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Motivated by results recently reported by the CMS Collaboration about an excess in the di-photon
spectrum at about 96 GeV, especially when combined with another long-standing anomaly at the same
value in the bb invariant mass spectrum in four-jet events collected at LEP, we show that a possible
explanation to both phenomena can be found at 1o level in a generic 2-Higgs Doublet Model (2HDM)
of Type-IIl in presence of a specific Yukawa texture, wherein Lepton Flavour Violating (LFV) (neutral)

currents are induced at tree level. Bounds from Higgs data play a major role in limiting the parameter
space of this scenario, yet we find solutions with my = 125 GeV and m;, = 96 GeV consistent with current
theoretical and experimental bounds.

© 2022 The Author(s). 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.

1. Introduction

The discovery of a Higgs boson, H, compatible with the one
predicted by the Standard Model (SM), carrying a mass of 125
GeV, at the Large Hadron Collider (LHC) [1,2], has widely been
regarded as the opening of a new age in particle physics. Such
a Higgs boson is the first scalar and fundamental particle to be
found in Nature and the last remaining undiscovered particle re-
quired for the experimental confirmation of the SM. Even though
the measurements of the production and decay rates of the 125
GeV Higgs boson are currently in good agreement with the expec-
tations within the SM, the Higgs sector chosen by Nature may not
necessarily be the minimal one of such a construct. There might
be additional real or complex singlets, doublets triplets, and so
on, or any mixture of these. An extended Higgs sector may also
be incorporated into a proper theoretical framework, for exam-
ple, a specific realisation of the 2-Higgs Doublet Model (2HDM)
can be made part of the Minimal Supersymmetric Standard Model
(MSSM) [3,4].

Di-photon signatures originating from the production and de-
cay of new (pseudo)scalar Higgs states are of special importance
since this was the channel used to claim the aforementioned dis-
covery. In Ref. [5], CMS has identified two excesses in the search
for light neutral states in pp — ¢ — y ¥ with 20 local significance
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at my,, =97.6 GeV at Run-1 (2012) with 19.7 fb~! of luminosity
and with 3o local significance at my,,, =95.3 GeV at Run-2 (2016)
with 35.9 fb~! of luminosity. Given the (O(1 GeV) resolution of the
CMS detector in di-photon final states, clearly, these two excesses
are consistent with the same mass point. Furthermore, while not
confirmed or denied by the ATLAS Collaboration yet, most recently,
CMS has reported an additional local excess with a significance of
3.1 o (for mp =100 GeV) [6] in the di-tau final state in the search
for a light Higgs boson. If this measurement is interpreted instead
as further evidence of a 96 GeV resonance, it corresponds to a 2.60
deviation.

There seems to be therefore a compelling case to address the
question as to whether any theoretical model can explain these
measurements. Indeed, this has already resulted in several interest-
ing academic papers, which explored some realisations that could
simultaneously explain not only the above yy excesses, while be-
ing consistent with the current measurements related to the ob-
served Higgs boson in 2012 [7-19], but also an anomaly which
has remained from LEP data, in the ete™ — Z(H — bb) channel,
wherein an excess was seen in the bb invariant mass, again around
98 GeV [20]. Indeed, given the resolution of di-jet masses at LEP,
this number is also consistent with the location of the CMS ex-
cesses.

Here, we intend to study such reported excesses in the context
of a 2HDM Type-III with a specific Yukawa texture allowing for
some amount of Lepton Flavour Violation (LFV) [21]. This is done
in order to comply with LEP, Tevatron, LHC and low energy mea-
surements sensitive to not only the SM-like Higgs boson H but also
to a potentially lighter h state playing the role of the object behind
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the aforementioned excesses at 96 GeV. In fact, a generic 2HDM
contains five physical (pseudo)scalar particles, including two CP-
even states (h and H, with m, < mg), one CP-odd one (A) and
a charged Higgs boson pair (H¥*). Based on the way which the
Higgs doublets couple to the fermions, the 2HDM is categorised
into Type-I, -II, lepton-specific and flipped. The 2HDM Type-III cor-
responds to the case where each of the two Higgs doublets couples
to all fermions simultaneously. As a consequence, tree-level Flavour
Changing Neutral Currents (FCNCs) in the sectors of charged quarks
and leptons are being induced. In our approach, rather than postu-
lating a Z, symmetry (exact or softly-broken) to control the latter,
we assume a generic Yukawa texture that we will constrain by
exploiting theoretical conditions of self-consistency as well as ex-
perimental measurements of masses and couplings.

