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The Classically conformal B-L
extended Ma model solves 2 hierarchy
problems

(D Neutrino mass scale and EW scale
—=Ma model

(@ EW(TeV) scale and Planck scale
=(Classically conformal symmetry



Neutrino mass and Ma
model



Neutrino hierarchy

Quark sector

m, = 2.3 x 1073 GeV, m, = 1.3 GeV, m; = 173 GeV
mg = 4.8 x 1072 GeV, my, = 9.5 x 1072 GeV, my = 4.2 GeV

Lepton sector
me = 5.1 x 107 GeV, m, = 0.11 GeV, m, = 1.8 GeV
my, ~ 1071 GeV

Neutrino masses are very light



Ma model

E. Ma, Phys.Rev.D73, 077301 (2006)
Ma model is minimal radiative see-saw
model with DM
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Three requirements
* Mgjorana mass
e M, IS NON-zero

e 1 Isinert doublet



Majorana mass

If Majorana mass is forbidden,
this diagram can’t draw



b, is non—zero
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If Ag, is zero, neutrino masses are zero



N is inert doublet

If n has non-zero VEV, neutrino mass is
generated by tree level



Three requirements

Majorana mass
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Naturalness problem and
Classically conformal
symmetry



Naturalness problem

Hierarchy problem
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We need about 30 digits fine-tuning



Classically conformal
theory

Classically conformal theory
with no intermediate scale
can be an alternative solution
to the naturalness problem



Three requirements
« NO mass term
« No Infermediate scale

« CW type EWSB



Quadratic divergence

W.A. Bardeen, FERMILAB-CONF-95-391-T

Hierarchy problem
3A? A
m?(p) = mg + Sr2g2 (mQZ + 2m3y, +m? — 4m%) +0 (ln ;)

subtracted at UV scale
Once subtracted, no longer appears

Classically conformal invariance

Natural boundary condition is no mass terms at Planck

scale
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2 2
m°(A) = mi + ——
(A) 0+87r2?)2

(mQZ + 2m3y, + m? —4mf) =0



No intermediate scale
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If large new scale exists,
Higgs mass has large correction.



Coleman-Weinberg mechanism

Classically conformal potential

V(H) = (HU{)Q =

B>

1-loop effective potential generates nonzero VEV

V_eff

w- X+ g XK \ ]

WR T

Coleman-Weinberg mechanism
(radiative symmetry breaking)
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Three requirements
« NO mass term
« No Infermediate scale

« CW type EWSB



Classically conformal B-L
extended Ma model



Classically conformal Ma model

Classicall
Ma model Y
conformal model
* Majorana mass « NO mass tferm
e ./ IS NON-zero « No infermediate
on

. scale
e n Isinert doublet

« CW type EWSB



Classically conformal Ma model

Classicall
Ma model Y
conformal model
« Majorana mass * NO mass ferm
.,
. s non-zero SOt T N6 intermediate
on

. scale
e n Isinert doublet

« CW type EWSB



Classically conformal B-L extended
Ma model

Majorana mass term is forbidden by Classically
conformal invariance

‘ B-L gauged extension

Majorana mass is generated
by B-L symmetry breaking
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The classically conformal
B-L extended Ma model

Gauge symmetry
SU3). x SU(2)L xU(1)y x U(1)
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DM candidate Inert doublet



Lagrangian

Yukawa interaction

_ . 1
—Ly = (Ye)aLra®era + (Yy)aLlrah Nra + 53/.-\"PNRNR + h.c.

Potential

V = Xa|®|* + Agnl* 4+ Aolip]* + ey B2 |n|* + A, | @] + X, [(@71)* + c.c]

+ Ao (I)|2|‘P|2 + ’\n«.c|77|2|99|2,




Classically conformal Ma

model
Ma model Classically
conformal model
* Majorana mass « NO mass tferm
. )‘%n is NON-zero « No infermediate
L P

assumption

. scale
e n Isinert doublet

« CW type EWSB



Lagrangian
Yukawa interaction

_ . 1
_‘CY - (yf)aLLaq)eRa + (yn)aLLaT] ATRQ + §y;\'¢*NR*NR + h.c.

Potential non-zero

¥
V = Xa|®|* + Agnl* + Aolio]* + M| 2 |n|* + 34,|@Tn|* + Xg, [(@Tn)* + c.c.]

+X60| 21?0l + X lnl*| o,

We assume these couplings are zero at Planck
scale for simplicity



Classically conformal Ma

model
Ma model Classically
conformal model
* Majorana mass « NO mass tferm
"\ is NON-zero « No infermediate
on

. scale
e n Isinert doublet

« CW type EWSB



CW mechanism

Effective potential

Viss(9) = 22 P

D Vess S’; M) _y  Minimum condition

d*Vep1(¢ = M) . .
@ &V proamtd Stability condition



CW mechanism

Effective potential
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A 1s generated by loop effect

» A < 0

Ay 1S negative

d2V, .
® d¢2ff =~ M2 > 0




Electroweak symmetry
breaking

If B-L symmetry is broken, the SM Higgs
doublet mass is generated through the mixing
term in the scalar potential.

V ~ Aa®* + Ag, @7

¥ Ddhas VEV.
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Classically conformal Ma

model
Ma model Classically
conformal model
* Majorana mass « NO mass tferm
"\ is NON-zero « No infermediate
on

. scale
e n Isinert doublet

w_ s CWtype EWSB
numerical analysis
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Numerical result

o1z Ay ' should be positive for
stability
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Numerical result
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Numerical result
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Numerical result
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The Classically conformal B-L
extended Ma model solves 2 hierarchy
problems

(D Neutrino mass scale and EW scale
—=Ma model

(@ EW(TeV) scale and Planck scale
=(Classically conformal symmetry



Back up



Yukawa coupling
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Yukawa
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