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Overview

Yesterday evening (17:00-18:3019:10)

There are 18 poster presentations.

We have a lively discussions.

The 10 of the poster presentations are  
students and the best poster award for 
students are selected. The result will be 
presented by the selection committee  just 
after this summary.



Covered Topics

Theoretical studies on the Higgs sectors
Machida, Orikasa, Yu

Features of extra dimension and SUSY models
Fujimoto,Hatanaka, Kakuda, Lee, Taniguchi

Neutrino motivated physics
Eijima, Ishida,Kikuchi, Morita, Sharma,Takaesu,Yokoya

DM, Baryogenesis, and Inflation
Kashiwase, Matsui, Takano

Many subjects are covered

Some talks are inter-subjects



Higgs sector
Models with extended Higgs sector  are interesting

Various motivations:
SUSY, DM, 

Baryogenesis, Neutrino,
…

e.g. 2HDM is a well-studied 
benchmark scenario

Discrete symmetry is 
often introduced to such  
extended Higgs sector

FCNC, DM, radiative 
seesaw, 

enhancement of 
EWPT,…



Higgs sector

The origin of the Z2 symmetry (gauged U(1)):

“A Resolution of the Flavor problem of Two Higgs 
Doublet Models wit h an Extra U(1)H Symmetry 
for Higgs Flavor” by  Chaehyun Yu (KIAS)

Vacuum stability of SUSY extended Higgs 
sector with Z2 (4HD+X models):

“Vacuum Stability of supersymmetric extended 
Higgs sector with a discrete symmetry” by Naoki 
Machida (Univ. of Toyama)

Theoretical studies on Higgs sector with Z2



Higgs sector
Study on Electroweak symmetry breaking:

“Classically conformal B-L extended Standard 
Model and phenomenology” by  Yuta Orikasa 
(Osaka Univ) B-L symmetry is broken by CW mechanism

EW symmetry is broken by B-L Higgs vev

right-handed neutrino 
      Three generations of right-handed 
neutrinos are necessarily introduced to make 
the model free from all the gauge and 
gravitational anomalies. 
singlet scalar 
        The SM singlet scalar works to break 
the U(1)B-L gauge symmetry by its VEV. 

SM background�

Z’ exchange�

A clear peak of Z’ 
resonance�
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Classically conformal B-L extended Standard Model and phenomenology 

Classically conformal B-L extended model 

Lagrangian 

Prediction of our model 

Yuta Orikasa (Osaka U.) 

Model prediction 

! The B-L symmetry is broken by the CW mechanism. 

the symmetry breaking occurs under the 
balance between the tree-level quartic 
coupling and the terms generated by 
quantum correction 

stability condition for the effective potential 

Z’ boson mass is bounded by flat potential 

Collaboration with  
Satoshi Iso(KEK,SOKENDAI) 
Nobuchika Okada (University of Alabama) 
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1 loop effective  potential�

! The Electroweak symmetry is broken by VEV of B-L Higgs. 

Symmetry Breakings 

Coleman-Weinberg mechanism in SM 

Veff =

Assuming the ILC 
is accessible to 
1% deviation, the 
TeV scale Z’ 
boson can be 
discovered at ILC.�

 We calculate the 
dilepton production 
cross section 
through the Z’ boson 
exchange together 
with the SM 
processes mediated 
by Z boson and 
photon.�

LEP experiments provided a 
severe constraint.�

Yukawa sector�

Potential�

1 loop effective potential in our model�     Once the B-L symmetry is broken, the SM Higgs doublet mass is generated 
through the mixing term between H and Φ in the scalar potential. 

    Effective tree-level mass squared is induced, 
and if λ’ is negative, EW symmetry  breaking  
occurs as usual in the SM.�

There is no electroweak symmetry breaking 
at the classical level. 
    We need to consider origin of the 
symmetry breaking. 

Coleman-Weinberg Mechanism�
(radiative symmetry breaking)�

    In the classically conformal SM, due to the large top mass 
the effective potential is rendered unstable, and CW 
mechanism does not work. 

 at planck scale�

Assumption(Flat Potential)�

     is very small 
and negative�

We can consider the standard model sector and the B-L sector 
separately, because the scalar mixing term is very small. 

