-

View metadata, citation and similar papers at core.ac.uk brought to you byf’f CORE

provided by University of Southern Denmark Research Output

)

r—y Pure

Syddansk Universitet

Minimal Coleman-Weinberg theory explains the diphoton excess
Antipin, Oleg; Mojaza, Matin; Sannino, Francesco

Published in:
Physical Review D (Particles, Fields, Gravitation and Cosmology)

DOI:
10.1103/PhysRevD.93.115007

Publication date:
2016

Document version
Final published version

Document license
CC BY

Citation for pulished version (APA):

Antipin, O., Mojaza, M., & Sannino, F. (2016). Minimal Coleman-Weinberg theory explains the diphoton excess.
Physical Review D (Particles, Fields, Gravitation and Cosmology), 93(11), 1-8. DOI:
10.1103/PhysRevD.93.115007

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
« You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 19. Apr. 2017


https://core.ac.uk/display/50718913?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1103/PhysRevD.93.115007

PHYSICAL REVIEW D 93, 115007 (2016)

Minimal Coleman-Weinberg theory explains the diphoton excess
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We replace the standard Higgs-mechanism by the Coleman-Weinberg mechanism, and investigate its
viability through the addition of a new scalar field. As we showed in a previous study, minimal models of
this type can alleviate the hierarchy problem of the Higgs-mass through the so-called Veltman conditions.
We here extend the previous analysis by taking into account the important difference between running mass
and pole mass of the scalar states. We then investigate whether these theories can account for the 750 GeV
excess in diphotons observed by the LHC collaborations. New QCD-colored fermions in the TeV mass
range coupled to the new scalar state are needed to describe the excess. We further show, by explicit
computation of the running of the couplings, that the model is under perturbative control till just above the
masses of the heaviest states of the theory. We further suggest related testable signatures and thereby show

that the LHC experiments can test these models.

DOI: 10.1103/PhysRevD.93.115007

I. INTRODUCTION

It is possible that the tension between the experimental
value of the Higgs boson mass and the naturalness principle
is alleviated by cancellation of the additive corrections to
the mass at the perturbative level. It is well known that this
happens to all-orders in perturbation theory by supersym-
metry. However, it may also be that cancellations happen
only to a finite order, and thus are of accidental nature. In
such a case, the hierarchy problem is not solved, but
delayed to higher scales. This paradigm was first inves-
tigated by Veltman in Ref. [1], long before the discovery of
the top-quark and Higgs-boson, where by eliminating the
one-loop additive corrections to the Higgs mass, predic-
tions for the masses of the top-quark and Higgs-boson were
derived, which we today know are not compatible with
data. However, extensions of the standard model (SM)
introduce new degrees of freedom that may lead to
compatibility between delayed naturalness and experimen-
tal data. In Ref. [2] we pursued this paradigm within
the context of electroweak symmetry breaking through the
Coleman-Weinberg mechanism, where we showed that the
paradigm in many, but one, examples is not compatible
with experimental data. The only viable example turns out
to be a simple one, where the Higgs-sector is extended only
by a real singlet scalar field, which also has couplings to a
new fermionic sector.
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In this paper, we revisit this model, where in Sec. II we
go through the details of the Coleman-Weinberg mecha-
nism. In Sec. III, we add details on the physical predictions
of masses and couplings of the model. In Sec. 1V, we
specify the new fermionic sector, and study the phenom-
enological signatures, explicitly showing that a diphoton
excess at 750 GeV [3,4] is consistent within the Coleman-
Weinberg paradigm and leads in this model to new
predictions for the mass and couplings of the new fermions.
In Sec. V we discuss other predictions that are conse-
quences of the model that could be tested by the experi-
ments. Finally, in Sec. VI we comment on the UV behavior
of the model by studying the running couplings, and give
our final conclusions.

II. ELECTROWEAK SYMMETRY BREAKING
THROUGH A PERTURBATIVELY NATURAL
COLEMAN-WEINBERG MECHANISM

Following the paradigm explained in the introduction
above, we discovered in Ref. [2] an intriguing extension
and modification of the SM where, at the one-loop level,
one predicts a Higgs-boson with the observed 126 GeV
value of the mass, while predicting yet another massive
scalar with running mass value of about 540 GeV, and a
coupling to a new fermionic sector, through the condition
of delayed naturalness. In this work we revisit the model
from the phenomenological perspective, and thus instead
use all known experimental data as input, and study the
consequences on the model and for delayed naturalness.
We start by summarizing the Coleman-Weinberg scenario,
which is here replacing the usual Higgs-mechanism.

