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Abstract. I discuss the status of the mass hierarchy problem and prospects for beyond
the Standard Model physics in the light of the Higgs scalar discovery at the LHC and the
experimental searches for new physics. In particular, I will discuss in this context low
energy supersymmetry and large extra dimensions with low string scale.

1 Introduction
During the last few decades, physics beyond the Standard Model (SM) was guided from the problem
of mass hierarchy. This can be formulated as the question of why gravity appears to us so weak
compared to the other three known fundamental interactions corresponding to the electromagnetic,
weak and strong nuclear forces. Indeed, gravitational interactions are suppressed by a very high
energy scale, the Planck mass MP ∼ 1019 GeV, associated to a length lP ∼ 10−35 m, where they are
expected to become important. In a quantum theory, the hierarchy implies a severe ﬁne tuning of the
fundamental parameters in more than 30 decimal places in order to keep the masses of elementary
particles at their observed values. The reason is that quantum radiative corrections to all masses
generated by the Higgs vacuum expectation value (VEV) are proportional to the ultraviolet cutoﬀ
which in the presence of gravity is ﬁxed by the Planck mass. As a result, all masses are “attracted" to
about 1016 times heavier than their observed values.
Besides compositeness, there are two main theories that have been proposed and studied extensively during the last years, corresponding to diﬀerent approaches of dealing with the mass hierarchy
problem. (1) Low energy supersymmetry with all superparticle masses in the TeV region. Indeed,
in the limit of exact supersymmetry, quadratically divergent corrections to the Higgs self-energy are
exactly cancelled, while in the softly broken case, they are cutoﬀ by the supersymmetry breaking mass
splittings. (2) TeV scale strings, in which quadratic divergences are cutoﬀ by the string scale and low
energy supersymmetry is not needed. Both ideas are experimentally testable at high-energy particle
colliders and in particular at LHC.
On the other hand, the recent major discovery of the Higgs boson at the LHC with a mass around
126 GeV is so far compatible with the Standard Model within 2σ and its precision tests. It is also
compatible with low energy supersymmetry, although with some degree of ﬁne-tuning in its minimal
version. Indeed, in the minimal supersymmetric Standard Model (MSSM), the lightest Higgs scalar
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mass mh satisﬁes the following inequality:
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where the ﬁrst term in the r.h.s. corresponds to the tree-level prediction and the second term includes
the one loop corrections due to the topand stop loops. Here, mZ , mt , mt˜ are the Z-boson, the top and

stop quark masses, respectively, v = v21 + v22 with vi the VEVs of the two higgses, tan β = v2 /v1 ,
and At the trilinear stop scalar coupling. Thus, a Higgs mass around 126 GeV requires a heavy stop
mt˜  3 TeV for vanishing At , or At  3mt˜  1.5 TeV in the ‘best’ case. These values are obviously
consistent with the present LHC bounds on supersymmetry searches, but they will certainly be probed
in the next run at double energy. Theoretically, they imply a ﬁne-tuning of the electroweak (EW) scale
at the percent to per mille level. This ﬁne-tuning can be alleviated in supersymmetric models beyond
the MSSM, as discussed in the next session.

2 MSSM Higgs sector with dimension-ﬁve and dimension-six operators
Although extremely successful, the Standard Model or its supersymmetric version (MSSM) is not a
fundamental theory, and this motivated the theoretical eﬀorts to understand the nature of new physics
beyond it. This search can be done using an eﬀective ﬁeld theory approach, in which the “new
physics” is parametrised by eﬀective operators. The power of this approach resides in arranging these
operators in powers of 1/M∗ where M∗ is the scale of new physics that generated them. To improve
the predictive power, one considers additional organising principles, such as: (i) symmetry constraints
that these operators should respect, often inspired by phenomenology (for example: R-parity, lepton
or baryon number conservation, etc). (ii) a truncation of the series of operators to a given order in the
power of the inverse scale 1/M∗ . The eﬀective low-energy Lagrangian then takes the form
 cn,i
L = L0 +
On,i
(2)
M∗n
i,n
where L0 is the SM or the MSSM Lagrangian; On,i is an operator of dimension d = n + 4 with the
index i running over the set of operators of a given dimension; cn,i are some coeﬃcients of order O(1).
This description is appropriate for scales E which satisfy E  M∗ . Constraints from phenomenology
can then be used to set bounds on the scale of new physics M∗ .
Regarding the origin of operators On,i , they can be generated classically or at the quantum level.
At the classical level, this can happen by integration of some new massive states, via the equations of
motion and one then generates an inﬁnite series. This can happen even in 4D renormalisable theories;
indeed, even though the low energy interaction looks nonrenormalisable, it may actually point to a
renormalisable theory valid up to a much higher scale (a familiar example is the Fermi interaction).
Such eﬀective operators are also generated at the quantum level, for example following compactiﬁcation of a higher dimensional theory, by the radiative corrections associated with momentum and
winding modes of the compactiﬁcation [1–5].
The eﬀects of these operators on the low energy observables can be comparable to the radiative
eﬀects of light states in the SM/MSSM [6] and this shows the importance of their study. In the
following we shall study these eﬀects to the case of the MSSM Higgs sector with additional operators
of dimensions d = 5 and d = 6 [6, 7]. In particular we show that the mass of lightest SM-like Higgs
can easily be increased close to the observed value by new physics in the region of few TeV. We then
discuss the nature of the “new physics” behind the eﬀective operators.
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2.1 MSSM Higgs sector with d=5 and d=6 operators

