
Physics Letters B 757 (2016) 261–267
Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

Can the new resonance at LHC be a CP-odd Higgs boson?
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A plausible explanation of the recent experimental indication of a resonance in the two-photon spectrum 
at LHC is that it corresponds to the CP-odd Higgs boson. We explore such a possibility in a generic 
framework of the two Higgs doublet models (2HDM), and combine mA ≈ 750 GeV with the known 
mh = 125.7(4) GeV to show that the charged Higgs boson and the other CP-even scalar masses become 
bounded from bellow and from above. We show that this possibility is also consistent with the 
electroweak precision data and the low energy observables, which we test in a few leptonic and 
semileptonic decay modes.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
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1. Introduction

In addition to the Higgs boson, mh = 125.7(4) GeV [1], the ex-
periments at LHC recently indicated a possibility for a resonance in 
the diphoton spectrum at about 750 GeV [2]. While its spin must 
be either J = 0 or 2, its parity cannot be yet assessed. If, after 
improving statistics and further examining systematics of the data 
sample, this signal remains as such, the plausible explanations for 
the newly observed state could be the ones offered in Refs. [3–13].

The simplest possibility is to consider scenarios with two Higgs 
doublets (2HDM) in which the spectrum of scalars consists of 
two CP-even (h and H), one CP-odd (A) and one charged Higgs 
state (H±). In this paper, we focus on the possibility of the new 
state being the CP-odd Higgs and find that the general theoreti-
cal constraints combined with the two known masses result in the 
bounds on the remaining two Higgs boson states. We also show 
that the resulting bounds and the proposed scenario satisfy the 
electroweak precision tests, and do not significantly modify the 
low energy (semi-)leptonic decay modes.

Let us stress that, in a pure 2HDM, the production cross sec-
tion for the heavy spin-0 states seems to be too low to ex-
plain the claimed excess of σ(gg → X)B(X → γ γ ), where X
stands for the new 750 GeV resonance, in such a way that an 
extended particle content might be needed [8]. However, our con-
clusions on the spectrum of the model are unlikely to be sig-
nificantly affected by the additional particles as long as they are 
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fermions.1 One should be cautious and study carefully the sig-
nal strength, including the background contamination in the sig-
nal region as well as the possible signal-background interference, 
which in general are model dependent [14]. It should be reem-
phasized that other possibilities can be envisaged, such as the one 
in which H and A are mass degenerate. In this paper, we focus 
on the possibility of A being the desired state hinted at about 
750 GeV.

2. General constraints on 2HDM and the spectrum of Higgses

The most general CP-conserving 2HDM potential compatible 
with gauge symmetries of the Standard Model is given by (see e.g.
Ref. [15]),
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where �1 and �2 are the two complex scalar SU (2) doublets 
with hypercharge Y = +1. In the above expression the Z2 symme-
try (�1,2 → −�1,2) has been tacitly assumed, except for the soft 
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symmetry breaking term proportional to m2
12. Assuming that each 

doublet carries a non-zero vacuum expectation value (vev) one can 
write,

�a =
(

φ+
a

1√
2
(va + ρa + iηa)

)
, a = 1,2, (2)

with both vev’s v1,2 being associated with the neutral components 
to avoid a problem of breaking the U (1) symmetry of electromag-
netism. A further assumption is the conservation of CP-symmetry 
in the Higgs sector which translates to v1,2 ∈ R. Two of the six 
fields (φ+

1,2, ρ1,2, η1,2) are Goldstone bosons and can be gauged 
away, which then leaves us with the physical spectrum consist-
ing of one charged H± , two CP-even neutral h, H , and one CP-odd 
neutral A boson, that are linear combinations of the above fields, 
namely,

H+ = φ+
1 sinβ − φ+

2 cosβ, A = η1 sinβ − η2 cosβ,

H = −ρ1 cosα − ρ2 sinα, h = ρ1 sinα − ρ2 cosα, (3)

with α and β associated with rotations that diagonalize the mass 
matrices. Written in terms of parameters given in V (�1, �2) one 
gets,
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as [16]:
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in an obvious notation in which we also replaced M2 ≡ m2
12

sin β cosβ
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To ensure that the scalar potential is bounded from below, the 
quartic parameters in Eq. (1) should satisfy [17]