© 2016 American Physical Society
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By replacing the standard Higgs-potential with an
approximately flat potential, it was shown a long time
ago by Coleman and Weinberg [5] that quantum corrections
induce spontaneous symmetry breaking, leading to a
prediction for the Higgs-boson mass of around 5 GeV.
The flatness of the potential requires a vanishing of the
mass-term before symmetry breaking and nearly vanishing
of the Higgs-self-coupling at a specific scale. This is the
constraint that returns a prediction of the mass after
symmetry  breaking.  Specifically, the interacting
Lagrangian of the SM Higgs-sector reads in this scenario:

. 1 2 2
L, = MHH) =5 <92W,jW—ﬂ +I 29 Z“C/ Z,,Zﬂ)HTH

+ y,(7.,0)(ic*H* )t + H.c. + c.t., (1)

where the renormalized mass is set to zero and we are
neglecting the couplings to the leptons and light quarks.
The parameters are considered to be renormalized and we
have thus added corresponding counterterms (c.t.). The
Coleman-Weinberg (CW) mechanism works, if 4 = A(u)
is small compared to the other couplings at the scale y, i.e.

Muo) =0+ O(g*, g*. 7). (2)

in which case the quantum (one-loop) corrections to the
Higgs-potential become relevant and generically induce a
nonzero vacuum expectation value for the Higgs field.
On the other hand, one-loop corrections also induce
corrections to the renormalized Higgs-mass, proportional to
the cutoff in a cutoff regularized computation of the Higgs-
potential, or to the highest mass scale in a dimensionally
regularized computation, leading in any case to a hierarchy
problem. One may readjust the counterterms to balance out
these corrections, however, this leads to the issue of fine-
tuning in the sense that readjustment of counterterms have
to be done every time higher-order corrections are com-
puted. One way to avoid this is through the Veltman
conditions. If the cutoff or the new mass scale is not too
high and the one-loop corrections to the mass cancel each
other, then no fine-tuning is needed. In Ref. [2] we
examined several scalar extensions of the SM within this
paradigm, and showed that most, but one, are ruled out by
experiment. The working extension consists of one real
scalar singlet S, which also has to couple to some fermionic
sector. The additional interaction in the Lagrangian reads:

p
£3,, = dusH'HS* + 778+ Yy Sy + He et (3)

where Y;; denotes an as yet unspecified fermionic sector.
The constraint from requiring the potential to be bounded
from below is found by completing the square and reads:
420, As 20,

and if dyg < 0: g > 22 (4)
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Now, requiring electroweak symmetry breaking through
the CW mechanism means that we should set the couplings
such that there is a flat direction in the potential [6]. There
are three options

(1) if A5(pp) = O then S is a flat direction, with (H) = 0,
meaning that electroweak symmetry is unbroken.
This case is, of course, ruled out.

(2) if \/A(po)As(o) = —Aus(ug) there is a flat direc-
tion, which is a linear combination of H and S, and
leads to electroweak symmetry breaking with the
Higgs-boson being a mixture of H and S quanta.
This case was considered explicitly in Ref. [7], and,
to the perturbative order studied, is incompatible
with experiments.

(3) if A(up) ~ 0 then H is a flat direction, with (S) = 0.
This is the case we pursue here, as in Ref. [2].

To compute the one-loop corrections to the Higgs-

potential, we use the background field method, and take
as background:

H—\%(i), s =0. (5)

The one-loop corrections to the potential on any back-
ground and in the Landau gauge reads:

V() =2 / A Selin( + M) 4ot (6)

2 (27)*

where M?(¢;,) is the background dependent mass matrix
and we defined the supertrace

Str = Z -2 Z

scalars Weyl—fermions

+3> . (7)

vectors

In Ref. [2] we computed this quantity through cutoft-
regularization. In this paper we will instead use dimen-
sional regularization, to better connect with experimental
data.

