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Large-field inflation

m2φ2 Small-field inflation

V0 −m2φ2

Tribrid inflation

V0 + m2φ2 + (φ2 − µ2)χ2

Others
Hybrid inflation
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L = −yN

2
φ ν̄c

RνR + h.c..

MR ∼ �φ� ∼ 1015 GeV
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B-L Higgs inflation

δφ = H

2π

�φ� ∼ 1015 GeV

However, this simple model 
does not work because of the 
Coleman-Weinberg correction.



Radiative Correction
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The B-L Higgs boson is coupled to the B-L gauge boson 
and the right-handed neutrinos, leading to

Barring cancellation, the potential is so steep that the 
density perturbation becomes too large!!
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Solutions

1. Consider a gauge singlet inflaton.

2. Introduce SUSY
Ellis, Nanopoulos, Olive and Tamvakis `83

Let us introduce SUSY and derive the 
upper bound on the SUSY breaking 
for the B-L Higgs inflation to work.



In SUSY, two Higgs are required for anomaly 
cancellation.
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We identify the inflaton with the D-flat direction         

φ2 ≡ ΦΦ̄

Bosons Fermions
B-L gauge boson
The scalar perpendicular 

to the D-flat direction
B-L gaugino
B-L Higgsino

m2
B = g2ϕ2

soft SUSY breaking mass

mF = gϕ± m̃



VCW(ϕ) � g2

8π2
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Then the CW potential is partially cancelled,

Requiring that the curvature of the potential be 
smaller than the Hubble parameter, we obtain

m̃ � 0.1Hinf

Similar bound on the soft breaking mass of the RH 
sneutrino.

ϕ ≡
√

2|φ|

1108.0070, K. Nakayama and FT



Inflation model
K = |φ|2 + |χ|2 +

κ1

4
|φ|4 + κ2|φ|2|χ|2 +

κ3

4
|χ|4,

W = χ
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2π

�φ� ∼ 1015 GeV
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Asaka et al `99
Senoguz and Shafi, `04



Inflation scale 

�ϕ� = 1015 GeV

Low-scale SUSY around TeV to PeV may 
be realized by the inflationary selection!

Hinf = O(104) GeV −O(107) GeV

O(1)TeV −O(1)PeVm̃, m̃N �

ns � 1− 2n− 1
n− 1

1
N

� 0.94− 0.97



Implications on SUSY 
breaking scale 

If the higher SUSY breaking scale is favored in 
the landscape, the upper bound may be 
saturated: Msusy = TeV - PeV.

If the SUSY is discovered in the TeV scale (or 
higher), it may not be due to the naturalness 
argument, but due to the inflationary selection!



Reheating
The reheating is automatic: the inflaton decays 
into the RH neutrinos, and non-thermal 
leptogenesis naturally works.

L = −yN

2
φ ν̄c

RνR + h.c..
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TR

           is required for non-thermal leptogenessn ≥ 3



SM Higgs boson mass
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SM Higgs boson mass

mh ∼ 130 GeV

1108.3762, K. Nakayama and FT



ns and mh

N.B. ns can be shifted upward by 0.005.

1108.3762, K. Nakayama and FT



Mediation of SUSY breaking

In AMSB (with generic K) or gauge mediation, a 
similar inequality is expected to hold if the soft 
mass is replaced with the gravitino mass. 

m3/2 � 0.1Hinf

In AMSB, it is possible that the above inequality is 
not satisfied if the RH sneutrino has a smaller soft 
mass. In this case the constant term in W 
significantly affects inflationary dynamics.



In AMSB, the Wino LSP of 3TeV mass is a candidate 
for DM. The corresponding gravitino mass is PeV. 

The typical gravitino mass is > 100TeV, and so the 
gravitino and moduli problems are greatly relaxed, 
especially if the R-parity is broken.

Non-thermal gravitino production can also be greatly 
suppressed.

Other comments
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Summary
We built an inflation model using the B-L Higgs boson, 
and introduced SUSY to cancel the CW potential.

We derived the upper bound on the soft mass for the 
inflation to work:

m̃ � 0.1Hinf

The low-scale SUSY may be realized by inflationary 
selection.

Rich implications: non-thermal leptogenesis, SM Higgs 
mass, Wino DM, and gravitino/moduli problem.



Summary
We built an inflation model using the B-L Higgs boson, 
and introduced SUSY to cancel the CW potential.

We derived the upper bound on the soft mass for the 
inflation to work:

m̃ � 0.1Hinfm̃ � TeV − PeV

The low-scale SUSY may be realized by inflationary 
selection.

Rich implications: non-thermal leptogenesis, SM Higgs 
mass, Wino DM, and gravitino/moduli problem.



back-up slides



Ellis, Nanopoulos, Olive and Tamvakis, PLB 118 335 (1982) 

These are valid iff    
mB , mF ∝ �φ�

However, the soft mass 
needs not be proportional to 
the Higgs vev, which results 
in the underestimate of the 
SUSY breaking mass.

gmS < 2× 109 GeV
gmS < 1014 GeV

from density perturbation.



Split SUSY case