The plan of our paper is as follows. In the next section, we
describe the theoretical framework. We then move on to explain
the features of the two experimental excesses (LEP and LHC). Then
we will map one onto the others by presenting numerical results.
We will finally conclude.

2. Generic 2HDM framework

The 2HDM is one of the simplest extensions of the SM as it
consists of two complex doublets of Higgs fields ®; (i =1, 2) with
hypercharge Y = +1. The SU(2); ® U(1)y invariant scalar potential
is given by [4]:

V =m, o] @ +m3,ald; — [m?,0]0; + He |
A (DT 01)2 425 (0] 02)2 + 23 (0] 1) (@] D7)
+14(@] Do) (@Lb1) + 3 [15(@] 2 + Hec]

+ [[AG@I@) +A7(d>§<bz)] (@ @) + H.c] (1)

Following the hermiticity of the potential given by eq. (1), m%l,
m%z and X1 234 are real parameters whereas s 7 and m%z can
be complex. Adopting the CP-conserving 2HDM, A5 7 and m%z are
real. Keeping Ag 7 terms in the potential, there are direct contri-
bution of A7 to the hyy process via the triple Higgs coupling
hHT™H~. However, in this study, the contribution of charged Higgs
bosons to such a vertex is negligible so that the effect of ig 7 is
very small. We then set 17 = 0 for the whole analysis. Under
the above conditions, the potential has seven independent parame-
ters: my, my, ma, my+, tan B(= vy /v1), sin(f — o) and m%z. In this
work we consider H as the observed SM-like boson with my =125
GeV, so that only six free parameters are left. Here, v{ and v; are
the Vacuum Expectation Values (VEVs) of the two Higgs doublets
while « is the mixing angle in the CP-even Higgs sector [4].

As for the Yukawa sector, the general scalar to fermions cou-
plings are expressed by:

—Ly = QLY Ur®1 + QLYYURD2 4+ Q YIDRr®1 + QLYIDRr D,
+ LY er®q + LYS€r®D2 + H.oc. (2)

Before the Electro-Weak Symmetry Breaking (EWSB), all Y{ 5
are arbitrary 3 x 3 matrices and fermions are not physical eigen-
states. Therefore, we have the freedom to choose Y}, Yg, and Yf
to have diagonal forms; that is, Y} = diag(y}, y4,y4) and Y‘ZM =
diag(y?*, y3*, y4%). In this study, we investigate 2HDM Type-lII,
where neither a global symmetry is imposed on the Yukawa sec-
tor nor an alignment in the flavour space is enforced. We adopt
instead the Cheng-Sher ansatz [22,23], which assumes a flavour
symmetry that suggests a specific texture of the Yukawa matrices,
where FCNC effects are proportional to the masses of the fermions
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Table 1
Yukawa couplings of the h, H, and A bosons to the quarks and leptons in the 2HDM
Type-IIL

b (EDij EDij E9ij

h g—:éij—f/%—;‘;\/zj;xﬁ —%51;4— f/f;[“ \/ngxg —i—;sij+f}‘§;i\/$j%xi§-
Hoomae e o wa- e M st [T
A %«SU - [ﬁ\/ﬁj;xg tpdij — ﬁcﬁ\/zj;xﬂ tpdij — ﬁcﬂ\/:jgxﬁ

and dimensionless real parameters, with Y;j oc ./mim;/v xij. After
EWSB, the Yukawa Lagrangian can be written, in terms of the mass
eigenstates of the Higgs bosons, as follows:

m’

_polin — Z i
v

f=u,d¢

X ((Ehf)ijfufkjh + (S,f,)ijfLiijH - i(é,{)ijfuijA)

V2
+ S5 (i € VigPL+ Vi EDigmiPr) | dH
k=1

V2 _
+Tvi(‘§,§)ijmf»PREjH++H.c. (3)

