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I met Wilfried in Autumn in 1981

That is the time Roberto had started to construct a new particle-physics
theory group at Max-Planck Institute in Munich
Both of us were chosen as Post Docs and joined Roberto’s group at MPI

That was the first time for me to go outside of Japan
and hence I knew nothing about life in Europa
Wilfried spent his precious time for helping me and my family
I did not know, for example, how to buy a used car 
Wilfried took me several places where selling used cars were located
and he taught me a way how to find a better car and how to buy it

We (even Roberto) were very young and very much interested in many 
new ideas proposed in that time

Our collaboration started !



~ 1980

1977;  Peccei-Quinn Mechanism

1979;  Supersymmetry (cancellation of quadratic divergence)
Maiani (1979); Veltman (1981)

1979;  Seesaw Mechanism for Neutrino Mass

1981;  Inflation Universe
Guth (1981)
Linde(1982) ; Albrecht and Steinhardt (1982)

Peccei and Quinn (1977)

Minkowski (1977)
Yanagida (1979); Gell-Mann, Ramond and Slansky (1979)

1980;  Naturalness
‘t Hooft (1980)

1978; Baryogenesis
Yoshimura (1978)
Ignatiev, Krasnikov, Kuzmin, Tavkhelidze (1978)



Composite Model for Quarks and Leptons

Why are they so light ?

They are Quai Nambu-Goldstone Fermions !!!

Buchmuller, Love, Peccei and Yanagida (1982)

Suppose some global symmetry G at a preon level and it is broken down
to some subgroup H

Then, we have massless Nambu-Goldstone bosons, G/H, which are 
composite bound states of preons

In SUSY theory, the NG bosons are always accompanied with fermion
partners, which we called Quasi-NG Fermions

They are nothing but massless fermion bound states, which we identified 
with Quarks and Leptons
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We discuss a mechanism by which, in theories 

with an explicitly broken supersymmetry, we 

can obtain calculable fermion

masses, provided certain softly broken R 

symmetries are incorporated. The 

corresponding fermion representations are 

determined

by the pattern of internal symmetry breakdown. 

This mechanism is explicitly studied in a 

simple U(I) model. Prospects

and limitations of this idea for constructing 

realistic fermion spectra are discussed.

I will show in this talk 
why this old taste idea has become very interesting now



The most important discovery in particle physics in the
last 30 years is the standard-model like Higgs boson 
which was observed at the CMS and ATLAS experiments

Its mass is about 125 GeV !!!



The Higgs boson mass is a free parameter in the Standard Model

The Higgs boson in the  Standard Model

Are there any theories which predict 
the Higgs boson mass ?

YES !!!!



125 GeV Higgs boson mass is 
what we predicted about 24 years ago !!!

Supersymmetry (SUSY)

The coupling is given by

Then,  we predict

SUSY

Is the SUSY Standard Model excluded ?

No!



One –loop corrections at the quantum level 
are non negligible 

Okada, Yamaguchi, Yanagida (1991) 
J. Ellis et al  (1991)
H. Haber et al  (1991)

The quantum corrections are given by one-loop top quark
and scalar top quark diagrams

mass of scalar top quark



Higgs mass 125 GeV

Okada, Yamaguchi, Yanagida (1991)

Our prediction of Higgs mass :



There were various motivations to consider the large 
SUSY breaking scale,

I. Gravitino over-production problem
II. Polonyi (Moduli) problem
III. Flavor-changing neutral current problem
IV. CP-violation problem

Solutions to each problems suggest  the 
large SUSY breaking

gravitino mass



I. Gravitino over-production problem

The gravitinos are produced by particle scattering 
in  thermal bath in the early universe. They decay
after the BBN and destroy the light elements produced
by the BBN.  We have constraints on T_R and m_3/2
not to disturb the BBN (big bang nucleosynthesis).

Kawasaki, Moroi, Yotsuyanagi (2008)

Thermal Leptogenesis

The thermal leptogenesis predicts !!!

S. Weinberg (1982)
J. Ellis et al (1982)

Buchmuller, Plumacher (1997)



Encouraged by the LHC discovery of the Higgs boson mass 
about 125 GeV, we proposed a New Theoretical Scheme 
of the SUSY breaking mediation

Ibe, Yanagida (2011) 
N. Arkani-Hamed (2011)

Pure Gravity Mediation



Pure Gravity Mediation

Gravity

SUSY Breaking Sector

Standard Model Sector

Ibe, Moroi, Yanagida (2007)



Minimal Gravity Mediation:

The minimal gravity mediation of SUSY breaking assumes 
a Polonyi field S to generate masses for gauginos and Higgsino

The S has a SUSY-breaking F term;

We considered, for long time, that the Polonyi field S 
is needed for constructing a realistic world

MSSM

SUSY breaking sector
S +Gravity

Giudice, Masiero (1988)



I. The gaugino masses can be generated by quantum 
corrections without the Polonyi field in supergravity

H. Murayama et al (1998)
Randall, Sundrum (1999)

II. The Higgsino mass can be generated by the supergravity
effects without the Polonyi field at the classical level

Inoue, Kawasaki, Yamaguchi, Yanagida (1992)

Anomaly mediation:

Two important theoretical facts were observed in the 90th



The discovery of the 125 GeV Higgs Boson

The anomaly mediation
for gaugino mass

The Higgsino mass
generation in SUGRA

Pure Gravity Mediation



Higgsino loops give additional non negligible contributions 
to the wino and bino masses if 

for

H. Murayama et al (1998)
T. Gherghetta et al (1999)
M. Ibe et al (2007)



The Higgs mass about 125 GeV can be explained for small 



m_higgs =125 GeV  m_3/2 = 100-1000 TeV

Wino is the LSP and the mass M_wino =O(1) TeV

The thermal relic Wino DM requires M_wino = 2.8 TeV !!