See-Saw mechanism associates with B-L 
symmetry breaking.�

Gauge symmetry 

Excluded 
by LEP�

LHC 
reach�

ILC 
reach�

Flat potential�

The mass terms are forbidden 
by classical conformal 
invariance.�

Particle contents 

New particles�

We consider classically 
conformal Standard Model.�
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Extra dimension, SUSY
Extra dim and SUSY are interesting frameworks 

They can be a solution of Hierarchy problem

Gauge Higgs unification, SUSY can provide a 
natural explanation of light Higgs

Extra dimension is also interesting as a origin 
of flavor structure in matter sector

Alternative ideas to the flavor symmetries



Bound on the KK mass in UED models:

“Phenomenology of Universal Extra Dimensions 
at the LHC and Electroweak precision test” by  
Takuya Kakuda (Niigata Univ.)

EWPT in Gauge Higgs Unification model:

“Thermal Phase Transition in the gauge-Higgs 
unification with 126GeV Higgs” by  Hisaki 
Hatanaka (Osaka Univ.)

Extra dimension, SUSY

The weak (φc/Tc<1)1st order EWPT 
is realized

Thermal(Phase(Transi-on(in(the(Gauge3Higgs(Unifica-on(
with(126(GeV(Higgs((work(in(progress)(

Introduc-on�

Numerical(Study�

Discussion�
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and is turned out to be the zero temperature effective potential in d-dimension with KK-

mode masses, as it should be. Here we have used the Eucledian version of the dimensional

regularization formula inversely. When the Kaluza-Klein modes Mn > 0 are given as

simple zeros of a function F (x):

F (Mn) = 0, (6)

then the zero-temperature effective potential can be written as [? ] [6] [7] [8]

V (T = 0) = (−1)2η
d

2(4π)d/2Γ(1 + d
2)

∑

n

∫ ∞

0

dx td−1 Re ln[F (it)]. (7)

For the non-zero temperature correction which is given by the m "= 0 part of V (T ), we

obtain [14]

∆V (T "= 0;Mn, η) ≡ V (T )m #=0

= − (−1)2η

2(d−2)/2(
√
π)dβd

∞∑

m=1

∑

n

(−1)2mη

md
Bd/2 (mβ|Mn|) (8)

where Bq(x) ≡ xqKq(x), Bq(0) = 2q−1Γ(q) with Kq(x) being a modified Bessel function

of the second kind.

III. SO(5)× U(1) GAUGE-HIGGS UNIFICATION WITH mH = 126GeV

The explicit forms of the zero-templerature effective potentials are seen in Refs. [16]

[17]

Finite temperature corrections are given by

∆Veff = − T 4

2π2

{
G[{m(W )

n }, 0] +G[{m(Z)
n }, 0] +G[{m(H)

n }, 0]

+G[{m(t)
n }, 12 ] +G[{m(F )

n }, 12 ]
}
, (9)

G[{Mn}, η] = (−1)2η
∞∑

m=1

∑

n

(−1)2mη

md
B2(mMn/T ) (10)

where the mass spectra

3

Finite(temperature(correc-ons:(
M(W),(M(Z),M(H),M(t)(are(KK(tower(for(W,(Z,(Higgs(and(top�

�

0.02 0.04 0.06 0.08 0.10 0.12 0.14
qHêp

-0.005

0.005

0.010

0.015

Veffê@HkêzLL4êH16p2LD
zL=107, nF=3

T=0

T=Tc

Result(:Almost(2nd(order((or(very(weak(1st(order)((phase(transi-on�

To solve these problems we introduce nF fermion multiplets, ΨF , in the spinor rep-

resentation of SO(5) in the model specified in Ref. [22]. The metric of the RS is

given by ds2 = e−2σ(y)ηµνdxµdxν + dy2 where σ(y) = k|y| for |y| ≤ L and σ(y +

2L) = σ(y). The warp factor is zL = ekL " 1. ΨF satisfies the boundary condi-

tions ΨF (x,−y) = γ5PΨF (x, y) and ΨF (x, L − y) = −γ5PΨF (x, L + y) where P =

diag (1, 1,−1,−1) acts on SO(5) spinor indices. Then the mass spectrum mn = kλn

of the KK tower of ΨF is determined by SL(1;λn, cF )SR(1;λn, cF ) + cos2 1
2θH = 0. Here

