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Abstract. We present the first full study of the minimal curvaton-higgs (MCH) model,
which is a minimal interpretation of the curvaton scenario with one real scalar coupled to the
standard model Higgs boson. The standard model coupling allows the dynamics of the model
to be determined in detail, including effects from the thermal background and from radiative
corrections to the potential. The relevant mechanisms for curvaton decay are incomplete
non-perturbative decay (delayed by thermal blocking), followed by decay via a dimension-5
non-renormalisable operator. To avoid spoiling the predictions of big bang nucleosynthesis,
we find the “bare” curvaton mass to be m, > 8 x 10* GeV. To match observational data
from Planck there is an upper limit on the curvaton-higgs coupling g, between 1072 and 1072,
depending on the mass. This is due to interactions with the thermal background. We find
that typically non-Gaussianities are small but that if fyi, is observed in the near future then
my <5 x 109 GeV, depending on Hubble scale during inflation. In a thermal dark matter
model, the lower bound on m, can increase substantially. The parameter space may also be
affected once the baryogenesis mechanism is specified.
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1 Introduction

In the curvaton scenario [1-3], the primordial density perturbations are generated after a
period of primordial inflation, the details of which need not be specified.! Once inflation is
over and the inflaton has decayed into radiation, which we assume to consist of the standard
model degrees of freedom, the curvaton field begins to evolve. Eventually it starts to oscillate
in its potential, and in the process the inflationary perturbations imprinted on the curvaton
field grow. The final amplitude of the perturbation, as well as its statistical properties, is
defined by the time of the curvaton decay. The decay products inherit the field perturbation,
which is then converted into an adiabatic curvature perturbation by subsequent thermalisa-
tion. Recently, attempts have been made to determine the curvaton decay width in terms
of model parameters, and also to connect the curvaton model with the standard model and
other particle physics scenarios [6, 7]. Here the assumption is that the curvaton provides all of
the observed perturbation; for scenarios where both the inflaton and the curvaton contribute,
see [8-13].

In order to obtain the observed curvature perturbation amplitude of ¢ = 4.7 x 107° [14],
the oscillating homogeneous curvaton condensate must be relatively long lived. Moreover, to
obtain realistic estimates for the properties of the curvature perturbation, one should know
both the form of the curvaton potential and the mechanism by which the curvaton decays.
In addition to the amplitude of the curvature perturbation, non-Gaussianity can also give a
stringent constraint on the curvaton model [15]. Recent Planck data has provided a constraint
on a non-linearity parameter fxr,, which represents the amplitude of the bispectrum of the
curvature perturbation. This constraint is —8.9 < fxr, < 14.3 (95% C.L.) [16] for the
local type, which excludes a large parameter space of the curvaton model with a quadratic

!The spectral index ns is determined by both the inflaton and the curvaton potential. Although ns is
now severely constrained by Planck data [4], we do not calculate it because we have not specified the inflaton
potential. For the discussion on the spectral index in the curvaton or a spectator field model, see [5].



potential [16]. However, curvaton self-interactions may change the naive expectations for
non-Gaussianity parameters considerably [17-29] and the extent of the exluded region in the
parameter space in such a case remains to be studied.

Our aim in this paper is to consider carefully the predictions from a very specific imple-
mentation of the curvaton scenario, consisting of the standard model plus one curvaton field
that is coupled to the Higgs boson. We will limit ourselves to the simplest quadratic curvaton
model, but will account for the effective self-interaction arising through radiative corrections
induced by the curvaton-higgs coupling. With such a specific model, we are able to calculate
the decay width of the curvaton using particle physics. The dominant forms of decay are
resonant production of higgses and decay to the standard model via dimension-5 operators.
Using this information, we are able to make accurate predictions for the non-Gaussianity
parameters in this model.

The structure of this paper is as follows. In the next section, we describe the MCH
model. We give the expressions for the potential and the decay rates, which are necessary
to calculate the density perturbation. Then in section 3, we summarize the formalism to
calculate the curvature perturbation and its correlation functions such as the power and
bi- spectra, which will be used to test the model with observational data from Planck. In
section 4, we give a prediction for the power spectrum and non-linearity parameter fyi, and
discuss the constraints on the parameters in the model. The final section is devoted to our
conclusions.

