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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. )

I 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 between ideas and
problems in elementary particle theory and the corresponding 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

f— B~
e g g & properties than in the other, and blind analogies are often dangerous.
= T HF OB oA MR B M HE i
£ o— K E L Y W 3 ) At any rate, we should expect a clos'e interacfmn of the. two branches of
£ % 3 LT 1 b % ok physics in terms of concepts and mathematical techniques, which make up the content
o MmO T R o ook 2 o— of quantum field theory. In this talk we are going to show another possibility of such an
BB HF K K- E O B ) | interaction, but this time in the opposite direction to what has been the general trend.
h T B h = I A e =) Namely, the model of elementary particles we are going to talk about is motivated by
[ . § 5 %2 BH K Y& m | the mathematical theory of superconductivity which was first worked out with great
B % o L v b B T B/ %] | success by Bardeen, Cooper and Schrieffer. 1 The characteristic feature of the theory
N om F OBl ML PR OFE R [5] ’ is that the ground state of a superconductor is found to be separated by a gap from the
B 5 b ¥ v B OH LK o0 K ,FEI excited states, which, of course, has been confirmed experimentally., The gap is caused
b B B A oo B D }ﬁ by the fact that the attractive phonon interaction between electrons produce correlated
b & E b v F & B OB F L | pairs of electrons with opposite momenta near the Fermi surface, and it takes a finite
oA b T &k B & P & amount of energy to break the correlation.

BT ® W A L W% o EB The BCS theory was given an elegant mathematical basis by Bogoliubov2, who
L b 2 WO T BT W introduced a coherent mixture of electrons and holes to discuss the elementary excita-
T e h R X | kA F ﬁ tions (quasi-particles) in a superconductor. It is easy to see that such a particle has a
¥ ° 5 % £ K L% om # finite "rest energy, " which correspolidu to the finite energy gap. Let us assume the
o D ;i\ \Z«; - 4 % ? ﬁi % 0) following equations for electrons near the top of the Fermi surface:

(2] T ) P
T -3 2 k% B +
PoAL pzantzl & &Y = S%r #%e 1960 BIZEETIL

RS D o <& o
TN EEREHE AN Yo Wt
s 23 §iiiss Hi Sl

T /A T

T ®m@E TFHUREomM +
BB 2 z.5h f? {jx < + Y+ is the wave function for an electron of momentum p and spin 4= (up), and "k-p.
% ?fj & g _'IC: % . =l sl e A wAla Af mamantum n and snin+. which means the absence of an electron of
Z ﬁf éé » 5 gi' % a5 @ " ﬁfj | r measured from the Fermi
% toa Hon oh o A x
2 L & P O S # ‘
s B\ [ S
A %J” @
% '/%: 2‘. %’ @ % ;;: P i = such a quasi-electron from the
T 3 ® B o T oA BT &l btained as a self-consistent,
— [l el 2 kL b ¥ T = n interaction. One finds that
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