The one-loop corrections to the potential in Landau
gauge and the MS-scheme read (see e.g. [8]):

oM (P _ cl-)] (8)

0

Vi(¢y) = Str {M4i¢") (1

where C; are constants which for scalar and fermions read
C; = 3/2 and for vector bosons read C; = 5/6. For this
model, and for A(yg) ~ 0, the mass-matrix on the Higgs-
background reads:

1 1,1
_(92 +g/2)7_yt27_yt2’/1HS}EM2’

212
©)

i 1,1,
2 :dlag{zg ’Zg 1
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where the entries correspond respectively to the W+, W~
and Z vector bosons, two top quark color multiplets in the
Weyl basis, and the new singlet boson S. At the last equality
we have defined the field-independent matrix M?, which is
possible since there are no explicit tree-level renormalized
mass-terms in the theory considered. However, if the new
explicit mass-terms for the fermions will appear this
expression will be modified. The one-loop potential sim-
plifies to

2
Vi(dn) = A¢4+B¢4log(¢> (10)
0
with
1
A= 64—5&[/\/14(111/\42 C))).

— 4
B= 64 S StrM*, (11)

Whenever B > 0, the potential has a nonzero vacuum
expectation value at:

(n)? 1 A
log P — _~_ = 12
og 2 5T (12)

and the Higgs-boson gains a renormalized mass at one-loop
reading:

mi (o) = 8B(¢y)*. (13)

The other scalar field S obtains a tree-level mass through
the coupling to the Higgs, reading:

mg(ﬂo) = A5 (o) (dn)*. (14)

It is convenient to express the relation between (¢;,) and y
as

po = (p)etts = velts (15)

where at the last equality we identified (¢,) with the
experimentally measured electroweak vacuum expectation
value, denoted v, with the fixed value:

v =246.21(9) GeV. (16)

The value of u, may not be much larger than » for the
perturbative expansion in log(v/uy) to be valid. The
quantities A and B are easily computed. Defining first
the quantity:

g4 — 394 +292 2 _|_g/4’ (17)

we find

PHYSICAL REVIEW D 93, 115007 (2016)

1 [3
—@[ﬁg‘l—Ncy‘}—Fﬂ%’S} (18)
1 . 6 g2 3(92 + g/2)2 gZ + g/Z
— Z 1
64:72[ g+16 YT T 6 g
2 3
Ny} log + Aps 10g/1HS] _EB (19)

where N, = 3 is the number of colors. In the MS-scheme
the tree-level coupling constant values at the top-mass scale
read:

g(M,) = 0.64(8),
g (M,) = 0.35(0),
)

(M) =0.99(5 (20)
with M, = 173.34 GeV. There remains only one undeter-
mined parameter, which is the portal coupling Ayg. To fix
its value we must determine the Higgs-pole mass and
identify it with the experimental value. This will self-
consistently provide the value of y, and predict the running
mass of S. In turn, we will identify the pole-mass of S with
750 GeV. Thus, in the next section we go through the
pole-mass derivations.

II1. PHYSICAL MASS PREDICTIONS

The effective potential used to compute the scalar
masses, by definition, is evaluated at zero external momen-
tum while we need to calculate the physical (pole) mass of
the scalars which is computed at the momentum equal to
the pole mass itself:

M2

pole — mO + H(p =M

pole) (2 1)

where we denoted the scalar self-energy function by I1(p?)
and my is the tree-level mass of the scalar. Now, we can use
the definition of the running mass

myy = mg +T(p* = 0). (22)

to express the pole mass as:

M]%Ole - ml%lln + H(pz - M}%olc) - H(p2 = O)
= mb,, + All, (23)

and we observe a shift due to the scalar self-energy AII
when we convert from running to pole mass. In Eq. (23),
m2,, and AIT both depend on the RG scale g, in such a way
that the resulting pole mass M, is RG independent [9].
Namely,

115007-3
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dATI
dlog po

M pole
Ho

= =2yM?

role = AIl=2yM? | log

pole + const

(24)

where y is the scalar field anomalous dimension. From the
SM top Yukawa contribution y, (with y;; = 3y?/(4x)?) and
from the mixed quartic izg we have the self-energy
correction for the mass of / [9,10]:

3 (mo)? M? M?
Anhz{TTg (4M2-M3)|2-Z ﬁ% +Mﬁlog'u—(2)’

e C R

where M,, Mg and M,, are the physical pole masses of the
top quark, scalar and Higgs boson, y is the Coleman-
Weinberg RG scale, to be determined self-consistently, and
the function Z(x) is defined as:

