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• Particle Content Beyond the SM 

1.  Three generations of right-handed neutrinos νR 
2.  Complex scalar field  with L=2  

 

 

 

Model
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1.  Interactions with νR: 
 
 

 

•  epton number preserving form 
•  →2νR, νR→h+νL, and L converts into B 										         
• Active neutrino masses are generated 
after  and Φ take the vevs 

 

Model
Φ: Higgs doublet 
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2.  Interactions between  and Φ—Dim-4 

3.  Interactions between  and Φ—Dim-6 

 

Model

Higgs Portal Interaction L  *
global U(1)  

transformation:

C CP
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4.  Non-minimal interactions with gravity 

 

Model

Jordan frame
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0iggs Inflation

Inflation

Reheat- 
ing

After  
reheat- 
ing
h

Inflation

Reheating

After  
reheat- 
ing

χ2

χ4

h2

Review

Einstein frame
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0iggs Inflation

•  If λh<0 at a high scale,  
cannot to support the slow roll  
of the Higgs  
towards a potential minimum

Recall that

Review
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Vacuum Stability
•  SM

Review
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At  µ= mφ, the integrating out of the φ 
degree of freedom leads to a finite shift:

•  For  µ< mφ, the running coupling is that of the SM: λh(µ) = λh
SM 

•  For µ> mφ it runs with contributions from φ

J. Elias-Miro, J.R. Espinosa, G.F. Giudice,  
H.M. Lee and A. Strumia,  
JHEP 06 (2012) 031

In the numerical calculations  
the 2-loop RGEs for the SM couplings are used

 A. Salvio, Phys. Rev. D 99 (2019) 015037

Vacuum Stability
V: and
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Baryon asymmetry 
•  Baryon number and anti-baryon number are 

NOT equal 
•  Baryon-to-photon ratio: 

 

 
 

 

Nonzero 

nγ: photon number density 
nb: baryon number density 
nb: anti-baryon number densityE

Leptogenesis

⌘ =
nb � nb̄

n�
⇠ 10�10

<latexit sha1_base64="gu0B7H24Uj5rDKyxscEnCoZq5QE="></latexit>

 

Review
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397 4 7 A >8 3> >F 56 <A >8 26 7 67
-341 2

Inflation dilutes 
Baryon density excess 
even if there was before the inflation 

After the inflation, Baryon is created larger number than the anti-baryon 
particles → Baryogenesis mechanism is required  

Leptogenesis

13.8  
billion year

380  
thousand 
year

WMAP observation

Current time

The beginning of the Universe

Big Bang

Inflation

Review
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Standard Model 
EE
Electroweak Baryogenesis is possible? 
•  CP violation amount is small 
•  SM doesn’t satisfy Sakharov’s third condition 

 
 
 

EE
We need to Beyond the SM 

Big mystery for the Universe  
regarding the matter origin

Leptogenesis Review
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Leptogenesis

397 4 7 A >8 3> >F 56 <A >8 26 7 67
-341 2

Leptogenesis during reheating after inflation  
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Leptogenesis
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•  Swing with forced oscillation

Similar to force by  
scalar potential

Similar to force by  
inflaton

•  Our model

force by inflatonforce by  
scalar potential

�: lengthlcosθ�
θ�

✓̈ + 3H ✓̇ + p sin(2✓) = �q(t) cos[µ(t� ti)]
<latexit sha1_base64="NYvq7oy6Ggo9cILga76Hfs63nsw="></latexit>

Leptogenesis
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Leptogenesis
•  When we include the dynamics of the radius of φ, 

it becomes complicated, but still it works 
•  Parameter example: 	

corresponds to
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Propose a model that entails a minimal addition to  
the Standard Model to simultaneously ensure  
 
 
1.  Higgs vacuum stability up to the Planck scale  
↓ then 
Successful inflation  

2.  Leptogenesis via the pendulum mechanism 
3.  Generate the active neutrino masses 

Summary