SL,R(z;λ, c) = ∓1
2πλ

√
zzLFc±(1/2),c±(1/2)(λz,λzL), where the upper (bottom) sign refers to

L (R). Fα,β(u, v) = Jα(u)Yβ(v) − Yα(u)Jβ(v) where Jα, Yα are Bessel functions. It has

been shown that all 4D anomalies in the model of Ref. [22] cancel. This property is not

spoiled by the addition of ΨF multiplets, as 4D fermions of ΨF are vectorlike.

The effective potential Veff(θH) is cast in a simple form of an integral. The relevant

part of Veff(θH) is given by

Veff(θH ; ξ, ct, cF , nF , k, zL) = 2(3− ξ2)I[QW ] + (3− ξ2)I[QZ ] + 3ξ2I[QS]

−12
{

I[Qtop] + I[Qbottom]
}

− 8nF I[QF ] ,

I[Q(q; θH)] =
(kz−1

L )4

(4π)2

∫ ∞

0

dq q3 ln{1 +Q(q; θH)} ,

QW = cos2 θWQZ = 1
2QS = 1

2Q0[q;
1
2 ] sin

2 θH ,

Qtop =
Qbottom

rt
=

Q0[q; ct]

2(1 + rt)
sin2 θH , QF = Q0[q; cF ] cos

2 1
2θH ,

Q0[q; c] =
zL

q2F̂
c−

1
2 ,c−

1
2
(qz−1

L , q)F̂
c+

1
2 ,c+

1
2
(qz−1

L , q)
. (1)

Here F̂α,β(u, v) = Iα(u)Kβ(v) − e−i(α−β)πKα(u)Iβ(v), where Iα, Kα are modified Bessel

functions. ξ is a gauge parameter in the generalized Rξ gauge introduced in Ref. [22].

The formula for Veff in the ξ = 1 gauge without the I[QF ] term has been given in Refs.

[21] and [23]. ct and cF are the bulk mass parameters for the top-bottom multiplets and

ΨF , respectively. rt ∼ (mb/mt)2 where mb and mt are the masses of the bottom and

top quark. Veff(−θH) = Veff(θH). Further in the absence of I[QF ], Veff has symmetry

Veff(
1
2π + θH) = Veff(

1
2π − θH), representing the H parity invariance. The I[QF ] term

breaks this symmetry. The contributions from light quarks and leptons are negligible.

In the pure gauge theory without fermions Veff is minimized at θH = 0, π where the

EW symmetry remains unbroken. The top quark contribution has minima at θH = ±1
2π,

3
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∑

KK mode
n

∑

Matsubara mode
m

∫
ln[[2πT (m+ η)]2 + #p2 +M2

n] = [Effective potential (T = 0)]

+ [finite correction (m̃ != 0)]
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SUSY Grand Gauge Higgs Unification model:

“Higgs phenomenology of the supersymmetric 
grand gauge unified theory with the Hosotani 
mechanism” by Hiroyuki Taniguchi (Univ. of 
Toyama)

CP and flavour mixing in 5D model on the circle:

“CP phase from Higgs's boundary condition” by  
Yukihiro Fujimoto (Kobe Univ.)

Extra dimension, SUSY

TeV scale adjoint multiplets 
contributions can be tested



A SUSY breaking mediation mechanism:

“Is there something missing in the MSSM?” by 
Jae Yong Lee(Korea Univ.)

Extra dimension, SUSY



Neutrino mass

Neutrino mass is another window to the physics 
beyond the Standard Model

Why so different from the quark sector?

Parameters at low energy scale are not fixed yet: 
CP phases(Dirac and Majorana), mass hierarchy (NH? 
IH?), absolute scale of the mass, Dirac or Majorana?

Smallness of the neutrino mass is from heavy 
mass suppression? or loop suppression? or …?