In the leading order, new physics beyond the MSSM Higgs sector can manifest itself as operators of
either d = 5 [6, 12–14] or d = 6 [7, 15] or both. If generated by the same new physics, by comparing
O(1/M ∗ ) and O(1/M∗2 ) terms one can estimate when the series expansion in 1/M∗ breaks down. There
is only one operator in the Higgs sector of dimension d = 5:

1
d2 θ λH (S ) (H2 .H1 )2 +h.c. = 2 ζ10 (h2 .h1 )(h2 .F1 + F2 .h1 ) + ζ11 m0 (h2 .h1 )2 + h.c, (3)
L1 =
M∗
where λH (S )/M∗ = ζ10 + ζ11 m0 θθ and ζ10 , ζ11 ∼ 1/M∗ . It can be generated by integrating out a
massive gauge singlet or S U(2) triplet. Indeed, in the MSSM with a massive gauge singlet, with an
F-term of type M∗ Σ2 + Σ H1 .H2 , when integrating out Σ generates L1 . With the standard notation, here
S = m0 θ2 is the spurion superﬁeld and m0 the supersymmetry breaking scale.
We assume that m0  M∗ , so that the eﬀective approach is reliable. If this is not respected and
the “new physics” is represented by “light” states (like the MSSM states), the 1/M∗ expansion is not
reliable and one should work in a setup where these are not integrated out.
The list of d = 6 operators is longer [16]:


1
1
O1 = 2
d4 θ Z1 (H1† eV1 H1 )2 ,
d4 θ Z5 (H1† eV1 H1 ) H2 . H1 + h.c.
O5 = 2
M∗ 
M∗ 
1
1
d4 θ Z2 (H2† eV2 H2 )2 ,
d4 θ Z6 (H2† eV2 H2 ) H2 . H1 + h.c.
O6 = 2
O2 = 2
M∗
M∗


1
1
d4 θ Z3 (H1† eV1 H1 ) (H2† eV2 H2 ), O7 = 2
d2 θ Z7 Tr W α Wα (H2 H1 ) + h.c.
O3 = 2
M∗
M∗


1
1
4
†
d θ Z4 (H2 . H1 ) (H2 . H1 ) ,
d4 θ Z8 (H2 H1 )2 + h.c.
O8 = 2
(4)
O4 = 2
M∗
M∗
2

where W α = (−1/4) D e−V Dα eV is the chiral ﬁeld strength of S U(2)L or U(1)Y vector superﬁelds Vw
and VY respectively. Also V1,2 = Vwa (σa /2) + (∓1/2) VY with the upper (minus) sign for V1 . Finally,
the wavefunction coeﬃcients are spurion dependent and have the structure
(1/M∗2 ) Zi (S , S † ) = αi0 + αi1 m0 θθ + α∗i1 m0 θθ + αi2 m20 θθθθ,

αi j ∼ 1/M∗2 .