The reduced Yukawa couplings are given in Table 1, in terms of
the free parameters Xif and the mixing angle « and of tan 8. The
terms proportional to §;; refer to the 2HDM Type-II whereas the

term proportional to Xif denotes the new contribution of 2HDM
Type-IIL

Following the above arguments, the crucial elements of the
Yukawa sector are then derived in terms of the Xi; ’s. Clearly, these
new free parameters are related to the masses and couplings of
both quarks and leptons, consequently, one should be certain that
rare decays, i.e., those that are suppressed in the SM, do not fail
current bounds. Specifically, one should test the contributions of
Higgs bosons to the relevant FCNC processes of B mesons. To start
with, the off-diagonal terms are set to zero for simplicity. Further-
more, note that constraints from AB =2 processes are negligible

due to the suppression factor ,/m]fmif/v. However, transitions in-
volving AB =1 processes are taken into account in the analysis.
Similarly, the b — sy loop transition is sensitive to new physics,
as any differences between the currently measured value of its
rate and SM predictions may be interpreted in the form of a light
charged Higgs boson with appropriate Yukawa couplings. Since no
CP violation is observed in the lepton sector, it is reasonable to
assume that x;; are real numbers the matrix is symmetric. These
parameters may affect flavor changing neutral current in the Higgs
sector h — [;jl; [23,24] which is proportional to non-diagonal el-
ements. Once such effects, directly connected to the structure of
the texture, have been taken care of, though, it is just matter of
testing the Higgs sector of the 2HDM Type-III against both the-
oretical and experimental conditions, which we do in the next
section.

3. Explanation of the 96 GeV excesses at LEP and CMS

In this section, we investigate whether the 2HDM Type-IIl can
explain simultaneously the 96 GeV excesses observed by both LEP
(across ADLO) and LHC (CMS, in particular) experiments. We fol-
low the approach to explain these excesses already adopted in
[7-10] which defines the LEP and CMS signal strengths in terms
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of production cross section (o) and decay Branching Ratios (BRs)
as follows:

BRaupm(h — bb)
BRsm(hsp — bb)
BRoupm(h — bB)

bb O'2HDM(€+€_ — Zh)
LEP ™ Gom(ete— — Zh)

2
=|c X —, 4
IChzz| BRe(hsy — bb) (4)
yy _ Onom(8g —h)  BRonwpm(h — yy)
M oom(gg — hsm) ~ BRsw(hsm — ¥y)
BR h
— lene? % 2upm (M = YY) 5)

BRsmhsm — yy)’

The eTe~ — Zh process receives large corrections from the
charged Higgs scalar [25]. Based on the charged Higgs mass and
tan 3, the complete electroweak contributions to the standard one-
loop model ranged from —1.6% to +5.6% considering different
values of m%z. S_uch corrections may be transferred to |chzz|%.
Moreover, h — bb has been estimated at NLO in the overall 2HDM
[25,26]. We have checked nearly for my > 90 GeV, tree-level re-
sults and NLO are in pretty accurate agreement. In addition, cp is
the effective couplings of the light Higgs top quarks, computed by
2HDMC[27]. Here, hsy is the SM Higgs-boson with mass rescaled
to that of the lightest CP-even Higgs-boson h of the 2HDM Type-
IIl. We then evaluate such signal strengths using the experimental
measurements

P = 0.6 40.2 PR = 0.117 £ 0.057 (6)

and performed a constrained (i.e., m, ~ 96 GeV) to extract the
“best-fit” point by computing the smallest )(36, the latter given by

2 2
e wP2, —0.117 N piis — 0.6 )
9% 0.057 0.2 ’

4. Theoretical and experimental bounds

Before proceeding to show our results, we describe how we
have constrained the parameter space of the 2HDM Type-III sce-
nario that we are targeting, by using both theoretical requirements
of self-consistency and experimental measurements from past and
present machines.

The generic 2HDM scalar potential is required to satisfy sev-
eral theoretical conditions, in order to obtain a realistic and viable
model. The theoretical requirements are perturbativity of the scalar
quartic couplings, vacuum stability and the tree-level perturbative
unitarity conditions for various scattering amplitudes of gauge and
Higgs boson states. These constraints map onto specific conditions
of the parameter space of the model, as follows.

o Unitarity constraints require a variety of scattering process
to be unitary: specifically, the tree-level 2-to-2 body scatter-
ing matrix involving scalar-scalar, gauge-gauge and/or scalar-
gauge initial and/or final states must have eigenvalues e;’s
such that |e;| < 8w [28-30].

o Perturbativity constraints impose the following condition on
the quartic couplings of the scalar potential: |A;| < 87 [4].

e Vacuum stability constraints require the potential be bounded
from below and positive in any direction of the fields ®;,
consequently, the parameter space must satisfy the following
conditions [31,32]:
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Fig. 1. Excluded regions on the (my+, tanp) parameter space by flavour constraints
at 95% C.L.

