in solid state physics. For example, the Fermi sea of electrons in a
metal is analogous to the Dirac sea of electrons in the vacuum, and we speak
about electrons and holes in both cases. Some people must have thought
of the meson field as something like the shielded Coulomb field. Of course,
in elementary particles we have more symmetries and invariance properties
than in the other, and blind analogies are often dangerous.



Nambu Jona-Lasinio Model

4 fermi interaction with chiral invariance

<Y Yp> = <>

2m2/gA? | .}

0.2¢

the coupling must be strong enough
Massless “pion™ also appears
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Nambu's comment
Y. Nambu, preliminary Notes for the Nobel Lecture

In hindsight | regret that | should have explored in
more detail the general mechanism of mass generation for
the gauge field. But | thought the plasma and the
Meissner effect had already established it. | also should
have paid more attention to the Ginzburg-Landau theory
which was a forerunner of the present Higgs description.
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* Quark model: Gell-Mann, Zweig 1964
o Parastatistics: Greenberg 1964
e Color EF#MZEA: Han Nambu 1965

quarkD#fETfElRE. quarkfEME B /EA D E
*D |£:§ﬁ¢/k

 Asymptotic freedom: Gross, Wilczek,
Politzer 1973

M

As we shall see, Nambu’s field theory had all the relevant details of the correct
theory . but it was perhaps too early and the focus was on other problems at the time.
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Hierarchical spontaneous symmetry breaking
Y. Nambu, Masses as a problem and as a clue, May 2004

The BCS mechanism is most relevant to the mass
problem because introduces an energy (mass) gap for
fermions, and the Goldstone and Higgs modes as
low-lying bosonic states. An interesting feature of the
SSB is the possibility of hierarchical SSB or “tumbling”.
Namely an SSB can be a cause for another SSB at lower
energy scale.

... [examples are]
1. the chain crystal-phonon—superconductivity. ... Its

NG mode is the phonon which then induces the Cooper
pairing of electrons to cause superconductivity.

2. the chain QCD—chiral SSB of quarks and
hadrons—m and o mesons—nuclei formation and nucleon
pairing—nuclear m and o modes—nuclear collective modes.



s EFRNF WK
DA—DDEALASH (BREWID ANE

Z %t FRE

)

TR iE S REILER

—//'—)l/}‘%ﬁ'?ﬁl:é:é

» EREBIEER: Non Fermi liquid

o HEXIFRO]AFFREY -
Seiberg, Witten, Maldacena

* | have found a formulation of the so-
called BEC-BCS crossover

phenomenon, and | am looking into its
general implications in physics.
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