(5)

Regarding the origin of these operators: O1,2,3 can be generated in the MSSM by an additional, massive U(1) gauge boson or S U(2) triplets, when integrated out [12]. O4 can be generated by a massive
gauge singlet or S U(2) triplet, while O5,6 can be generated by a combination of S U(2) doublets and
massive gauge singlet. O7 is essentially a threshold correction to the gauge coupling, with a moduli
ﬁeld replaced by the Higgs. O8 exists only in non-susy case, but is generated when removing a d = 5
derivative operator by ﬁeld redeﬁnitions [6], so we keep it.
2.2 Higgs mass corrections from d = 5 and d = 6 operators.

With the above set of independent, eﬀective operators, one ﬁnds the scalar potential V and its EW
minimum which is perturbed by O(1/M∗2 ) corrections from that of the MSSM. From V one computes
the mass of CP-odd/even Higgs ﬁelds:
m2A = (m2A )MSSM −

2 ζ10 μ0 v2
+ 2 m0 ζ11 v2 + δm2A ,
sin 2β
00007-p.3

δm2A = O(1/M∗2 )

(6)

EPJ Web of Conferences

for the pseudoscalar Higgs, with (m2A )MSSM the MSSM value, with δm2A due to O(1/M∗2 ) corrections
from d = 5 and d = 6 operators. For the CP-even Higgs one has [6, 12, 14]
m2h,H

=

(m2h,H )MSSM


(m2 − m2Z ) cos2 2β 
m2 + m2  (−2 ζ11 m0 ) v2 
1∓ A
(2 ζ10 μ0 ) v2 sin 2β 1 ± A√ Z +
√
2
w̃
w̃
where
δm2h,H = O(1/M∗2 )
+ δm2h,H ,

+

(7)

The upper (lower) signs correspond to h (H), and w̃ ≡ (m2A + m2Z )2 − 4 m2A m2Z cos2 2β. With this result
one can show that the mass mh can be increased near the observed value, also with the help of quantum
corrections [6, 12–14].
Regarding the O(1/M∗2 ) corrections of δm2h,H , δm2A and δm2h,H of (6), (7), in the general case of
including all operators and their associated supersymmetry breaking, they have a complicated form.
Exact expressions can be found in [7, 15]. For most purposes, an expansion of these in 1/ tan β is
accurate enough. At large tan β, d = 6 operators bring corrections comparable to those of d = 5 operators. The relative tan β enhancement of O(1/M∗2 ) corrections compensates for the extra suppression
that these have relative to O(1/M∗ ) operators (which involve both h1 , h2 and are not enhanced in this
limit). Note however that in some models only d = 6 operators may be present, depending on the
details of the “new physics” generating the eﬀective operators.
Let us present the correction O(1/M 2 ) to m2h for the case mA is kept ﬁxed to an appropriate value.
The result is, assuming mA > mZ , (otherwise δm2h and δm2H are exchanged):


δm2h = −2 v2 α22 m20 + (α30 + α40 )μ20 + 2α61 m0 μ0 − α20 m2Z − (2 ζ10 μ0 )2 v4 (m2A − m2Z )−1




+ v2 cot β (m2A −m2Z )−1 4 m2A (2α21 +α31 +α41 +2α81 ) m0 μ0 +(2α50 +α60 ) μ20 + α62 m20


− (2α60 −3α70 ) m2A m2Z −(2α60 +α70 ) m4Z + 8 (m2A +m2Z ) (μ0 m0 ζ10 ζ11 ) v2 /(m2A −m2Z )2
+ O(1/ tan2 β)

(8)

The mass corrections in (8) must be added to the rhs of eq.(7) to obtain the full value of m2h . Together
with (4), (5), these corrections identify the operators of d = 6 with the largest contributions, which
is important for model building beyond the MSSM Higgs sector. These operators are O2,3,4 in the
absence of supersymmetry breaking and O2,6 when this is broken. It is preferable, however, to increase
m2h by supersymmetric rather than supersymmetry-breaking eﬀects of the eﬀective operators, because
the latter are less under control in the eﬀective approach; also, one would favour a supersymmetric
solution to the ﬁne-tuning problem associated with increasing the MSSM Higgs mass. Therefore O2,3,4
are the leading operators, with the remark that O2 has a smaller eﬀect, of order (mZ /μ0 )2 relative to
O3,4 (for similar α j0 , j = 2, 3, 4). At smaller tan β, O5,6 can also give signiﬁcant contributions, while
O7 has a relative suppression factor (mZ /μ0 )2 . Note that we kept all operators Oi independent. By
doing so, one can easily single out the individual contribution of each operator, which helps in model
building, since not all operators are present in a speciﬁc model.
One limit to consider is that where the operators of d = 6 have coeﬃcients such that their contributions add up to maximise δm2h . Since αi j are not known, one can choose:
−α22 = −α61 = −α30 = −α40 = α20 > 0

