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It is worth noting that an essential feature of
the type of theory which has been described in
this note is the prediction of incomplete multi-
plets of scalar and vector bosons.® It is to be
expected that this feature will appear also in
theories in which the symmetry-breaking scalar
fields are not elementary dynamic variables but
bilinear combinations of Fermi fields.?

8Tentative proposals that incomplete SU(3) octets of
scalar particles exist have been made by a number of
people. Such a réle, as an isolated Y =1, I= state,
was proposed for the xk meson (725 MeV) by Y. Nambu
and J. J. Sakurai, Phys. Rev. Letters 11, 42 (1963).
More recently the possibility that the ¢ meson (385
MeV) may be the Y =1 =0 member of an incomplete
octet has been considered by L. M. Brown, Phys. Rev.
Letters 13, 42 (1964).

%In the theory of superconductivity the scalar fields
are associated with fermion pairs; the doubly charged
excitation responsible for the quantization of mag-
netic flux is then the surviving member of a U(1) doub-
let.
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A MODEL OF LEPTONS*

Steven Weinberg¥
Laboratory for Nuclear Science and Physics Department,
Massachusetts Institute of Technology, Cambridge, Massachusetts
(Received 17 October 1967)

This note will describe a model in which the
symmetry between the electromagnetic and
weak interactions is spontaneously broken,

but in which the Goldstone bosons are avoided
by introducing the photon and the intermediate-
boson fields as gauge fields.® The model may
be renormalizable.

The effect of all this is just to replace ¢ ev-
erywhere by its vacuum expectation value

@) =x(y) (6)
|—| |g gsﬁifl The first four terms in £ remain intact, while

the rest of the Lagrangian becomes
_LAZ A 1\2 A 2\2
pegla 2+ @ )

-3 )\2(gAu3 +g’B“ )2-)\Geé'e. (7)
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2N

Mp; > 125 GeV

4dmv > 125 GeV



] -4

Mass m = (548.57990946 + 0.00000022) x 10~° u
Mass m = 0.510998928 =+ 0.000000011 MeV

[¢] I(4P) = 03

Charge = 32; e Top = +1

Mass (direct measurements) m = 173.21 + 0.51 &+ 0.71 GeV [a.b

1R - - . rAa

Parameter best-fit (£10) 3o

Am3, [107° eV ?] 7.541029 6.99 — 8.18
|Am?| [1073 eV ?] 2.43 +0.06 (2.38 £+ 0.06) 2.23 — 2.61 (2.19 — 2.56)

LD IS - - - - - oA - -



MENTEEC S Tcb EDTBHICED 7

SPONTANEOUS SYMMETRY BREAKING
IN PARTICLE PHYSICS: A CASE OF CROSS
FERTILIZATION

Nobel Lecture, December 8, 2008
by
YoircHIiRO NAMBU”

Department of Physics, Enrico Fermi Institute, University of Chicago,
5720 Ellis Avenue, Chicago, USA.

Finally I will end this lecture with a comment on the mass hierarchy prob-
lem. Hierarchical structure is an outstanding feature of the universe. The
masses of known fundamental fermions also make a hierarchy stretching 11
orders of magnitude. Mass is not quantized in a simple regular manner like
charge and spin. Mass is a dynamical quantity since it receives contributions
from interactions. But we do not see yet a pattern like those in the hydrogen
atom, which led to quantum mechanics, or the Regge trajectories, which led
to the dual string picture.



The BCS mechanism seems relevant to the problem, as was remarked
earlier. It generates a mass gap for fermions, plus the Goldstone and Higgs
modes as low-lying bosons. The bosons may act in turn as an agent for further
SSB, leading to the possibility of hierarchical SSB or “tumbling” [20]. In fact
we already have examples of it [21]:

1. The chain atoms - crystal — phonon - superconductivity. The NG mode
for crystal formation is the phonon, which induces the Cooper pairing of
electrons to cause superconductivity

2. The chain QCD - chiral SSB of quarks and baryons - 7, ¢ and other me-
sons — nuclei formation and nucleon pairing — nuclear collective modes.
No further elaboration would be required

BRBIFEE, WPWPESTRATLITE.
FDIAFTZITREIEALZDEDT, EORXT—)LIC
HBEDTLELD?
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SPIN-0 ANALYSIS
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Neutrinoful Universe

[ T.Higaki, RK, R.5ato "14]
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u-QUARK MASS

The u-, d-, and s-quark masses are estimates of so-called “current-quark
masses,” in a mass- independent subtraction scheme such as MS. The
ratios m,/m 4 and m./m are extracted from pion and kaon masses
using chnral symmetry. The estimates of d and u_masses are not without
controversy and remain ‘rtuv'mvu'aln thevllteue

thre are even sug etions that the u quark cuId be eentlall i massless

The s-quark mass is estimated from SU(3) splittings in hadron masses.

We have normalized the MS masses at a renormalization scale of pu = 2
GeV. Results quoted in the literature at © = 1 GeV have been rescaled by
dividing by 1.35. The values of “Our Evaluation” were determined in part

via Figures1 and 2.

VALUE (MeV) DOCUMENT ID TECN COMMENT
2.3 107 OUR EVALUATION  See the ideogram below.

2.36+0.24 1 CARRASCO 14 LATT MS scheme
2.15+0.03+0.10 2 DURR 11  LATT MS scheme

2.2440.10+0.34 fBLUM 10 LATT MS scheme
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CKM, MNS, Strong CP

0.97 0.23 0.004¢0-47
VokM ¥  0.96 0.04

* * 1
0.8 0.6 0.15e%
VMNS & x 0.5 0.7
* * 0.7

My MgM MMMy = My MgMg mcmbmt\e
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