Thermal leptogenesis
Buchmuller, Plumacher (1997)



Summary

Standard Model Pure Gravity Mediation

125 GeV Higgs Boson

Polonyi Problem

Gravitino Problem

FCNC /CP Problem

Dark Matter

GUT Unification

Fine Tuning Problem



Pure Gravity Mediation is a very simple and consistent model !!

m(squraks; sleptons; higgsino) =O(100-1000) TeV

m(wino) =O(1) TeV ;  m(gluino)=3-30 TeV

BUT

A PROBLEM !!!



The Muon g-2

a(muon) = (1/2)(g-2) _exp =11659 2080 (63) x10^{-11}

a(muon)_theor = 11659 1785 (61) x10^{-11}

We find a 3.4 sigma discrepancy

Miller, Rafael, Roberts (2007)

Bennett et al (2004)





theory



Dominant uncertainty comes from hadron light by light contributions



The leading terms are given by the pion reducible diagrams

We need  comparable contributions from 1 GeV scale physics
But they are suppressed as (m(pion)/1 GeV)^2 =O(0.01) !!! 



Talk by Hamaguchi

smuon mass < 1 TeV !

Pure Gravity Mediation predicts the smuon mass =O(100) TeV !!!



In general,  m_h=125 GeV -------> stop mass >10 TeV

The muon g-2 anomaly -------> smuon mass <1 TeV

Why smuon mass << stop mass ?

The quasi NG fermion hypothesis gives us a solution !!!



Quark Lepton Mass Hierarchy

m_u , m_c << m_t ;  m_d, m_s <<m_b ;  m_e, m_mu << m_tau

Y_u, Y_c << Y_t ;  Y_d, Y_s << Y_b ;  Y_e, Y_mu << Y_tau

Yukawa coupling hierarchy

If Q_i and L_i are NG chiral multiplets, their Yukawa couplings =0 !
We can explain the small Yukawa couplings for 1st and 2nd generations

The quarks and leptons in the first and second generations 
may be the quasi NG fermions !!!

Buchmuller, Love, Peccei, Yanagida (1982)

What is G/H ?





E_6/SO(10)xU(1) ; One 16

E_7/SO(10)xU(1)xU(1); Two 16’s + 10

The first two generations + one Higgs

We introduce quarks and leptons in the third generation as matter multiplets
and SUSY breaking soft masses for squarks and sleptons in the third generation
is naturally unsuppressed  of O(m_3/2)

But, squarks and sleptons in the first and second generations are pseudo 
NG bosons and hence their soft masses are very suppressed; m_0 << m_3/2

We naturally predict the required mass hierarchy,
smuon mass << stop mass !!!

We took m_3 = 10 TeV, m_0= (0-500) GeV, M_1/2=free at the GUT scale
and calculated ¥delta a_mu for the muon (g-2)

Ibe, Yanagida, Yokozaki (2013)





Ibe, Yanagida, Yokozaki (2013)

The squarks and gluino will be discovered soon at LHC !!!



Why  E_7 ?

N=8 Supergravity



N=8 Supergravity

Gravity multiplet;    one graviton (2),  8 gravitinos (3/2), 28 vector bosons (1)
56 Majorana spinors (1/2), 70 real scalar boson (0)

70 scalar boson = Nambu-Goldston bosons on E_{7,7}/SU(8)

Cremmer, Julia (1978)
De Wit, Nicolai (1981)

The maximal subgroup of E_7  is  SU(8) :

E_7 generators (133) =  T^i_j (63) + E_{I,j,k,l} (70)

SU(8) generators  (i,j=1-8)

E_7/SU(8) has 70 NG bosons !!

This hidden E_{7,7} may be the origin of our effective E_7 ?



When N=8  N=1 SUSY , G/H must be a Kahler manifold
But, E_7/SU(8) is NOT a Kahler manifold 

We need rethinking

N=8 supergravity has a local SO(8) symmetry
and a hidden local SU(8) symmetry

Let us assume some of the symmetries survive the breaking of
the N=8 supergravity down to N=1 supergravity

Take SU(2) x SU(8)

A subgroup of SO(8)

Nicolai (1982)



Consider eight SU(2)-doublet preons Q^i_a, ; i=1-8 and  a=1,2

Here we have  SU(2) x SU(8)

Consider the strong coupling limit of the SU(2) gauge theory 
which has an infrared fixed point

On the fixed point we have an enhanced global symmetry
that is E_7 !!!

Dimofte, Gaiotto (2012)

Preon Model

Seiberg (1996)



Conclusion

Higgs boson mass = 125 GeV Scalar top mass > 10 TeV

The muon g-2 anomaly Scalar muon mass < 1 TeV

The suppression of FCNC Scalar mass degeneracy in 1st and 2nd

generations

Scalar masses in 1st and 2nd generations << scalar masses in 3d generation 

The scalar quarks and leptons in the 1st and 2nd generations
may be pseud Nambu-Goldstone bosons

Buchmuller, Love, Peccei, Yanagida in Munich (1982)



m(squarks) , m(gluino) = 1.5-3 TeV !!!

will be discovered at LHC soon

E_7/SO(10)xU(1)xU(1) has two 16 + 10 as NG multiplets

One of U(1)’s has QCD anomaly and must be broken
spontaneously in supergravity: 
It can be identified with Peccei-Quinn symmetry

The E_7 can be realized as an enhanced symmetry on an infrared
fixed point of a strongly interacting SU(2) gauge theory !!!

Dimofte, Gaiotto (2012)

Our world may be very close to Super-Conformal Theory !!!