(9)

In this case, at large tan β:


δm2h ≈ 2 v2 α20 m20 + 2 m0 μ0 + 2 μ20 + m2Z
00007-p.4
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A simple numerical example is illustrative. For m0 = 1 TeV, μ0 = 350 GeV, and with v ≈ 246 GeV,
one has δm2h ≈ 2.36 α20 × 1011 (GeV)2 . Assuming M∗ = 10 TeV and ignoring d = 5 operators,
with α20 ∼ 1/M∗2 and the MSSM value of mh taken to be its upper classical limit mZ (reached for
large tan β), we obtain an increase of mh from d = 6 operators alone of about Δmh = 12.15 GeV to
mh ≈ 103 GeV. An increase of α20 by a factor of 2.5 to α20 ∼ 2.5/M∗2 would give Δmh ≈ 28 GeV to
mh ≈ 119.2 GeV, which is already above the LEP bound. Note that this increase is realised even for a
scale M∗ of new physics beyond the LHC reach.
The above choice of M∗ = 10 TeV was partly motivated by the ﬁne-tuning results [13] and on
convergence grounds: the expansion parameter of our eﬀective analysis is mq /M∗ where mq is any
scale of the theory, in particular it can be m0 . For a susy breaking scale m0 ∼ O(1) TeV (say m0 = 3
TeV) and c1,2 or αi j of Zi (S , S † ) of order unity (say c1,2 = 2.5) one has for M∗ = 10 TeV that
c1,2 m0 /M∗ = 0.75 which is already close to unity, and at the limit of validity of the eﬀective expansion
in powers of 1/M∗ . To conclude, even for a scale of “new physics” above the LHC reach, one can still
classically increase mh to near the LHC measured value.

3 Strings and extra dimensions
The appropriate and most convenient framework for low energy supersymmetry and grand uniﬁcation
is the perturbative heterotic string. Indeed, in this theory, gravity and gauge interactions have the same
origin, as massless modes of the closed heterotic string, and they are uniﬁed at the string scale M s . As
a result, the Planck mass is predicted to be proportional to M s :
MP = M s /g ,

(11)

where g is the gauge coupling. In the simplest constructions all gauge couplings are the same at
the string scale, given by the four-dimensional (4d) string coupling, and thus no grand uniﬁed group
is needed for uniﬁcation. In our conventions αGUT = g2  0.04, leading to a discrepancy between
the string and grand uniﬁcation scale MGUT by almost two orders of magnitude. Explaining this gap
introduces in general new parameters or a new scale, and the predictive power is essentially lost. This
is the main defect of this framework, which remains though an open and interesting possibility.
The other other perturbative framework that has been studied extensively in the more recent years
is type I string theory with D-branes. Unlike in the heterotic string, gauge and gravitational interactions have now diﬀerent origin. The latter are described again by closed strings, while the former
emerge as excitations of open strings with endpoints conﬁned on D-branes [17]. This leads to a
braneworld description of our universe, which should be localized on a hypersurface, i.e. a membrane
extended in p spatial dimensions, called p-brane (see Fig. 1). Closed strings propagate in all nine
dimensions of string theory: in those extended along the p-brane, called parallel, as well as in the
transverse ones. On the contrary, open strings are attached on the p-brane. Obviously, our p-brane
world must have at least the three known dimensions of space. But it may contain more: the extra
d = p − 3 parallel dimensions must have a ﬁnite size, in order to be unobservable at present energies,
and can be as large as TeV−1 ∼ 10−18 m [18]. On the other hand, transverse dimensions interact with
us only gravitationally and experimental bounds are much weaker: their size should be less than about
0.1 mm [19]. In the following, I review the main properties and experimental signatures of low string
scale models [20].
3.1 Framework of low scale strings

In type I theory, the diﬀerent origin of gauge and gravitational interactions implies that the relation
between the Planck and string scales is not linear as (11) of the heterotic string. The requirement that
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Figure 1. D-brane world universe in type I string framework.

string theory should be weakly coupled, constrain the size of all parallel dimensions to be of order of
the string length, while transverse dimensions remain unrestricted. Assuming an isotropic transverse
space of n = 9 − p compact dimensions of common radius R⊥ , one ﬁnds:

MP2 =

1 2+n n
M R⊥ ,
g2s s

g s  g2 .