2 MCH model to one loop

In order to produce the observed adiabatic curvature perturbation, the curvaton must at
some point decay to radiation. Therefore it must be coupled to other fields. Assuming a
gauge singlet curvaton, the only renormalizable way to couple it to the standard model is via
the Higgs field. The simplest possibility is then given by the potential

Vo = %mgUQ +g?0%d1 P, (2.1)
where ¢ is a free coupling constant, and ® is the complex Higgs doublet. Within a few
thousand Hubble times after inflation, the higgs settles to the minimum of its potential [30].
Thus, for the purposes of this paper, we can consider only the physical (real) higgs field,
which has a normalisation of 1/4/2 compared to ®. In principle, we could also have assumed
a trilinear coupling of the type o®'®, but this could have been done only at the cost of
introducing a new mass scale. Such a term can be forbidden by imposing the global symmetry
o — —o in the scalar sector. The dimension-5 operator introduced later (eq. (2.13)) does
not respect the symmetry o — —o of the potential (eq. (2.1)). However, it is assumed that
gravity breaks all global symmetries. We have also assumed the bare quartic coupling is
negligible (an effective quartic coupling is generated by loop corrections). With this setup,
we now can calculate the effective potential and the decay rate for the curvaton, including
quantum and thermal corrections.

2.1 Scalar potential

Both thermal corrections and quantum correction of the Coleman-Weinberg type exist be-
cause of the curvaton-higgs coupling in (2.1). (There are also contributions from curvaton-
only terms.) Thus the simplest complete curvaton potential reads

Vet (0,T) = Vo(o) + AV (o) + Vp(o,T), (2.2)



where

1
Vr = —¢*T?%0? 2.3
T 249 g, ( )
is the (one-loop) thermal correction due to physical higgs loops, valid when the effective higgs
mass® my < T. The one-loop Coleman-Weinberg correction is given by
2 2 22 2 2 2
(g o+ mh) geo® +my

where my, = 126 GeV is the higgs mass excluding interaction terms and p is the renormal-
isation scale. For our numerical studies, we choose p = my,. This is an arbitrary choice in
principle, but different values cause the couplings to be defined at different scales. We do not
consider the running of couplings here, because it is a higher-order effect than the existence
of the Coleman-Weinberg potential.

Given the curvaton potential (2.2), one could define an effective decay rate of the curva-
ton, I'eg, which is a dynamical quantity that depends parametrically on the initial curvaton
field value o, and the Hubble rate at the end of inflation H, (which determines the inflaton
reheating temperature). Moreover, the effective decay rate also depends on the parameters of
the potential so that® Teg = Fegr (04, Hy, Mo, g); the actual number can be computed by solv-
ing the equations of motion. The final curvature perturbation is then ¢ = ((o«, Hx, Mg, Legr)
with 3 ON 19°N

C:CG+5fNL<%+--~ =~ 9 2952
where the amplitude of ¢ is fixed by ¢ = 4.7 x 107° [14]. This constraint results in a 3D
surface in the space of the parameters on which the non-gaussianity parameter fyp can
be determined by numerically solving the equations of motion. In principle the curvaton
contribution to other variables such as the spectral index of the primordial perturbations
could be used to constrain the inflaton contibutions.

ON

(2.5)

2.2 Non-perturbative and perturvative decays

Given the potential (2.1), the curvaton can only decay into higgses, and this can happen via
two different mechanisms. The first is is by a non-perturbative resonant process whereby the
oscillating curvaton field excites higgs quanta. The second is by perturbative scatterings with
the thermal background of higgses formed in inflaton decay. This has been discussed for the
curvaton scenario in [6, 7]; for generic studies of the decay of a scalar field oscillating in ther-
mal background, see e.g. [31-34]. In addition, there exists a third possibility, decay through
higher order non-renormalizable operators. The simplest possibility is to postulate decay
by gravitational strength interactions, which to lowest order are mediated via dimension-5
operators. (Note that such operators are likely to break global symmetries like 0 — —o.)
The total effective decay rate is thus given by

Feff = FNP + F5 + Fpert > (26)

where I'yp represents the contribution from non-perturbative decay, I's the contribution
from dimension-5 operators, and I'pery the contribution from perturbative scattering with
the thermal bath. These are all discussed in the following sections.

