T.i@%@ﬁi«t < 7"_'()\0)/1%75\73
_*EAI-_H . t t :E) ——

L i = —

BEREES
2010%3H2H




[5F - PIEF 7+—7

107°m 10°9m 10 15m <109m

http://nobelprize.org/nobel_prizes/physics/laureates/2008/info.pdf &Y







(E'%ﬁii—ulfl’]) jjd)#_ﬁ

E,H

&
&
el l
3P
S5
._H
o
=
R,



BT - BT

10”°m  107°m 107°m 10735m

http://nobelprize.org/nobel_prizes/physics/laureates/2008/info.pdf &Y




EFOE
pre

Size <109 m

p BT

Size = 1074m

Size ~ 10710m

BF - PHEFOEEN10cmlZETREEFOI+—2I1F
O. O 1TmmUTTRFIFT10kmIZHEYFET,

http://wwwcpepweb.org/images/chart_details/Structure.jpg



YE DR

WEOBRESR |
___

FE%8 =i E{g
(7 L GeV/c? (7 I/—/{—)

Vadasd

u7rzv7 0.003 2/3

i i
«Be =T |ooo00511| -1 d 5o ggoe | <1
%r

2

11_*

R’ |

J KERTF (BT - $HD) OHEXS 1

o GeV/c?

3

f

<







7 @ﬁ_ﬁ (FtFDHFE)

- m—) — R S BARY) W,2Z

pae N —> D+ €+ U
hiEF [&F %? REF=a—rY/
D4 —H - LT LY (RN—4 —§5)

I R -

91— DH )
b+ <;;?t




B ~ "“BEEDES"x <H>







~ Composite Higgs Particle
- Dynamical Orlgm of Mass -

K.Yamawaki

(Nagoya)
@ Feb. 25, 2010 /

Organised by: Institute of Advanced Studies, NTU
Co-organised by: Santa Fe Institute

o Conference in Honour: qf\rb
W Murray Gell-Mann's 80t/i B ﬁa’ay
t ) Quantum Mechanics, ‘.El"v ementary Q’arttc['es
» Quantum Cosmo[og)’ and Complexity

| { .
9 W \ - - 24 26Q!Feﬁruary 2010 /
N ’ { \.Wan_)‘ang Executwe Centre ‘y/
N\ N '.'. I’ ’ g

A\ o\ h o N,

http://www. ntu edu sg/ias/upcomingevents/gm80conference/pages/default.aspx




Volume 8, number 3 PHYSICS

LETTERS 1 February 1964

A SCHEMATIC MODEL OF BARYONS AND MESONS

*

M. GELL-MANN
California Institute of Technology, Pasadena, California

Received 4 January 1964

If we assume that the strong interactions of bary-
ons and mesons are correctly described in terms of
the broken "eightfold way' =2/, we are tempted to
look for some fundamental explanation of the situa-
tion. A highly promised approach is the purely dy-
namical "bootstrap'' model for all the strongly in-
teracting particles within which one may try to de-
rive isotopic spin and strangeness conservation and
broken eightfold symmetry from self-consistency
alone 4), of course, with only strong interactions,
the orientation of the asymmetry in the unitary
space cannot be specified; one hopes that in some
way the selection of specific components of the F-
spin by electromagnetism and the weak interactions
determines the choice of isotopic spin and hyper-
charge directions.

Even if we consider the scattering amplitudes of
strongly interacting particles on the mass shell only
and treat the matrix elements of the weak, electro-
magnetic, and gravitational interactions by means
of dispersion theory, there are still meaningful and
important questions regarding the algebraic proper-
ties of these interactions that have so far been dis-
cussed only by abstracting the properties from a
formal field theory model based on fundamental
entities 3) from which the baryons and mesons are
built up.

If these entities were octets, we might expect the
underlying symmetry group to be SU(8) instead of
SU(3); it is therefore tempting to try to use unitary
triplets as fundamental objects. A unitary triplet t
consists of an isotopic singlet s of electric charge =z
(in units of ¢} and an isotopic doublet (u, d) with
charges z+1 and z respectively. The anti-triplet t
has, of course, the opposite signs of the charges.
Complete symmetry among the members of the

ber nt - ng would be zero for all known baryons and
mesons. The most interesting example of such a
model is one in which the triplet has spin 3 and

z = -1, so that the four particles d-, s~, u® and b°
exhibit a parallel with the leptons.

A simpler and more elegant scheme can be
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following
properties: spin 3, z = -7, and baryon number 3.
We then refer to the members u‘;‘, d-3, and s-3 of
the triplet as "quarks" 6) q and the members of the
anti-triplet as anti-quarks §. Baryons can now be
constructed from quarks by using the combinations
(@qq), (qgqgqq), etc., while mesons are made out
of (qd), (qqq4q), etc. It is assuming that the lowest
baryon configuration (qqq) gives just the represen-
tations 1, 8, and 10 that have been observed, while
the lowest meson configuration (q q) similarly gives

just 1 and 8.