, {ZAtan"(l/A), if x> 1/4
() = Alog[(14+A)/(1-A)], ifx<1/4
A=|1—4x|"2, (26)

which takes the limiting value Z(x = oo) = 2. Now, fixing
M, = 17334 GeV, M, = 126 GeV, and M = 750 GeV,
we can get Ay s (uo) iteratively by initially setting pq ~ M,, and
solving the equation M2 = m2 (i) + AT, (1) This leads to

dus(M,) = 4.85. (27)

From this and Eq. (15) we get a new estimate for y, giving
1o = 188 GeV. Since this value is approximately the same as
M, we can stop the iterative process already, meaning that we
can simply take Coleman-Weinberg RG scale to be ug ~ M,,
since the logarithmic change of M, to 188 GeV is very small.
Although the above value of 1y is large, it is still perturbative.
We will comment on its Landau pole at larger scales in the end.

Analogously taking into account the, yet unspecified,
Yukawa coupling(s) contribution(s) to the anomalous
dimensions of the S, yg, from the new fermion(s) (which
we will call collectively y) and contributions from the
mixed quartic Agzg we have [10]:

M? M?
ATl zys{(th; - M?3) {2 —Z(ﬁg)} + M3 log”—j}
S 0
+/1HS(/’l0)M§\/1 XmOgM%(l —X) +M§x2
4r? 0 M3 (1 —x) + Mix’

(28)

where M, is the pole mass of the fermion y. Again
identifying S with a resonance at 750 GeV we arrive at
the equation for yg and M,

PHYSICAL REVIEW D 93, 115007 (2016)
M% = m% + Ans(}/s,MX) = (750 GeV)z, (29)

leading to a further relation between the physical mass of
the new fermion and its contribution to the anomalous
dimension of S. The running mass mg is given by the
Coleman-Weinberg prediction, Eq. (14). Let us note that it
is possible to add an explicit tree-level mass for S, which
would not change any of the earlier results. It would,
however, modify the equation above, thus modifying the
constraints for the new fermionic sector.

In the next section we turn our attention to the new
fermionic sector and its possible relation to the recent
diphoton excess, which will be used as input to constrain
one of the two remaining parameters of the model, yg
and M,.

IV. COMPLETING THE MODEL:
DIPHOTON EXCESS

The ATLAS collaboration has collected 3.2 fb~! of data
and reported an excess in the distribution of events
containing a pair of photons, at the diphoton invariant
mass M =~ 750 GeV with 3.9¢ statistical significance [3].
The ATLAS data consists of about 14 events which appear
in two energy bins, suggesting a best-fit width of about
45 GeV (I'/M =~ 0.06). The result is partially supported by
the CMS collaboration [4] which collected integrated
luminosity of 2.6 fb~! and has reported a modest excess
of about 10yy events peaked at 760 GeV. The best-fit has a
narrow width and a local statistical significance of 2.6¢.
The cross sections in a di-photon invariant mass interval
corresponding to the best-fit width values can be estimated
as [11]

(6+£3)fb CMS  /s=13TeV,
(10£3) fb ATLAS /s = 13 TeV.
(30)

o(pp = rr)~ {

This value can be easily obtained in a weakly-coupled
model, however, the total width, generated by the one-loop
decays to pair of photons yy and gluons gg alone, is too
small to fit the ATLAS observation. The typical expression
for a tree-level decay width is I'/M ~ y?/4z; so the total
width I'/M =~ 0.06 can be explained via a tree-level decay
process if the relevant coupling y ~ O(1).

Let us reflect on these experimental results in view of
our model.

(i) Our model has one extra real scalar S with a
coupling to the Higgs, Ays(M,) = 4.85, required
to explain the experimental value of the pole mass of
the Higgs. We propose to identify the S-boson with
the newly observed excess in the diphoton invariant
mass around 750 GeV.

(i1) Our analysis in Ref. [2] suggests that the new scalar
should be coupled to new fermions, which we have

115007-4
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so far generally modeled by the Yukawa sector
YiiSyiw; in Eq. (3). To keep the Higgs mass
prediction intact, the new fermions y; should couple
dominantly to S. Once the fermionic sector is
specified, we have to find the physical (pole) mass
of § using Eq. (23) and compare it with the
experimental excess around 750 GeV.