(12)

where g s is the string coupling. It follows that the type I string scale can be chosen hierarchically
smaller than the Planck mass [20, 21] at the expense of introducing extra large transverse dimensions
felt only by gravity, while keeping the string coupling small [20]. The weakness of 4d gravity compared to gauge interactions (ratio MW /MP ) is then attributed to the largeness of the transverse space
R⊥ compared to the string length l s = M s−1 .
An important property of these models is that gravity becomes eﬀectively (4 + n)-dimensional
with a strength comparable to those of gauge interactions at the string scale. The ﬁrst relation of
Eq. (12) can be understood as a consequence of the (4 + n)-dimensional Gauss law for gravity, with
M∗(4+n) = M s2+n /g4 the eﬀective scale of gravity in 4 + n dimensions. Taking M s  1 TeV, one ﬁnds
a size for the extra dimensions R⊥ varying from 108 km, .1 mm, down to a Fermi for n = 1, 2, or 6
large dimensions, respectively. This shows that while n = 1 is excluded, n ≥ 2 is allowed by present
experimental bounds on gravitational forces [19, 22]. Thus, in these models, gravity appears to us
very weak at macroscopic scales because its intensity is spread in the “hidden" extra dimensions. At
distances shorter than R⊥ , it should deviate from Newton’s law, which may be possible to explore in
laboratory experiments.
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3.2 Experimental implications in accelerators

We now turn to the experimental predictions of TeV scale strings. Their main implications in particle
accelerators are of four types, in correspondence with the four diﬀerent sectors that are generally
present:
1. New compactiﬁed parallel dimensions; In this case RM s >
∼ 1, and the associated compactiﬁcation scale R−1 would be the ﬁrst scale of new physics that should be found increasing the beam
energy [18, 23]. The main consequence is the existence of KK excitations for all SM particles
that propagate along the extra parallel dimensions. These can be produced on-shell at LHC as
new resonances [24].
2. New extra large transverse dimensions and low scale quantum gravity,. The main experimental
signal is gravitational radiation in the bulk from any physical process on the world-brane [25].
3. Genuine string and quantum gravity eﬀects. Direct production of string resonances in hadron
colliders leads generically to a universal deviation from Standard Model in jet distribution [26].
In particular, the ﬁrst Regge excitation of the gluon has spin 2 and a width an order of magnitude
lower than the string scale, leading to a characteristic peak in dijet production; similarly, the ﬁrst
excitations of quarks have spin 3/2.
4. Extra U(1)’s arising generically in D-brane models as part of unitary gauge group factors. They
obtain in general masses due to four- or higher-dimensional anomalies, via the so-called GreenSchwarz anomaly cancellation mechanism involving axionic ﬁelds from the closed string sector. The resulting masses are therefore suppressed by a loop factor compared to the string scale.
From the low energy point of view, they gauge global symmetries of the Standard Model, such
as the baryon and lepton number. An important property of the anomaly cancellation mechanism is that the anomalous U(1) gauge bosons acquire masses leaving behind the corresponding
global symmetries unbroken in perturbation theory. Thus, this is a way to guarantee proton stability (from unbroken baryon number) and avoid large Majorana neutrino masses (from unbroken lepton number) due to dimension-5 operators involving two higgses and two leptons that
are suppressed only by the TeV string scale. Such extra U(1)s have interesting properties and
distinct experimental signatures [27–29].
5. Concerning possible micro-black hole production, note that a string size black hole has a horizon radius rH ∼ 1 in string units, while the Newton’s constant behaves as G N ∼ g2s . It follows
d/2−1
that the mass of a d-dimensional black hole is [30]: MBH ∼ rH
/G N  1/g2s . Using the value
2
of the SM gauge couplings g s  g ∼ 0.1, one ﬁnds that the energy threshold MBH of microblack hole production is about four orders of magnitude higher than the string scale, implying
that one would produce 104 string states before reaching MBH .
3.3 Electroweak symmetry breaking