Many interesting models are discussed

sin2θ13 ~0.1 is observed



Reactor experiments and mass hierarchy:

“Determination of mass hierarchy with medium 
baseline reactor neutrino experiments” by  
Yoshitaro Takaesu (KIAS)

Mass matrix with discrete symmetry (IH/QD):

“Partial Mass Degenerated Model and 
Spontaneous CP Violation in the Leptonic Sector” 
by  Hiroyuki Ishida (Maskawa institute for science 

Neutrino mass

We can know the MH with 20GW, 5kton, 
50km BL, good energy resolution,5years data



A Neutrino mass model based on U(1) sym.

“Neutrino Mass and Proton Stability in a U(1)R 
symmetric model” by  Yusuke Morita (Niigata 
Univ.)

Collider pheno. of radiative seesaw models

“Direct probe of Majorana and extended Higgs 
particles in radiative seesaw models at the ILC” 
by Hiroshi Yokoya (Univ. of Toyama)

Neutrino mass

Another possibility:
NR DM

Kubo,Ma,Suematsu (06)

•

• only couple to leptons

! Type-X Yukawa int.

•

Direct Probe of Majorana and Extended Higgs Particles in Radiative Seesaw Models at the ILC

Hiroshi Yokoya (University of Toyama) in collaboration with Mayumi Aoki (Kanazawa University & MPI Heidelberg)

and Shinya Kanemura (University of Toyama)

• After the discovery of Higgs(-like)-boson at the LHC in July 2012, “Higgs Mechanism” is 

going to be established as the origin of masses of elementary particles except neutrinos.

• Then, we would ask “what is the origin of tiny masses of neutrinos?”

• Theoretically, it has been proposed that the “Seesaw Mechanism” could explain it by

introducing right-handed neutrinos and Majorana masses. 

Seesaw Mechanism and Radiative Seesaw Models: 

• Dimension 5 effective operator                                gives neutrino mass matrix 

Collider Phenomenology of Radiative Seesaw Models (Ma & AKS): 

Ma model (THDM(Inert) + NR)

AKS model (THDM(Type-X) + singlet scalars + NR)

• Radiative seesaw models: cij~(1/16π
2)n with Λ~TeV.

 Derive small coefficients by quantum (loop) effects.

 Varieties of models have been proposed: Zee,Zee-Babu,Ma,Ma-Suematsu,Krauss-Nasri-Trodden,Aoki-Kanemura-Seto,,,

 Here, we focus on the Ma & AKS models: Models with extended Higgs sector, right-handed neutrinos, 

and which introduce a discrete symmetry (Z2) to forbid tree-level Dirac mass of neutrinos, and study the ILC search and mass determination.  

!!!! DM candidate in the model

Original seesaw model: cij~O(1) and Λ~MR~1014GeV.

Introduction

!!!! accessible at collider!

• Neutrino masses:

• Particle contents:

Lightest scalar is a candidate of DM (we assume it is ξr)

Additional doublet scalar Φ2 does not get VEV " “Inert”

Exact Z2 symmetry forbid Dirac mass for neutrinos. 

(Z2-odd)

Direct search, Relic density Honorez etal(07),
Gustafsson etal(12)

LEP II limits: Lundstrom etal(09)

LHC search:  

ILC search & Mass measurements:  

Multi-lepton + missing ET signatures Cao etal(07), Dolle etal(10), 
Mia etal(10), Gustafsson etal(12)

Signal for large ∆M case may be seen.

Aoki,Kanemura(10),
Aoki,Kanemura,HY in progress

[dilepton (dijet) + missing energy]

[semi-leptonic or all-hadronic modes]

h~O(10-2–10-5); small couplings with RHN.

At the ILC, clear signatures can 
be observed even for small ∆M
case, and the masses are 
precisely determined! 

• NR is very difficult because of too small couplings.
dNeeds some hints from LFV, 0νββ.