Let us illustrate how we can address the points above via
the introduction of a new fermionic sector. We explore the
consequences of adding a QCD-colored vector-like quarks,
x', in the representation r; and carrying hypercharge,
Y' = Q). The additional contribution to the potential of
the theory reads

V= (S +m)xixk
+ (VS + meb Ve qh + yib Ot x4H + He.  (31)

Clearly, the couplings yj;g , y“H’j{ and invariant bare masses

m%’ are only allowed for a y’-quarks which are triplets of

QCD and are of down-type (Q)"( = —1/3) or up-type
(Q} =2/3) while the couplings y; and invariant bare
masses m)i(j may contain additional non SM-like species of
vectorlike fermions. As we discussed above, as long as new
fermions will couple only to S, the one-loop prediction for
the Higgs mass will not be affected which leads us to
consider the y‘}j} ~ 0 region of this model. Also, we assume
that, when allowed, y“ couples predominantly to the 3rd
family of SM quarks so that Q; = (1,b,)" is the SM
doublet and gr = by or tp depending on whether the y¢
quark is bottomlike or toplike.

To be predictive, we start with the model featuring non-
SM like quarks so that we have y% =md =0 and
comment on the more general situation at the end.
Furthermore, we go to the basis where y;/ is diagonal.

The Yukawa’s yj( generate the Sgg and Syy vertices
via a y'-loop and the production cross section of § through
gluon fusion times the branching ratio into diphoton for a
specie i is then given by [11,12]":

oi(pp—=rr)=o;(pp—S)xBri(S—yy)

, 0\* [330GeV)\?2
~10fbx d(r;)? x|y |2x< X) x| —,
1\2/3 M,

(32)

where d(r;) is the dimension of the color-representation of
the quark specie ', and Q! is its hypercharge. To reproduce
the observed excess around 750 GeV in the diphoton
invariant spectrum, from Eq. (30), the total cross section

'In addition, we can make a loop of y-quarks with two photons
attached, generating another contribution to 6(pp — 2y) and this
process is also available for SM-like quarks.

PHYSICAL REVIEW D 93, 115007 (2016)
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FIG. 1. The mass of the new fermions M, as a function of
electric charge Q* and dimension of the QCD representation
d(r). The orange gridlines correspond to the SM-like b’ (left),
bottom-like quark in the adjoint representation of QCD
b;dj (middle) and SM-like ¢ (right).

of o(pp—yy)~101fb is required,
normalization.

In principle, for a given y, and m), we need to evaluate
the pole masses of the fermions M)"( and use Eq. (28) to
predict the pole mass Mg of the scalar S. Since these
numbers are unknown, we simply fix Mg = 750 GeV
assuming that there is a single non SM-like quark y with
pole mass M, responsible for it. This new quark yields a
one-loop contribution to the scalar anomalous dimension

explaining the

2
vy — d<r>%. (33)

From Eq. (32) we have a relation between y, and M, which
we use in Eq. (29). This allows us to relate M, to the
electric charge and dimension of the QCD representation
d(r), which is shown in Fig. 1. The shaded region
corresponds to the combined data of ATLAS and CMS,
i.e. 0 %8 + 2 fb. The orange vertical dashed-line in the
middle is an example of a non-SM bottom-like quark,
which is in the adjoint representation of QCD b’adj (predict-
ing M, ~ 1.1-1.3 GeV and y, ~ 1.64 — 1.56).

The results in Fig. 1 are valid also for SM-like quarks as
long as y, dominates over other Yukawa couplings. For
example, the right orange vertical dashed-line corresponds
to a SM-like ¢ predicting M,~2.3-2.8 TeV, and
y, ®2.3—2.2, while the left orange vertical dashed-line
corresponds to b’ state with M, =~ 740-900 GeV, and
v, ~3.0—2.8. In the following section we discuss the
implications of these predictions.

V. PREDICTIONS

In the previous section we restricted the analysis, for
simplicity, to the case where the Yukawa couplings in

115007-5
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Eq. (31) other than y, are vanishing. This is the only
possibility if the new quark does not carry SM-like charges,
such as in the example of the adjoint b;dj. However, as also
evident from the analysis, the new quark could carry SM-
like charges, e.g. in the ¢ and b’ case. In that case (still
restricting our analysis to yy, ~ 0, disallowing y — gH)
we can have a decay of y — ¢S via the y,, Yukawa
coupling, which predicts the following resonant contribu-

tion around M '

pp = xx = 4488 — qq4y (4gluons).  (34)
The coupling y,, will also contribute to the anomalous
dimension of S which, for the case of a single new quark
reads [d(r) = N, for the fundamental QCD representa-
tion]:

|y, 12 4 21y,

¥s =N, (471')2 (35)

This leads to extra contributions in o(pp — yy) and,
generically, allows us to fit the diphoton excess for smaller
values of Yukawa couplings, making the model more
weakly coupled.