2In principle the dependence of the thermal mass on temperature is more complicated (see e.g. [31]).
3 Although the Coleman-Weinberg correction eq. (2.4) introduces a dependence on my, this turns out to
be negligible because eq. (2.4) turns out not to play a big role in the curvaton’s evolution.



2.2.1 Non-perturbative decay

Non-perturbative decay can occur and was discussed in detail for this model in [6, 7] (for
earlier discussion of non-perturbative curvaton decay, see [35-38]). For this, it is essential to
take into account corrections due to the thermal background of the inflaton decay products.
These affect both the curvaton potential and the dispersion relation of the higgs, which
determines the nature and existence of the resonance [6]. The resonance occurs for certain
momentum modes and can be labeled either as a broad or a narrow resonance. The resonance

parameter is defined by
9=
=== 2.
0= (52) (27)

where X(t) is the amplitude of the curvaton condensate at time ¢. A broad resonance has
q > 1 whereas a narrow resonance has ¢ < 1. The nature and effectiveness of the resonance
depends on the curvaton initial conditions, its mass, its coupling to the higgs, and the subse-
quent evolution. In the absence of a thermal background, the curvaton would undergo broad
resonance, and the timescale of energy transfer from the curvaton to the higgs would be fast.
However, thermal corrections to the higgs mass can often block the curvaton decay for a long
time [6]. As a consequence, the resonance parameter evolves, and typically the resonance is
narrow at the time when the resonant production of higgses becomes possible.
The onset of narrow resonance occurs when the temperature satisfies

Tar ~ 2, (2.8)
gr

where g% ~ 0.1 [39] is the effective thermal higgs coupling summed over all SM degrees of
freedom. When the resonance is first unblocked, the center of the resonance band is near
k =0 (k is comoving momenta). As the thermal blocking becomes less important, the center
of the band moves towards (k/a) = m,. The width of the resonance band is always given
by 2q(t); this decreases with time. Thus, modes k that are initially inside the resonance
band will eventually leave it. Modes which are initially outside the band can enter and then
leave. Because the narrow resonance is a resonant effect, the time a mode spends in the
resonance band is important. Most energy is transferred to the higgs in modes which are
initially outside the resonance band. The condition for efficient transfer of energy from the
curvaton to the higgs is given by [7]

(tNr)motnr 2 1, (2.9)

where txgr is the time when eq. (2.8) is satisfied. If eq. (2.9) is satisfied, then the reso-
nance is efficient. Although it is possible to determine the time when the resonance becomes
unblocked and the curvaton condensate starts decaying into higgses, a rigorous numerical
simulation is required to determine precisely when the decay stops, or the time when back-
reaction becomes important. This is beyond the scope of this project. However, it is known
from simulations [40, 41] that some fraction Fxp of the condensate (or some non-relativistic
particles) remains, typically between 1 and 10 %. In a study of curvaton preheating it was
found that about 5 % of the condensate remains [35], and therefore for definiteness in this
paper we choose Fxp = 0.05 when eq. (2.9) is satisfied and Fxp = 1 when eq. (2.9) is not
satisfied. These assumptions have a negligible impact on the final results, because the cur-
vature perturbation is dominated by the final decay. We have checked that our results are
not sensitive to changes in Fxp.



To evaluate I'yr, we need to numerically follow the evolution of both the curvaton field
and the background, because ¢(t) depends on the amplitude of the curvaton condensate.
However, we can check the numerical results by making an analytic evaluation of ¢(tNgr)
in three separate cases. Applying the scaling law for energy densities of the curvaton and

radiation, we find
g 3 O« 2 Mpl
t ~ = 2.1
o)~ (£) (375) (32)- (210)

for the case where oscillations begin immediately after inflation in the thermal potential
eq. (2.3). In the second case there is a period of slow roll before oscillations begin in the
thermal potential eq. (2.3), and we find

2
g Ox
q(INR) ~ = ( ) . 2.11

Finally, in the case where there is slow roll followed by oscillations in the quadratic potential

eq. (2.1), we find
2 2 1/2
g Ox Mpl
t ~ . 2.12
Q( NR) g% (Mpl> <m0> ( )

The numerical and analytical results are in good agreement.