Benchmark points:

• Particle contents: (Z2-odd)

• avoid FCNC

• b→sγ constraint

• reproduce neutrino data

• LEP precision data

THDM

Ma (06)

Aoki,Kanemura,Seto(09), Aoki,Kanemura,Yagyu(11)

Decays: (off-shell) gauge-boson plus DM 

• Inert scalars

• Neutrino masses:

Singlet Scalars

hierarchal couplings to RHN 

• Z2-odd neutral particle η=DM

• a room for Electroweak Baryogenesis (1st order PT and CP phase)

• constraints from LFV

• Collider signatures of Type-X THDM = multi-τ events:
Aoki,Kanemura,Tsumura,Yagyu(09), Kanemura,Tsumura,HY(12)

• At the LHC, excess can be easily seen.

• Mass may be measured by the Mτjτj distribution.

• At the ILC, 4τ events can be fully reconstructed

by using the collinear approximation. 

" peaks in reconstructed Mττ distribution

• Search for extra scalars at the ILC:

t-ch. RHN exchange effects (large he~1 coupling)

can be disentangled by using energy dependence, 

angular distributions. 

Kanemura,Tsumura,HY(12)

Figures are preliminary, Aoki,Kanemura,HY in progress

• e- e- → Φ- Φ- process is sub-diagrams of the neutrino 

mass diagrams, thus it could be a direct probe the 

Majorana nature.

• It is an efficient and important option to the ILC.

Electron-electron collider option: • Radiative seesaw models are one of the possibility to realize the seesaw mechanism at the TeV scale,

which consist of extended Higgs sector and right-handed neutrinos (source of Majorana nature).  

• We studied detailed collider phenomenology for these models; LHC has chance to see some signals;

ILC (with e-e- option) is the best machinery to probe these models.

• We discussed kinematical methods for mass determination at the ILC. 

Minkowski, Yanagida, Gell-Mann,,,

G.Kane

Conclusion

Benchmark point 

Aoki,Kanemura(10),
Aoki,Kanemura,HY in progress

ILC (with e-e- option) is the best 
machinery to probe these models.



Study of LHC signals of triplet Higgs

“Same-sign Tetra Leptons from type II seesaw at 
the LHC” by  Pankaj Sharma (KIAS)

Detectable deviation at ILC due to triplet Higgs:

“Radiative corrections to the Higgs coupling 
constants in the Higgs triplet model” by  Mariko 
Kikuchi (Univ. of Toyama)

Neutrino mass



Cosmological Problems
Extension of the SM is strongly required by 

cosmological problems such as DM, Baryogenesis, 
Inflation, …

Sometimes solutions are provided in neutrino mass 
generation models

Type I seesawRadiative seesaw 
in inert model

Dark matter candidate
Leptogenesis

Baryon number asymmetry and dark matter in the 
neutrino mass model with an inert doublet 

Shoichi Kashiwase and Daijiro Suematsu 
Institute for Theoretical Physics, Kanazawa University 

 

Phys. Rev. D86,053001 

Problems we can’t understand with SM 

• Neutrino mass? 
• Dark matter? 
• Baryon number asymmetry? 

 The radiative neutrino mass model with an inert doublet scalar can explain these problems 
if dark matter is identified with the lightest neutral component of the inert doublet. 

 Recently, the new data of the neutrino oscillation such as a non-zero value of 𝜃ଵଷ have 

been established by the reactor experiments.   
 

1.Introduction 

2.The radiative neutrino mass model with an inert doublet scalar  

D.V. Forero, et el., Phys. Rev. D86 (2012)073012. 

3.Baryon number asymmetry  

Using the parameters which satisfy with these new data, we reexamine whether the baryon number asymmetry can be realized in this model. 

Lepton flavor structure 

Dark matter 

Neutrino masses 

𝑍ଶ invariant interaction and potential 

SM particles + a scalar doublet 𝐻ଶ + three right-handed neutrinos 𝑁௜ 

𝑍ଶ symmetry 
odd parity even parity 

Inert doublet 

Since the scalar doublet 𝐻ଶ has no vacuum 
expectation value, 𝑍ଶ symmetry is guaranteed. 

 

The Dirac mass term at tree level is forbidden. 

The neutrino mass matrix 

The small neutrino masses can be 
realized by loop contribution. 

