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Fig. 11. Marginalized joint 68 % and 95 % CL regions for (✏1 , ✏2 , ✏3) (top panels) and (✏V , ⌘V , ⇠2V ) (bottom panels) for Planck
TT+lowP (red contours), Planck TT,TE,EE+lowP (blue contours), and compared with the Planck 2013 results (grey contours).

Fig. 12. Marginalized joint 68 % and 95 % CL regions for ns and r0.002 from Planck in combination with other data sets, compared
to the theoretical predictions of selected inflationary models.
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Introduction 
  Higgs inflation [1] is a unique inflationary model that is based on the discovered 
scalar boson.  Its prediction of the spectral index and the tensor-to-scalar ratio is 
consistent with the Planck 2015 results [2].  It is interesting to ask whether this 
scenario can be embedded in a theoretically motivated framework beyond the 
Standard Model of Particle Physics.  In this poster, we study the possibility of Higgs 
inflation in the Minimal Supersymmetric Standard Model (MSSM) taking into 
account the supergravity effects. 
  Higgs inflation in the MSSM was studied before, and it was concluded that Higgs 
inflation does not occur due to the negative potential in the large field region [3]. 
Instead, Higgs inflation was realized in the Next-to-Minimal Supersymmetric 
Standard Model (NMSSM) [3, 4] in which a singlet is added to the MSSM particle 

contents.  One of the reasons of the success is that the singlet can be naturally 
identified with the “stabilizer field” which is used for large field inflation in 
supergravity [5, 6]. 

Inflation without the stabilizer field 
  Recently, Ketov and the author proposed a new method for making large field 
inflation possible in supergravity [7].  In this approach, the stabilizer field is no 
longer required.  It is, however, nontrivial whether the new method is applicable to 
the case of non-singlet fields (Higgses are charged electroweakly), and what kinds 
of inflaton potential are available.  We thus re-examine the possibility of Higgs 
inflation in the MSSM (i.e. without the stabilizer singlet) by introducing higher 
dimensional terms in the Higgs Kahler potential.

Effective single superfield theory 
  In the D-flat direction, the truncated theory becomes

Since Higgs fields are charged, we consider shift transformations of singlet 
combinations of Higgs fields [8],
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where              is a short-hand notation for                  , and J is an arbitrary 
holomorphic function.  We take                                            with                    as a 
benchmark choice.
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The model 
  Consider the following Kahler potential and superpotential [9].

K =|Hu|2 + |Hd|2 + c
�
J(HuHd) + J̄(HuHd)

�

+
1

2

�
J(HuHd) + J̄(HuHd)

�2 � ⇣

4

�
J(HuHd) + J̄(HuHd)

�4
,

W =µHuHd +W0

There are 2*4-3 (would-be NG boson) =5 d.o.f.  We truncate this theory to one with 
less d.o.f.  The mass of charged Higgs                           (h is the inflaton field value) 
is larger than the Hubble scale during inflation if we take not too large   .  We 
neglect charged fields hereafter. 
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The K- and D-flat directions 
  The Kahler potential is approximately constant along the K-flat direction,
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where we defined a chiral superfield                    .  The MSSM superpotential 
becomes 
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Thus, the potential in terms of the redefined inflaton superfield has a quite different 
shape from the original one.  This is a manifestation of running kinetic inflation [8].

“No     problem” but a huge hierarchy 
  In our scenario, the inflationary scale (~     GeV for typical chaotic inflation) is 
given by       , and SUSY should be broken also at this scale so that the mu 
parameter and soft SUSY breaking parameters cancel to reproduce the electroweak 
scale.  If we take kappa sufficiently large, the mu parameter may be as large as the 
reduced Planck scale.  In this sense, we “solved” the mu problem.   However, the 
“little hierarchy problem” becomes a “serious hierarchy problem”.  This hierarchy 
can be explained by the anthropic argument.
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Cancellation of the cosmological constant 
  To (almost) cancel the cosmological constant at the vacuum, we have to add a 
SUSY breaking sector.  For simplicity, we consider a strongly stabilized SUSY 
breaking field (Polonyi field with its quartic term in the Kahler potential).  
Couplings between this field and the inflaton are helpful to satisfy the fine tuning 
condition of the electroweak scale, but we neglect this effect here.  The uplift due to 
the F-term of the SUSY breaking field is �V = 3eK |W0|2.

The inflaton potential — 2/n-th power 
  For the monomial function J of power n,                                             , we obtain 
the inflaton potential of asymptotic power 2/n.  The simplest case, n=1, results in
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Shift symmetry for charged fields 
  Shift symmetry is a key to realize large field inflation in supergravity [5] since the 
F-term scalar potential has an exponential factor of the Kahler potential,

In the K- and D-flat direction, there is one scalar component, the inflaton. where                         is the inflaton,                                   and we assume it is real.fW0 = W0(µ/)
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Conclusions 
  We have shown that Higgs inflation can occur in the MSSM by an explicit 
construction although a fine tuning is required to reproduce the electroweak scale.  
The resultant potential is, however, different from the original plateau-type one, and 
the simplest case (quadratic potential) is now disfavored by the Planck data.
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