2.2.2 Gravitational strength decay

In addition to the renormalizable coupling to the higgs, higher order effective operators are
expected to exist since there is no symmetry that would explicitly forbid them. These include
the curvaton coupling to standard model fermions f through dimension-5 operators such as

1 -
L5 M—Poffbf - (2.13)

This is just one example; there would also be d = 5 operators involving gauge fields. On
dimensional grounds and neglecting possible coefficients, the d = 5 operators in combination

yield a curvaton decay rate of
3

~ mo-
~ M3 (2.14)
Note that we have chosen Mp as the scale of the higher order operators, and therefore no new
parameters have been introduced. In principle, the scale is unknown.* Since we implicitly
assume that, apart from the curvaton, there is no new physics beyond the standard model
and Einstein gravity, choosing Mp as the scale of non-renormalizable physics seems justified.
Although the decay rate (2.14) is Planck suppressed, it can nevertheless be more impor-
tant than the non-perturbative decay. Moreover, after backreaction shuts down the resonant
production of higgses, in the minimal scenario presented here it is the higher-order operators
that will be responsible for completing the curvaton decay.
If dimension-5 operators were forbidden for some reason, the effective decay rate by
dimension-6 operators would be (again on dimensional grounds and neglecting coefficients)

I's

F6 ~ 2 . (215)

4However, it should be much larger than the curvaton mass, which should be smaller than the Hubble rate
during inflation, which could be as high as 10'% GeV.



We require the curvaton to decay before BBN to avoid spoiling the predictions [42].
Specifically, it should decay before the neutrinos decouple at 7' = 4 MeV [43]. These limits
are found by assuming H (t) o< T? and calculating when H(t) = I'5 or I's. For the dimension-
5 operator, this corresponds to requiring m, > 8 x 10* GeV. However, for the dimension-6
operator, the condition on m, is much stronger, giving m, > 4 x 10'° GeV. This would only
allow a small window of curvaton masses; the upper bound is given by m, < H.. However,
we presume that the dimension-5 operators are not forbidden, and thus a substantial amount

of parameter space remains.

2.2.3 Perturbative scatterings with the thermal background

The presence of a thermal bath means that decay processes for the curvaton include pertur-
bative scatterings with the thermal background, the importance of which were first pointed
out in [44]. We calculate the decay width for this, also including 1 — 3 particle decays and
production of k = 0 modes from the thermal background. One finds [45, 46]

1 ¢*'T?
576w mq(T')

Cpert = . (2.16)

We now consider the two cases for initial effective mass at the temperature T, where T}
is the reheating temperature assuming instant reheating. If m,(7.) = m,, then because
H(t) < T? /My, decay by these perturbative interactions either never occurs, or occurs
immediately after the thermal background has been produced. If curvaton decay occurs
immediately, then the curvaton model is ruled out because the relative fraction of the curvaton
energy density has not had time to increase to satisfy the normalization ¢ = 4.7 x 107°.
This rules out large g, and depends on m,. If instead m,(T}) = g7'/v/12, then we should
determine whether these perturbative interactions can occur before T' ~ m, /g, which marks
the transition to m(7T') = m,. In that case, the curvaton decays while both p, and p,.q scale
o a~*. This means that the relative fraction of the curvaton energy density cannot grow,
and that the curvaton model is ruled out in this region. The condition for this to occur is
given by

2!
g > 4.9/ (") : (2.17)

M,

where g, = 107.75 is the effective number of degrees of freedom.