λ1,2 > 0, λ3 > −(λ1λ2)
1/2, and

λ3 + λ4 − |λ5| > −(λ1λ2)
1/2. (7)
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which cannot be done analytically for m12 �= 0. Instead, one can 
derive a condition that is necessary and sufficient for V (�1, �2)

to have a global minimum at (v1, v2) and it reads [18],
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Another generic constraint comes from the requirement of uni-
tarity of the S-wave component of the partial wave decomposi-
tion of the full Higgs scattering amplitudes. That condition can 
be translated into a set of constraints on the quartic couplings in 
Eq. (1), which amounts to [19]

|a±|, |b±|, |c±|, | f±|, |e1,2|, | f1|, |p1| < 8π, (10)

where
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e1 = λ3 + 2λ4 − 3λ5, e2 = λ3 − λ5,

f+ = λ3 + 2λ4 + 3λ5, f− = λ3 + λ5,

f1 = λ3 + λ4, p1 = λ3 − λ4. (11)

We then generate random points in the parameter space by 
fixing mh = 125.7(4) GeV, v = 246.22 GeV, as well as mA =
750(30) GeV, and by varying

tanβ ∈ [1,35], α ∈ [−π

2
,
π

2
], mH ∈ (mh,1.5 TeV]

mH± ∈ (mW ,1.5 TeV], |M2| = |m2
12|

sinβ cosβ
< (1.5 TeV)2, (12)

to select those that are consistent with constraints given in 
Eqs. (7)–(10).

Two interesting results of our scan are shown in Fig. 1 where 
we see that the lower values of tan β are highly favored with most 
of the points being tan β � 5, and that the mass of the other 
two Higgs states are bounded both from below and from above, 
namely,

400 GeV � mH± � 1 TeV, 200 GeV � mH � 1 TeV. (13)

Furthermore we observe that the Z2-symmetry breaking term can-
not be excessively large and it reproduces mA = 750(30) GeV, for 
|M| ∈ (200, 800) GeV. Finally the resulting points are concentrated
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Fig. 1. Result of the scan of the parameter space as indicated in the text and after imposing constraints given in Eqs. (7)–(10). To better appreciate the effects of fixing 
mA = 750(30) GeV, we also made the scan of parameters without fixing mA = 750(30) GeV, shown in the plots by brighter points.
Table 1
Flavor conserving models and the respective Yukawa couplings of the quarks uR

(charge Q = 2/3), dR (charge Q = −1/3) and leptons R with the Higgs doublets.

Model uR dR R

Type I �2 �2 �2

Type II �2 �1 �1

Type X �2 �2 �1

Type Z �2 �1 �2

in the region of | cos(β − α)| � 0.3, which then means that the 
couplings ghV V > gH V V for V being either W or Z .2 This result 
agrees with the findings of Ref. [20].

Another interesting feature is that one cannot impose the de-
generacy mh = mH and scan over the parameter space as indicated 
above (but without fixing mA ). While most of tan β points remain 
small, the values of cos(α − β) are equidistributed between −1
and 1, but one then gets an upper bound on mA � 700 GeV, incon-
sistent with the state supposedly observed at LHC. We should also 
mention that the direct experimental searches of the non-Standard 
Model Higgs states also restrict cos(α − β) to small values, as re-
cently discussed in Refs. [21,22].

3. Including fermions

As it is well known, in order to avoid the tree level flavor 
changing neutral currents (FCNC), one imposes that the fermions 
of definite charge and chirality couple to a specific Higgs doublet. 
In this way one distinguishes various types of 2HDM: In Type I 
models all fermions couple to the same Higgs doublet (�2, by 
convention); In Type II the right-handed (RH) quarks with charge 
Q = 2/3 couple to the doublet �2, whereas those with Q = −1/3
to the doublet �1. A slight modification of the latter rule leads 
to two other types: Type X 2HDM (or lepton-specific), and type Z 
(or flipped) one. Their coupling patterns to quarks and leptons are 
listed in Table 1. More general, in terms of Yukawa couplings, is 
the so called Type III 2HDM in which the couplings to fermions 
are all to be fixed by the data [23] which is often impractical be-
cause of too many free parameters so that one has to resort to 
additional assumptions such as minimal flavor violation (MFV) [24,
25], the natural flavor conservation [26], or the aligned 2HDM [27]
where the minimal flavor violation is ensured by assuming pro-
portionality between the matrices of Yukawa couplings to the two 
Higgs doublets.