XM >0, A>0, A3>—y/A1Ay,
A3+ Ag — [As] > —\/A1A2. (8)

Furthermore, on the experimental side, we consider high pre-
cision constraints arising from Electro-Weak Precision Observables
(EWPOs), measurements at the LHC of the properties of the newly
discovered Higgs boson, null Higgs boson searches at LEP, Tevatron
and the LHC as well as flavour observables.

e EWPOs, implemented through the EW oblique parameters
S, T, U [33,34], require a 95% Confidence Level (C.L.) in match-
ing the global fit results [35]:

§=-0.01+£0.10, T=0.03+£0.12, U=0.02+0.11.

e SM-like Higgs boson discovery: an agreement between se-
lected points in parameter space and the current measure-
ments of the properties of the discovered Higgs boson at
125 GeV is enforced by means of the publicly available code
HiggsSignals-2.6.1 [36-43], which computes a x? func-
tion by comparing the predictions of the model with the Higgs
signal strengths from both Tevatron (marginally) and the LHC
(crucially). In our analysis, we adopt Ax?s = Ax? = x? —
er{in to judge the validity of our generated points away from
the “best fit” case at its minimum.

o Non-SM-like Higgs boson exclusions: to check the parameter
space points against the exclusion limits from null Higgs boson
searches at LEP, Tevatron and, in particular, the LHC, we apply
the public code HiggsBounds-5.10.1 [36-41].

e B-physics observables are tested against data by resorting to
the public code SuperIso v4.1 [44] and the experimental
measurements used are as follows:

1. BR(B — Xs¥)IE, <16 Gev = (3.32£0.3) x 104 [45,46],
2. BR(Bs = ptu™)=(3.1+1.4) x 1079 [47,48],

3. BR(B* — t+v;) =1.061)35 x 1074 [45,49],

4. g;gg';i:;;;; =0.6358 +0.0011 [50,51],

e Anomalous magnetic moment of the muon, which is taken
into account by requiring da, = (2.95 % 0.88) x 1072 [52]. In
fact, the full §a, include all one-loop contributions and all
two-loop Barr-Zee-type contributions. As we may see later, the
parameters X{l and X§3 enter via the two-loop photon Barr-
Zee diagram contribution from Higgs with all lepton running
in the second loop [53,54]
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Fig. 3. The signal strengths cms and pigp following the scan described in the text.
The dashed and solid black lines indicate the 1o and 20 ranges of xg, respectively.
The orange star corresponds to the best fit point in the h mass range [94, 98] GeV.
The colour code indicates the A2 values.

5. Numerical results

In line with the above sections, we consider H to be the SM-
like Higgs particle discovered at the LHC in 2012 and my = 125
GeV its mass, therefore m, would be smaller (in what is normally
referred to an “inverted hierarchy” scenario). We then perform a
systematic scan over the 2HDM Type-IIl parameter space, as shown
in eq. (9). Given that we take my = 125 GeV, the S, T and U con-
straints force the whole Higgs boson spectrum to be rather light.
Specifically, the charged Higgs boson mass is taken in the range
140-170 GeV while the CP-odd is assumed to be in the range
70-90 GeV. With the assumption that H is the well-known Higgs
particle, taking into account all the LHC data will force the cou-
plings of such state to the SM particles to be very similar to those
predicted by the SM. Consequently, the coupling of the H state
to the WTW~ (and ZZ) gauge bosons, which is proportional to
cos(B — ), would be SM-like if cos(f — «) € [0.76,0.83] within
1o level. Bearing all this in mind, we then perform a systematic
numerical scan over the 2HDM Type-IIl parameter space as illus-
trated below:

mp € [80, 110] GeV, my =125 GeV,

sin(8 — ) € [-0.5, —0.1], ma €[70, 90] GeV,

BR(K—uv)
BR(r— )