Another implication of the new heavy quarks is that
since S-boson is a real scalar [13-25], below the mass of
M, there can appear an effective gauge-invariant SM
operator SB,, B*" with B, the hypercharge gauge boson
(in contrast to the pseudoscalar case, which instead
couples to €*?B,, B,, [26-33]). This naturally implies
S — yy,ZZ,Zy branchings that are roughly related as
1:0.09:0.6. In fact, we could also replace S with a
pseudoscalar without affecting much our main results.
This model can in this sense be seen as the elementary
(perturbative) counterpart of models of minimal composite
electroweak dynamics investigated in [26]. In the
composite case one also predicts sizable decays into
WW, which are not present here and thus distinguish
the two.

PHYSICAL REVIEW D 93, 115007 (2016)

VI. ON PERTURBATIVE NATURALNESS
AND CONCLUSIONS

One may worry about the perturbative validity of our
predictions, since the portal coupling has a large value
Aus(M,) = 4.85. This value is still perturbative at the top-
mass scale, since Ayg/4m < 1. However, we must ensure
that it does not run into nonperturbative values within the
relevant energy-scales of the model. We consider therefore
the RG equations of the scalar sector, given in the MS-
scheme by:

d
(47)? = (12y} = 3¢9% — 9¢%)A — 6y}

diny
3
+ 320" + (97 + )’ + 2427 + 24,
(36)
di 1
2 “MHS 1292 — 302 — 92
+ 3Aps(44 + 245) + 8135 + Y], (37)
dA
(4”)2 dlnsy = 8/1%1s + 18/1% + [Y]/157 (38)

where the extra terms [Y], are contributions from the new
Yukawa coupling y,, which is in this mass-independent
schemes not “active” before the scale u = m,, as well as
other possible couplings to massive sterile/dark matter. We
assume that none of these contributions are active at scales
below 1 TeV. Furthermore the running of the other SM
couplings are unaffected by the new parameters. With the
assumption on the dark sector, we get an estimate of the
running coupling as a function of RG scale, as shown
in Fig. 2.

From this analysis it is seen that the coupling Ay, which
was so far undetermined, cannot take values much bigger
than one, since it otherwise drives the portal coupling Ay to
nonperturbative values at scales below 1 TeV. The analysis
also shows that the model becomes nonperturbative around

inactive x inactive x
15¢
47T
10F
Ans
5 .
As
A ‘ | L ‘ ‘ ‘ e
200 400 600 800 1000 1200 GeV 200 400 600 800 1000 1200 GeV

FIG. 2. Estimate of the running scalar couplings, assuming any dark coupling to the singlet scalar S to be “inactive,” in the sense of
MS-renormalization. In the left panel, the initial value of Ag(M,) = 0, while in the right panel it is Ag(M,) = 1.
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1-1.5 TeV. This implies that the mass predictions for new
quarks with charges giving large masses beyond 1.5 TeV
cannot be trusted. We are thus led to the conclusion that only
the predictions for the low-mass new quarks are valid, such
as the b" and the b/ ;.. Furthermore it implies that beyond the
new quark mass-scale, the model must either be extended or
replaced by a strongly coupled theory. In the case of b’ there
is also the possibility to relax the condition y, ~ 0.1t could
be interesting to consider this effect in the future.

To conclude, we have shown that extensions of the SM in
which the Higgs-sector is replaced by the Coleman-
Weinberg mechanism can lead to the correct mass of the
Higgs boson with minimal fine-tuning. We furthermore

PHYSICAL REVIEW D 93, 115007 (2016)

showed that this new scalar can explain the diphoton
excess, through an associated new fermionic sector charged
under SU(3), and U(l),. Finally we have suggested
related signatures, which are predictive consequences of
the model, and furthermore showed that the model has a
natural cutoff at scales around 1-1.5 TeV. Thus we expect
the LHC experiments soon to be able to test this alternative
scenario for radiative breaking of the electroweak theory.
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