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**The mass of the SM particles is provided
by our ,,God Particle* Higgs.

**But who is responsible for the mass of
the Higgs?

It is the mass term (u) in the
Higgs potential.

Without @ the SM would be

scale invariant
at the classical level.




We propose a scenario of
scale genesis creating from nothing:




We propose a scenario of
scale genesis creating from nothing:

Dark Matter




If we start with a theory containing a mass
from the beginning, we have no chance to
explain its origin.

¥

Scale Invariant Extension of the SM

We assume:
Low-energy physics is responsible
for the origin of low energy scales.




The Cake of the Universe

Mwimpe = few 100 GeV

26.8% Dark
Matter
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?222? from D X SB in QCD

from DSSB in a hidden sector

98% + 2%  ( Higgs)

26.8%+4.9%=31.7T% from D x SB+DSSB
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U(Ny) flavor symmetry




At some low energy the SU(Nc) gauge interaction
becomes so strong that the SU(Nc) invariant
scalar bilinear forms dynamically

a U(Nf) invariant condensate:

N,
((S1S))) = (% SSTS6) oc 6y

which is nothing but the u term.
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But this is a non-perturbative effect.




How to deal with this
non-perturbative effect ?

Lattice gauge theory

Sigma models

Nambu-Jona-Lasinio (NJL)




NJL Our approach

1. Integrating out the gauge fields.

2. Global symmetries
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Condensate

3. Mean fields and excitati()}s \

4. Effective potential from

integrating out integrating out 4.5 around S
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In the case of scale symmetry breaking:

* Higgs mass
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Origin of the Higgs mass




Dark Matter phenomenology

Since SU(NfY) is unbroken,
is stable and can be a DM candidate.

1/2 0 ,a

Independent parameters : Ag , Ng , Ags, Ag , Ag = 63/4,LLH

Input : v, = 246 GeV , mj;, = 126 GeV , Qpuh? = 0.120 £ 0.005




*Dark Matter annihilation into the SM particles

Relic abundance % and direct detection




Direct detection Ny =2,N.=6

QDMh2 = QPLANCKhQ with 20
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Phase Transitions (PT) and
Gravitational Waves (GW)

Two order parameters:

() (f)

WPl Scale PT

EW Baryogenesis Gravitational wave BG
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Conclusion

EW scale genesis
through scalar bi-linear condensation
in a strongly interacting hidden sector
may be tested

at DECIGO in > 10 years.
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U(Nf) flavor symmetry and

classical scale invariance




1 Introduce the auxiliary fields.

S18; = 6, f + 6,20 + Z}*t%¢° with (o) = (¢") =0

2 Integrate out the fluctuation of S to get:

V;eff(fagaH)
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The vacuum
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Origin of the Higgs mass
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<f>12/T and <h>/T
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Strong 1st-order
EW and Scale PT

Ny =X1, N. =6, Ag+ Ny = 2.083
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0 = %Z—laifa@-f Vialf,T)

= vZ ' 0ix0ix + Ver (v, T)

(Z=0 at the tree level.)

Serious problems

1. Sp(T) of a non-abelian GT
0 27
S3(T") /T of the effective theory

2. A strongly 1st order PT for f (ie.(f)/?/Tg ~ 1) is no
longer strongly 1st order for x if v is large.

Our assumptions:

1. ‘/eff is OK.

2. The kinetic term for x is canonically normalized

if v~ O(1).




The latent heat with JYEENEEEPW [ W -,
just below TS.

The lattice QCD value:

e(T) /T* = 0.75 £ 0.17




DECIGO : pre-conceptual design

Differential Fabry-Perot interferometer

(& Earth

correlation

Arm-cavity
1000 km

Light source
Photo detector

[d»)

angular resolution

Orbit : record disk around the sun
Constellation :

4 interferometer units
2 overlap units . cross correlation for stochastic background
2 separated units : increase angular resolution
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