Our choice

[ 6“/1 3

5

mpy+ € [140, 180] GeV, tanp €[1.1, 1.5],
m2, =m? tan 8/(1 + tan’ ). (9)

Of all constraints enforced, a particular role is played by the flavour
ones from the B-meson sector, as these strongly limit the region
of validity in the (my+, tan 8) (see Fig. 1). From here, one can read
that a light charged Higgs boson (with mass from around my and
below m;) is allowed, so long that tan 8 > 1.08 (unlike the 2HDM
Type-II, wherein the lower bound on charged Higgs mass at 95%
C.L. is 580 GeV or upwards, quite irrespectively of tan 8 [55]). This
is instrumental to enable the 2HDM Type-III pursued here to also
comply with the EWPO constraints, as the charged Higgs boson is
sufficiently degenerate with the neutral Higgs state, a precondition
for S,T and U to not fall foul of their experimental measure-
ments.

Given the role played by the xif free parameters in the defi-
nition of the texture, hence on the Yukawa structure of the 2HDM
Type-III studied here, we show in Fig. 2 the correlation among such
quantities in presence of all aforementioned flavour constraints
(from both the quark and lepton sector), i.e., B?,d —-utu=, B—

Xsy, ggg—:l’ﬂg and day,. From investigating such a figure, we

note that the on-diagonal matrix elements in the up and down
sectors are not as large as in the leptonic sector. It is also inter-
esting to note that X3”3‘d are both strongly sensitive to the B?’ i
utu~ and B — Xy processes. The best fit to all such flavour ob-
servables is given by the diamond symbol, which corresponds to
the following configuration:

0.187 0 0

x“=| o 0254 o0 |,
0 0 0210
—0553 0 0
x4= 0 283 0 |, (10)
0 0  1.440
0484 0 0
x'=1 0o —2101 o0
0 0  1.400

To begin with, the LEP constraints on the Higgs strahlung pro-
cess ete™ — Z™®h may restrict an important range of sin®(8 — «)
values for any given choice of my, as long as the process is kine-
matically allowed. Because the ZZh coupling in the 2HDM Type-III
we are considering is suppressed by sin®(8 — &) with respect to
the SM value and considering (from LHC data) that, in our sce-
nario, sin?(8 — «) is expected to be small, the cross sections for
ete~ — Z™h that we obtain are roughly in agreement with the
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[ Excess . Allowed Points * BPs
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Fig. 4. Allowed points, following the discussed theoretical and experimental constraints, superimposed on the results of the CMS 8 + 13 TeV low-mass di-photon analysis [5].
The dashed line corresponds to the expected upper limit on o x BR(h— yy) (left) and o x BR(h — yy)/aSM x BRM(h — yy) (right) at 95% C.L., with 1 and 2 sigma
errors in green and yellow, respectively. The solid line is the observed upper limit at 95% C.L. The aqua stars represent the BPs already introduced.

_, ATLAS 80 fh~1(13 TeV)
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---- Expected =+ 20 e Allowed Points

o8-
105
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Fig. 5. Allowed points, following the discussed theoretical and experimental con-
straints, superimposed on the results of the ATLAS 13 TeV low-mass di-photon
analysis [57]. The meaning of the colours, lines and stars is the same as in the
previous figure.

LEP experimental limits. We also mention that the Tevatron has
investigated such a light boson via the pp — Vh (V = Z, W¥)
process [56]. These limits, however, are considerably less severe
than LEP ones. Obviously, the masses and couplings entering the
ete™ process are also indirectly influencing the SM-like Higgs bo-
son data collected at the LHC, not only through the mixing be-
tween H and h, but also via the H* effects in h — yy decay
mode.

Fig. 3 shows the result of the described 2HDM Type-III scan
over the (ucms, Miep) plane, where the colour code indicates
A X1225- The dashed and solid lines correspond to the 10 and 20
ellipses, respectively, and the orange star indicates the best fit
point. All the points shown in the figure have AX1225 <12. An in-
teresting observation is that there are many points (in red) with
AX1225 < 2.33 within the 10 ellipse. Also, our best fit point is near
the centre of the ellipses. Overall, the 2HDM Type-III is fully ca-
pable of capturing the excess of 96 GeV. Finally, in this figure, we
also identify as aqua stars four viable Benchmark Points (BPs) that
we will use in the remainder of the paper.