3 The curvature perturbation and non-Gaussianity

Now we discuss the curvature perturbation in the model. We adopt the 6 N' formalism [47-50]
to calculate the curvature perturbation up to the 3rd order:

1 1
¢ = Nobou+ 5Noo (60,)% + Nooo (60,)%, (3.1)

where N, = dN/do, and so on. Then the power, bi- and tri-spectra are defined respectively as

(C(k1)¢(k2)) = (2m)° P (k1)d (k1 + k2), (3.2)
(C(k1)¢(R2)C(k3)) = (27)2Be(k1, ko, k3)d (k1 + ko + ks3), .
(C(k1)C(R2)( (k3)C (ka)) = (2)?T¢ (K, k2, ks, ka)d (k1 + ko + k3 + k), (3.4)



where B¢ and T are given by

Bk kasks) = g I (Pelh) Pelha) + Pe(k)Polh) + Pelk)Pelk) . (3.5)
Tg(kl, ko, k3, k4) = TNL (Pc<k13)P<(k3)P<(k4) + 11 perms.)
—|—%gNL (Pc(kg)Pc(k‘g)Pc(kzl) +3 perms.) , (3.6)

where ki3 = ]El + Eg\ When the curvature perturbations are generated from the curvaton
field alone, the power spectrum is given by

P(k) = N3 Ps,(k), (3.7)
where Py, is the power spectrum for fluctuations of the curvaton field do, which is given by

272
P5U(k) = ?IP&TU{)' (3'8)
Here Ps, = (H/2m)? with H the Hubble parameter at the time of horizon crossing for a
given mode k.
The non-linearity parameters fn1, and gni, are given by

5 No’o’

ngL =2 (3.9)
o4 NUO'O'
%QNL = e (3-10)

g

whereas ™y, = (5fNL/6)2'

For the curvaton, ¢ can be expressed as [51]

2 o 1 ‘ L\’
Cour = *Tdec@(sa* + 9 [3Tdec (1 + UO;.C/;TOSC> - 4r(2160 - 2T§ec:| (ZOSC> (50*)2

3 Oosc osC osc
_’_E;il |:9TZGC (o-gsc/ggéc + Sgosclggsc> . 97"21% (1 + Uosc/gcl)lsc>
Oosc Osc osc
T(?i UOSCU// 4 5 o’ 3 3
+-<€ 11— QTOSC + 107r3ec + 37 dec 08¢ ((50*) , (3.11)
2 osc osc

where o). = doos./do, and o,¢s indicates the field value of o at the time when the curvaton

begins its oscillation under the bare mass term in the potential (2.2). The parameter r(t) is

defined by

3po(t

(1) Po(t) ’
4praa(t) + 3po(t)

which roughly corresponds to the ratio of the curvaton energy density to the total. In
particular, we define rqec = r(t = tgec), Where tgec is the time of curvaton decay. Notice that
we assume that the narrow resonance converts the energy of the curvaton into radiation only
partially. Thus, the curvaton totally decays into radiation only after the perturbative decay.

For the analysis presented in this paper, we follow the the number of e-folds numerically
from just after inflation. We assume that the inflaton decays into radiation just after inflation

(3.12)
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Figure 1. The dependence of ¢ on the inflation scale H,. Here we assume that m, = 10° GeV and
g = 10713, The horizontal line marks the observed ¢ = 4.7 x 107°. Also shown is the dependence of
Tdec ON the initial curvaton value o,.

ends, and thus we follow the energy density of radiation and the curvaton field from the end of
inflation. The number of e-folds N can be obtained by solving the following set of equations:

dpy

7 +4Hp, = Lp,, (3.13)
d*o do dV
—_— 3H+T')—+ — =0 3.14
gz TBH )+ : (3.14)

1da 2 1
H? = () — L (4 p0), (3.15)
a dt 3M123

where the curvaton decay rate I' is given by eq. (2.6). Note that I'yp is zero before the
narrow resonance is unblocked, which occurs at ¢ = txg (see eq. (2.8)). The initial velocity
of o is given by the slow-roll solution.

We follow the above set of equations numerically until the time when H = T'5 is satisfied,
when we can evaluate N and its derivatives. Then we can calculate the power spectrum and
the non-linearity parameters, which are presented in the following section.

