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We consider the Standard Model with a new particle which is charged under SU(2); with the
hypercharge being zero. Such a particle is known as one of the dark matter (DM) candidates. We
examine the realization of the multiple point criticality principle (MPP) in this class of models.
Namely, we investigate whether the one-loop effective Higgs potential Veg(¢) and its derivative
dVef(¢)/d¢p can become simultaneously zero at around the string/Planck scale, based on the one/two-
loop renormalization group equations. As a result, we find that only the SU(2); triplet extensions can
realize the MPP. More concretely, in the case of the triplet Majorana fermion, the MPP is realized at the
scale ¢ = O(106 GeV) if the top mass M, is around 172 GeV. On the other hand, for the real triplet
scalar, the MPP can be satisfied for 10'® GeV < ¢ <107 GeV and 172 GeV > M, 2> 171 GeV, depending

on the coupling between the Higgs and DM.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

The discovery of the Higgs particle [1,2] is very meaningful for
the Standard Model (SM). The experimental value of the Higgs
mass suggests that the Higgs potential can be stable up to the
Planck scale My, and also that both the Higgs self coupling A and
its beta function g; become very small around M. This fact at-
tracts much attention, and there are many works which try to
find its physical meaning [3-29] and implications for cosmology
[30-55].

In [3,4], the Higgs mass was predicted to be around 130 GeV by
the requirement that A(@) and B8, (u) simultaneously become zero
around Mpl.l Namely, the minimum of the Higgs potential V (¢)
around Mp; vanishes. Such a requirement is called the multiple
point criticality principle (MPP), and there have been many sugges-
tions [39,46,56-62,64] that this principle might be closely related
to physics at the Planck scale. One of the good points of the prin-
ciple is its predictability: The low-energy effective couplings are
fixed so that the minimum of the potential takes zero around Mp,.
See [39,62-65] for examples of the prediction.

By taking the fact that the MPP is realized in the SM into con-
sideration, a natural question is whether the MPP can be also real-
ized in the models beyond the SM. It is meaningful to consider the
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U It is interesting that the quadratic divergent bare Higgs mass also vanishes
around this scale [13].
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MPP of these models because we can understand whether the SM
is actually special among them. One of the interesting extensions
is adding a new weakly interacting fermion x or scalar X, which
is an nyx) representation of SU(2), with the hypercharge Y, (x).
Such extensions are phenomenologically well studied because they
have dark matter (DM) candidates when Y, (xy =0 [66-68]. In this
paper, we focus on Y, xy =0, that is, Majorana fermions and real
scalars. We examine the realization of the MPP of these mod-
els, based on the one/two-loop renormalization group equations
(RGEs). We use the effective Higgs self coupling Aes and its beta
function B, defined from the one-loop effective Higgs potential
Vetf(¢). Their definitions and the two-loop RGEs when we add a
new fermion are presented in Appendix A. In the case of the new
scalar (fermion), we only have to consider nx =3 (n, =3, 5) since
the scalar couplings (SU(2); coupling g) rapidly blow(s) up when
nx >4 [69] (ny >7 [66]), and the theory does not valid up to M.
For the septet and nonet fermion cases, we discuss this point in
Appendix B.

In the following discussion, we regard the top mass M; as a
free parameter, and the Higgs mass is varied within [70]

M), = 125.09 4 0.32 GeV. (1)

As for the initial values of the MS SM couplings, we use the re-
sults of [19]. For illustration, the Y, # 0 cases are also discussed
in Appendix C.

First, we consider a new fermion. For ny =3 and 5, the mass
My is determined by the thermal relic abundance [67,68]:
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Fig. 1. Upper left (right): the runnings of the SM parameters when n, =3 (5). Here, the dashed green lines represent the SM running of g;. Middle (Lower): the running of
the effective Higgs self coupling Aef (left) and the one-loop effective Higgs potential Vef(¢) (right) in the case of ny =3 (5). (For interpretation of the references to color in

this figure, the reader is referred to the web version of this article.)

2.8TeV (forny, =3),

~ 2
X7 110Tev (forn, =5). 2)

As a result, M; and Appp are uniquely predicted because there is
no additional free parameter. The results are

171.7 GeV < M; <172.0GeV ,

2.5 x 10" GeV < Ampp < 3.2 x 10'® GeV (forny = 3),

174.8 GeV < M; <175.2GeV,

1.1 x 10" GeV < Ampp < 1.2 x 10'! GeV (for n, = 5), (3)

depending on 124.77 GeV < My < 125.41 GeV.? The upper pan-
els of Fig. 1 show the runnings of the SM parameters where
My = 125.09 GeV, and M; is correspondingly fixed so that the
MPP is realized. Here, we also show the SM running of g, by the
dashed green line for comparison. Furthermore, in the middle and

2 These values of M, are consistent with the recent analyses: M; = 173.34 +
0.76 GeV [71] and M; = 172.38 £ 0.10 + 0.65 GeV [72] at 20 level. However, the
relation between these masses and the pole mass is not clear. In the following cal-
culation of the bare Higgs mass, we use more conservative value of M; determined
by the tt total cross section [73].
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