We show in Fig. 4 the predicted rate for o (pp — h — yy) (left)
in our 2HDM Type-III and its ratio to the SM results, o (pp — h —
yv)/SM, for each parameter point, in combination with the ex-
pected and observed upper limits from the CMS analysis [5]. One

can see that many points could indeed contribute to the excess ob-
served by CMS in the h — yy final state. It is further interesting
to note that this configuration of the parameter space is also tested
against the exclusion limits given by the ATLAS Collaboration [57]
on 0 x BR(h — yy), captured by Fig. 5. As one can see therein,
the chosen BPs (amongst others) can account for the experimental
results of both collaborations.

In Fig. 6, we show |cpyy [ and [c,,;/chizl? on the (wems, Aiep)
plane. It can be observed from the left panel that the points
with higher signal strength wigp always have the higher cou-
pling cpyy, since piep is directly proportional to |cpyy|? (see
eq. (4)). Furthermore, the points with lower values of |c,,z Jcnil?,
in the right panel, give a higher ucms signal strength, as wcms
is anti-proportional to |Chb5/fhrf|2 (see eq. (5)). However, a too
low c,,; coupling would suppress BR(h — bb) resulting in a
smaller fuigp.

Having satisfied ourselves that the 2HDM Type-III scenario in-
troduced here is able to explain the LEP and CMS anomalies, over
a specific parameter space region, we now turn to identifying a
smoking gun signatures of it. We concentrate here on the H*
state, that we have seen (recall Fig. 1) can be rather light, given
the fact that also h and A are light, so that this calls for testing
the possibility of sizeable Ht — WTA and/or Ht — WTh decay
rates. For this purpose, in Fig. 7, we present the allowed points,
within the usual 1o ellipse, mapped against BR(H* — WTA)
(left panel) and BR(H — Wh) (right panel). One can read from
this figure that the charged Higgs decay width is dominated by
the decay channel WA, for which the BR could reach 82% for
my+ > 165 GeV. The decay channel Wth, for which the BR
could reach 38% for my+ < 165 GeV exceeding the fermionic de-
cay modes of light charged Higgs c¢s and Tv and without conflict
with the experimental limits. The panels in Fig. 7 illustrate that
BR(H* - hW*) + BR(H* - W*A) ~ 100% in the allowed pa-
rameter regions. As consequence, searches for these channels may
act as a collateral signatures validating our 2HDM Type-III expla-
nation of the discussed excesses.

Before closing, for the purpose of encouraging experimental
analyses of this scenario at the LHC, chiefly, to both confirm our
findings in the yy channel and attempting to extract the hall-
mark signatures of it, H — WA andfor HT — W ™h, in Table 2,
we present the four BPs in full, noting that they cover a range
of light Higgs masses between 94 and 98 GeV, i.e., £2 GeV from
the anomaly mass value seen by CMS, thereby consistent with the
typical resolution of a CMS detector and also capturing the mass
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best fit (to theoretical and experimental constraints) point and the usual four BPs are also reported.

value of the LEP excess. Recall that, in all BPs, the H state is SM-
like with T'(H) = 4.09 MeV and its decay modes are within the
current measurements. The cross section rates are also shown.

6. Conclusions

In this paper, we have illustrated how excesses identified by
the CMS and LEP Collaborations may potentially be ascribed to a
Higgs boson produced by gg fusion and decaying into yy and
bb with mass around 96 GeV, by adopting as theoretical frame-
work a 2HDM Type-IIl with a suitable Yukawa texture. Under the
assumption that the heaviest CP-even Higgs state, H, is the dis-
covered one at the LHC in 2012, we have identified the regions
of parameter space where the light CP-even state, h, can explain
such excesses while being fully compliant with the required signal
strengths measured at both colliders. This has been accomplished
after applying standard theoretical requirements of self-consistency
as well as up-to-date experimental constraints.

We suggest that our results are compelling enough to call for
a more thorough experimental examination of the 2HDM Type-
IIl proposed here. In this respect, we have highlighted the fact
that the aforementioned excesses occur in regions of parameter
space which can be probed by the LHC with current and future
data in smoking gun signatures involving a light charged Higgs

state decaying into a W= boson and either the h itself or the CP-
odd companion, A. To facilitate this, we have presented four BPs
amenable to phenomenological investigation.
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