Non-supersymmetric TeV strings oﬀer also a framework to realize gauge symmetry breaking radiatively. Indeed, from the eﬀective ﬁeld theory point of view, one expects quadratically divergent oneloop contributions to the masses of scalar ﬁelds. The divergences are cut oﬀ by M s and if the corrections are negative, they can induce electroweak symmetry breaking and explain the mild hierarchy
between the weak and a string scale at a few TeV, in terms of a loop factor [31]. More precisely, in
the minimal case of one Higgs doublet H, the scalar potential is:
V = λ(H † H)2 + μ2 (H † H) ,

00007-p.7
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where λ arises at tree-level. Moreover, in any model where the Higgs ﬁeld comes from an open
string with both ends ﬁxed on the same brane stack, it is given by an appropriate truncation of a
supersymmetric theory. On the other hand, μ2 is generated at one loop:
μ2 = −ε2 g2 M s2 ,

(14)

where ε is a loop factor that can be estimated from a toy model computation and varies in the region
∼ 10−1 − 10−3 .
Indeed, consider for illustration a simple case where the whole one-loop eﬀective potential of a
scalar ﬁeld can be computed. We assume for instance one extra dimension compactiﬁed on a circle
of radius R > 1 (in string units). An interesting situation is provided by a class of models where a
non-vanishing VEV for a scalar (Higgs) ﬁeld φ results in shifting the mass of each KK excitation by
a constant a(φ):
2

m + a(φ)
2
Mm =
,
(15)
R
with m the KK integer momentum number. Such mass shifts arise for instance in the presence of
dy
a Wilson line, a = q 2π
A, where A is the internal component of a gauge ﬁeld and q the charge
of a given state under the corresponding generator. A straightforward computation shows that the
φ-dependent part of the one-loop eﬀective potential is given by [32]:
 ∞

R
2 2 2
2πina
Ve f f = −T r(−)F
e
dl l3/2 f s (l) e−π n R l
(16)
32 π3/2 n
0
where F = 0, 1 for bosons and fermions, respectively. We have included a regulating function f s (l)
which contains for example the eﬀects of string oscillators. To understand its role we will consider
the two limits R >> 1 and R << 1. In the ﬁrst case only the l → 0 region contributes to the integral.
This means that the eﬀective potential receives sizable contributions only from the infrared (ﬁeld
theory) degrees of freedom. In this limit we would have f s (l) → 1. For example, in the string model
considered in [31]:

4
1
1 θ2
(il + ) → 1
for
l → 0,
(17)
f s (l) =
4l η3
2
and the ﬁeld theory result is ﬁnite and can be explicitly computed. As a result of the Taylor expansion
around a = 0, we are able to extract the one-loop contribution to the coeﬃcient of the term of the
potential quadratic in the Higgs ﬁeld. It is given by a loop factor times the compactiﬁcation scale [32].
One thus obtains μ2 ∼ g2 /R2 up to a proportionality constant which is calculable in the eﬀective ﬁeld
theory. On the other hand, if we consider R → 0, which by T -duality corresponds to taking the extra
dimension as transverse and very large, the one-loop eﬀective potential receives contributions from
the whole tower of string oscillators as appearing in f s (l), leading to squared masses given by a loop
factor times M s2 , according to eq. (14).
More precisely, from the expression (16), one ﬁnds:
1
ε (R) = 2
2π



2

0

∞



θ24
1 3  2 −2πn2 R2 l
R
il +
ne
.
2
(2 l)5/2 4η12
n
dl

(18)

For the asymptotic value R → 0 (corresponding upon T-duality to a large transverse dimension of
radius 1/R), ε(0)  0.14, and the eﬀective cut-oﬀ for the mass term is M s , as can be seen from
Eq. (14). At large R, μ2 (R) falls oﬀ as 1/R2 , which is the eﬀective cut-oﬀ in the limit R → ∞,
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as we argued above, in agreement with ﬁeld theory results in the presence of a compactiﬁed extra
dimension.In fact, in the limit R → ∞, an analytic approximation to ε(R) gives:
ε(R) 

ε∞
,
Ms R

ε2∞ =

3 ζ(5)
 0.008 .
4 π4

(19)

The potential (13)
 has the usual minimum, given by the VEV of the neutral component of the
Higgs doublet v = −μ2 /λ. Furthermore, from (14), one can compute M s in terms of the Higgs mass
m2H = −2μ2 : M s = √m2Hgε , yielding naturally values in the TeV range.
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