Even if masses of the right-handed neutrinos are O (1) 
TeV, small neutrino masses are realized. 

New physics is expected in lepton sector at TeV regions. 

We assume the neutral component 𝐻଴ of 
the inert doublet is the lightest of 𝑍ଶ odd 
particles. 

𝐻଴ decay is forbidden under 𝑍ଶ symmetry. 

𝐻଴ can be the dark matter candidate. 

Lepton flavor violating processes (LFV) 

DM abundance depends on not only neutrino 
yukawa couplings but also scalar couplings. 

We don’t need to consider this constraint 
for small neutrino yukawa couplings. 

Baryon number asymmetry 

The required relic abundance is realized for 

To fix the flavor structure, we assume that  

4.Resonant leptogenesis Summary 
We reexamined the baryon number asymmetry in 
the radiative neutrino mass model with an inert 
doublet which can explain the DM relic abundance 
and the small neutrino masses. 

Lepton number asymmetry is too small !!  

 The nearly degenerated right-handed neutrino 
masses can realize the observed baryon 
asymmetry. This degeneracy is milder than the 
ordinary resonant leptogenesis. 

 We need examine the inverted hierarchy case. 

To suppress the washout processes, we make neutrino 
Yukawa couplings smaller.  

But  

• Too small neutrino masses 
 
 

• Too small CP asymmetry 

In case of 𝑞ଵ,ଶ,ଷ = 1, the neutrino mass matrix 

can be diagonalized by PMNS matrix 

tri-bi maximal mixing 

This takes non-zero value from the recent experimental 
results for 𝜃ଵଷ. We look for the values of 𝑞ଵ, 𝑞ଶ, 𝑞ଷ so as 
to satisfy all the neutrino oscillation data. 
 

(We only consider the case of normal hierarchy here.) 

The results 

The washout effects are too large to realize our universe. 

 
To obtain enough baryon number, the washout processes should be suppressed. 

Baryon number asymmetry can be realized through TeV scale leptogenesis. 

Generated lepton 
number is too small. 

Washout effects 
are too large. 

The constraint of DM direct search experiments 

Input parameters 

If we make 𝜆ହ larger, we can recover neutrino masses. 

The contribution from the interference term between tree and self-
energy diagram 

If we make the right-handed neutrino masses almost 
degenerate, the CP parameter becomes lager value. 

We can obtain the required 
baryon asymmetry in the case of 

This is rather mild degeneracy 
compared with the ordinary case. 



Exp. consequences on model with MN<mK

“Probing origins of neutrino masses and baryon 
asymmetry in kaon decays” by  Shintaro Eijima 
(Niigata Univ.)

Collider pheno. of Higgs inflation scenario

“Testability of Higgs inflation in a radiative 
seesaw model” by Toshinori Matsui (Univ. of 
Toyama)

In order to realize the Higgs inflation, DM 
abundance, and neutrino masses, parameter 
space is strongly restricted.

Prediction 
power is strong
ILC can test it!

Cosmological Problems



DM, leptogenesis, and neutrino mass:

“Baryon number asymmetry and dark matter in 
the neutrino mass model with an inert doublet” 
by  Shoichi Kashiwase (Kanazawa Univ.)

In the case with multiple DM candidates:

“Multi-Component Dark Matter Systems and 
Their Observation Prospects”, Hroshi Takano 
(Kanazawa Univ.)

Radiative seesaw scenario in inert doublet model

Cosmological Problems

e.g. Z2 x Z2 case, SUSY Ma model
Multiplicity can significantly affect 
the relic abundance in some cases



Summary

We hope that there is some kind of New 
Physics within our reach, ~O(TeV)

Problems in the SM such as hierarchy 
problem, neutrino masses, DM candidate, 
Baryogenesis, … are very strong hint for 
going to more fundamental picture.

In particle physics, there is no subject which 
is decoupled from the Higgs physics



Summary

Thank you very much 
for the nice poster presentations 

and
 quite lively discussion in the session!!



Best Poster Award

The selection committee members:
H.E. Haber(chair), A. Djouadi, M. Krawczyk, Y. Hosotani