To obtain ¢ = 4.7 x 10° requires specific values of o,. There are two possible values
of o, which satisfy this requirement, as shown in figure 1. We denote them as Solution 1
and Solution 2. Solution 1 always has r4ec >~ 1 and corresponds to what in the literature is
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Figure 2. Contours of o, in the case of Solution 2 that give the correct amplitude ¢ = 4.7 x 1075,
with small m, corresponding to small o,. Here we assume that H, = 1012 GeV.

called the dominant curvaton. Because the non-Gaussianity parameter fni, o< 1/7qec, there is
therefore no constraint from the recent Planck data (the two-sigma upper limit is fnr, < 14.3).

Solution 2, which in figure 1 corresponds to the smaller value of o, often leads to
a subdominant curvaton, but for a range in H, can also give rise to a slightly dominant
curvaton. This can be seen in figure 1, where r4o. associated with Solution 2 is seen to
approach 1 as H, decreases. In this case the Planck limit on fn1, can be expected to constrain
the parameter space. Note however that the parameter space of Solution 2 resides inside the
parameter space of Solution 1. For illustration, in figure 2 we show the contours of o, for
Solution 2 that lead to the observed curvature perturbation. The figure is for fixed H,; the
contours look different for different Hubble rates. For Solution 1, o, ~ 10 GeV. This is
slightly modified when the thermal correction initially dominates the potential, for large ¢
and small m,. The Colemann-Weinberg potential never dominates the potential, and we find
that it also has a negligible affect on the non-Guassianity parameters. We have also checked
that the Coleman-Weinberg potential does not make the curvaton heavy during inflation
unless g2 > 2472¢ or g > 0.5, which is outside the region of interest.

4 Results

We present results first for Solution 1, where the curvaton is always dominant at the final
decay, and discuss separately Solution 2. We fix the value of o, such that the observed value
of { is produced. Various constraints apply to the parameter space, including requiring decay
before BBN.
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Figure 3. Parameter space for Solution 1, the dominant curvaton (white is allowed). Dashed lines
show how the lower limits on m, would increase if WIMP dark matter froze out at 10 GeV (lower)
or 1 TeV (upper). Note that the upper bound m, < H, is not shown because it depends on H.,; also
not shown for this reason is the effect of the Coleman-Weinberg potential.

We find that if the condition eq. (2.17) is satisfied, then the curvaton decays immedi-
ately via interactions with the thermal bath and the model does not work. However, these
interactions with the thermal bath are not important in the rest of the parameter space.
If eq. (2.17) is not satisfied, then for large m,, the dimension-5 process occurs before the
narrow resonance is unblocked. If m, is smaller, then the narrow resonance can occur first.
This could either be efficient (transferring 95% of the energy out of the curvaton) or ineffi-
cient. However, in both cases the final curvaton decay is due to the dimension-5 operator. If
the curvaton is dominant at its decay, then the predictions are not particularly affected by
whether there was first a narrow resonance. If the curvaton is either subdominant or only
slightly dominant at decay, then the narrow resonance can affect the non-Gaussianity.

4.1 Solution 1

For Solution 1 the curvaton is always dominant at decay and non-Gaussianity is small. The
constraints on the model are shown in figure 3, where the allowed area is white. There is also
an upper limit on m, that comes from requiring the curvaton to be light during inflation,
i.e. my < H,. The upper limit on g comes from requiring the interactions with the thermal
bath not to immediately destroy the curvaton condensate. The lower limit on m, comes
because the final decay width is determined solely by the curvaton mass. To avoid spoiling
BBN the curvaton must decay sufficiently early, before T' ~ 4 MeV (this is when v, and v,
decouple [43]). There is thus a lower limit on the curvaton mass. If dark matter is a thermal

~10 -



Figure 4. fyr, for Solution 1, shown for H, = 10'2 GeV.

relic, then large isocurvature would be predicted if the curvaton decays after the dark matter
freezes out. This is in contrast with observations. Thus, the dot-dashed line in figure 3 shows
the lower limit on m, for a WIMP dark matter model that freezes out at 10 GeV while the
dashed line is for a WIMP with freeze-out at 1 TeV. However, other dark matter models do
not impose such a bound. A determination of the properties of dark matter will allow this
constraint to be properly calculated. There could also be a lower bound from requiring the
curvaton not to spoil baryogenesis. However, this is also model dependent.