A formal mathematical model based on field
theory can be built up for the quarks exactly as for
p, n, A in the old Sakata model, for example 3)
with all strong interactions ascribed to a neutral
vector meson field interacting symmetrically with
the three particles. Within such a framework, the
electromagnetic current (in units of e) is just

i{%uYau'%ayad”%gyas}

or %3, + %y //3 in the notation of ref. 3). For the
weak current, we can take over from the Sakata
model the form suggested by Gell-Mann and Lévy /),
namely i py (1 +v5)(n cos 6 + A sin 6), which gives
in the quark scheme the expression wck

iuy,(l+ys)(dcos 6 +s sin )
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Dynamical Model of Elementary Particles Based on an Analogy
with Superconductivity. I*

Y. NauBU AND G. JoNA-LasiNiof
The Enrico Fermi Institute for Nuclear Studies and the Department of Physics, The University of Chicago, Chicago, Illinois
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1

It is suggested that the nucleon mass arises largely as a self-energy of some primary fermion field through

the Sam 2L o 4L £ AN a La nd 3 | n be put
2 It is suggested that the nucleon mass arises largely as a self-energy of some primary fermion field through d 1
mnto a ) . . o . rds rea.

nucleon the same mechanism as the appearance of energy gap in the theory of superconductivity. The idea can be put raction

" into a mathematical formulation utilizing a generalized Hartree-Fock approximation which regards real .
which all nucleons as quasi-particle excitations. We consider a simplified model of nonlinear four-fermion interaction atically
pseudo which allows a ys-gauge group. An interesting consequence of the symmetry is that there arise automatically |ed pion,
Tn additi pseudoscalar zero-mass bound states of nucleon-antinucleon pair which may be regarded as an idealized pion. |ination.
The In addition, massive bound states of nucleon number zero and two are predicted in a simple approximation. and the
. The theory contains two parameters which can be explicitly related to observed nucleon mass and the
plon-nuq pion-nucleon coupling constant. Some paradoxical aspects of the theory in connection with the 5 trans- [5 trans-
formatio formation are discussed in detail.

2 J. Bardeen, L. N. Cooper, and J. R. Schrieffer, Phys. Rev. 106,
162 (1957).
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It is suggested that the nucleon mass arises largely as a self-energy of some primary fermion field through
the same mechanism as the appearance of energy gap in the theory of superconductivity. The idea can be put
into a mathematical formulation utilizing a generalized Hartree-Fock approximation which regards real
nucleons as quasi-particle excitations. We consider a simplified model of nonlinear four-fermion interaction
which allows a ys-gauge group. An interesting consequence of the symmetry is that there arise automatically
pseudoscalar zero-mass bound states of nucleon-antinucleon pair which may be regarded as an idealized pion.
In addition, massive bound states of nucleon number zero and two are predict a simple approximation.

The theory contains two parameters whi n be explicitly relate observed nucleon mass and the
pion-nucleon coupling constant. Some paradoxica eory in connection with the v; trans-
formation are discussed in detail.

N O ("Higgs”)
m ~ NN
Fermi-Yang Model (1948)

Sakata Model (1956)
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It is suggested that the nucleon mass arises largely as a self-energy of some primary fermion field through
the same mechanism as the appearance of energy gap in the theory of superconductivity. The idea can be put
into a mathematical formulation utilizing a generalized Hartree-Fock approximation which regards real
nucleons as quasi-particle excitations. We consider a simplified model of nonlinear four-fermion interaction
which allows a ys-gauge group. An interesting consequence of the symmetry is that there arise automatically
pseudoscalar zero-mass bound states of nucleon-antinucleon pair which may be regarded as an idealized pion.
In addition, massive bound states of nucleon number zero and two are predict a simple approximation.

The t.heory contains two parameters whi n be explicitly relate observed nucleon mass and the
pion-nucleon coupling constant. Some paradoxica eory in connection with the v; trans-
formation are discussed in detail.

N O ("Higgs”)
m ~ NN
Fermi-Yang Model (1948)

Sakata Model (1956)
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Standard Model
Lego Version
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(QCD effects)
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Refinements:

* Top seesaw
* Technicolor-assisted Topcolor (TC?)

* Top condensate in SM with extra
dimensions

M > My
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Two-loop running coupling in the large Ny QCD
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The Problem of P*=0 Mode in the Null-Plane Field
Theory and Dirac’s Method of Quantization

Toshihide MASKAWA and Koichi YAMAWAKI*

Department of Physics, Kyoto University, Kyoto 606"
*Research Institute for Fundamental Physics, Kyoto University, Kyoto 606

(Received January 7, 1976)

The null-plane quantization is studied with the emphasis on the P*=0 mode, by using
Dirac’s quantization for constrained systems. This mode is eliminated from the Hilbert
space and the physical vacuum can be defined in a kinematical way. It enables us to con-
struct the physical Fock space kinematically. Poincaré invariance is also studied in. detail.

§ 1. Introduction
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