The Coleman-Weinberg potential is initially dominant for Solution 1 if g 2 0.11/m,/H..
Figure 3 is plotted analytically and does not include this effect of the Coleman-Weinberg
potential, because it depends on H,. However, we expect that including it only changes the
initial field value necessary to match observations, o.. The remaining figures show numerical
results including all terms in the potential.

Although neither the Coleman-Weinberg potential nor the thermal correction dominate
in most of the parameter space, they could still introduce non-Gaussianity. We have checked
this carefully and found that the variations are small but possibly interesting. The precise
predictions for fyy, for Solution 1 are shown in figure 4 for the case of H, = 10'? GeV. We
find a small, negative fn;, with values in the range —1.5 < fnr, < 0. We have also checked
that for Solution 1, gnt, is unobservable with gni, < 100. We note that in all cases, both the
curvature perturbation and the non-Gaussianity are produced at the second (final) decay of
the curvaton. Although large non-Gaussianity can occur after the first decay, this is then
diluted by the subsequent expansion. In all cases where the curvaton is dominant at decay,
the first decay only has a negligible impact on the parameters. This is under the assumption
that the resonance can never destroy all of the condensate. This has not been explicitly shown
with a lattice simulation for our model, but is based on similar models in the literature.

4.2 Solution 2

When the curvaton is subdominant at both decays, large non-Gaussianity can be produced
and the parameter space can be restricted by the Planck limit fxr, < 14.3. We then find that
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Figure 5. The allowed parameter space (pale blue / light grey) for Solution 2, with contours of fxi,
shown. Left: H, = 10° GeV; right: H, = 10'' GeV.

Solution 2 exists in the range 10° GeV < H, < 10'' GeV. However, most of the parameter
space of Solution 2 has fr, that is not observable, e.g. fnr, < 5. This is evident from figure 5,
which shows contours of fyi, for Solution 2 with o, fixed to give the correct amplitude of (,
together with the bounds described above on g and m,. The allowed space of parameters
for Solution 2 is contained within the parameter space of Solution 1 depicted in figure 3. If
fNL were to be observed, it would imply a curvaton mass in the range 8 x 10* GeV < mgy <
5 x 10 GeV, as can be seen from figure 5.

5 Conclusion

We have presented the minimal curvaton-higgs (MCH) model and attempted to include
all interactions of the model, including dimension-5 gravitationally suppressed operators.
At tree-level, the curvaton is stable. However the decay mechanisms that do exist are (i)
interactions with the thermal background that comes from the earlier inflaton decay, (ii)
non-perturbative decay via narrow resonance, which is never completely efficient, and (iii)
decay via the dimension-5 operator. Although in principle all three decay mechanisms could
contribute to the observed curvature perturbation, we find that in the allowed parameter
space only the dimension-5 operators impact the predictions of the model.

We demonstrated that the MCH model is viable and consistent with various constraints,
and that typically the predicted non-Gaussianities are small. However, the possibility of
observable fnr, still exists. More specifically, we found that the implications of the MCH
model are: (a) the curvaton mass is greater than 8 x 10* GeV, (b) the curvaton-higgs coupling
is constrained, depending on the mass, but ¢ < 1072 is always allowed, (c) if fx1, were to
be observed, then m, < 5 x 10° GeV, (d) if dark matter is observed and the freeze-out

~

temperature is 10 GeV (1 TeV), then the curvaton mass should be greater than 107 GeV
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(108 GeV). If H, is determined to be low, and dark matter is found to be thermal relic, then
the parameter space will become strongly constrained.

The MCH implementation of the curvaton scenario is important because it presents
a robust model for the origin of the primordial perturbation where the particle content is
fully specified. The dynamics of the model (such as the effective decay width) are not free
parameters, but are given by the parameters in the Lagrangian. The model is testable
with current and upcoming data and could also have implications for LHC physics. One
interesting possibility would be a connection with the so-called Higgs-portal models of dark
matter, where the standard model higgs is coupled to a real singlet scalar [52].
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