The Yukawa interaction Lagrangian for the neutral currents can 
be written as [15],

2 We remind the reader that gH V V = 2 cos(β − α)m2
V /v and ghV V = 2 sin(β −

α)m2
V /v .
Table 2
Couplings appearing in the lagrangian (14) for the models of type I, II, Lepton-
specific (X ) and Flipped (Z ) [15].

Model Type I Type II Type X Type Z

C Au cotβ cotβ cotβ cotβ

C Ad − cotβ tanβ − cotβ tanβ

C A − cotβ tanβ tanβ − cotβ

Lnc
Y = −

∑
f =u,d,

m f

v

(
Chf f̄ f h + C H f f̄ f H − iC A f f̄ γ5 f A

)
,

(14)

where the sum runs over up- and down-type quarks, as well as 
leptons. Here we focus on the coupling C A f which depends on 
tanβ and is given for various types of 2HDM in Table 2.

With this in mind, the expression for the decay width of the 
CP-odd Higgs to two fermions reads,

�(A → f f̄ ) = Nc
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|C A f |2
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f

v2

√
m2

A − 4m2
f (15)

where Nc = 3 for quarks, and 1 otherwise. Quite obviously the full 
width �(A) will be highly dominated by the top quark. As for the 
decay to two photons, one has [28],
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where the triangle loop induces the factor,
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The expression for the decay width of A → Zγ reads [29],

�(A → Zγ ) = α2m3
A Nc

384v2π3
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1 − (8/3) sin2 θw
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1 − m2
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m2
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,

(18)

and its contribution to the full decay width is smaller than the 
other modes discussed above.

In Fig. 2 we plot the partial decay width for A → tt̄ , A → bb̄, 
A → ττ , A → γ γ and A → Zγ for all four types of the 2HDM dis-
cussed here. As expected, the A → tt̄ mode is largely dominant and 
essentially saturates the width of the CP-odd Higgs boson, �(A), 
the results of which are given in Table 3 for four different values of 
tanβ . Since the experimenters are searching for the A → ττ mode, 
in the same table we also give the values of B(A → ττ ) for all four 
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Fig. 2. Partial decay widths as functions of tanβ for all four types of 2HDM considered in this paper. Full decay width is depicted by the dashed curve and it is most often 
indistinguishable from �(A → tt̄).

Table 3
Results for the decay width of the CP-odd Higgs boson of mass mA = 750(30) GeV, for four different values of tanβ discussed in the previous section, and for four different 
types of 2HDM. Furthermore we give the branching fraction of the A → ττ and H− → τ ν̄ decay modes. The value of mH− is varied within the bounds quoted in Eq. (13).

Type I Type II Type X Type Z

tanβ = 1
�(A) [GeV] 39.3 39.3 39.3 39.3
B(A → ττ ) 4.0 × 10−5 4.0 × 10−5 4.0 × 10−5 4.0 × 10−5

B(H− → τ ν̄) (1.1 − 1.6) × 10−4 (1.1 − 1.6) × 10−4 (1.1 − 1.6) × 10−4 (1.1 − 1.6) × 10−4

tanβ = 2
�(A) [GeV] 9.8 10.0 9.8 9.9
B(A → ττ ) 4.0 × 10−5 6.2 × 10−4 6.2 × 10−4 4.0 × 10−5

B(H− → τ ν̄) (1.1 − 1.6) × 10−4 (1.8 − 2.5) × 10−3 (1.8 − 2.5) × 10−3 (1.1 − 1.6) × 10−4

tanβ = 5
�(A) [GeV] 1.6 2.5 1.6 2.4
B(A → ττ ) 4.0 × 10−5 1.6 × 10−2 1.6 × 10−2 2.6 × 10−5

B(H− → τ ν̄) (1.1 − 1.6) × 10−4 (4.5 − 6.4) × 10−2 (6.5 − 9.1) × 10−2 (7.6 − 11) × 10−5

tanβ = 10
�(A) [GeV] 0.4 4.0 0.6 3.8
B(A → ττ ) 4.0 × 10−5 3.9 × 10−2 3.9 × 10−2 4.1 × 10−6

B(H− → τ ν̄) (1.1 − 1.6) × 10−4 (1.1 − 1.6) × 10−1 (5.3 − 6.2) × 10−1 (1.3 − 1.9) × 10−5
types of 2HDM considered here. It is worth emphasizing that for 
small values of tan β the width �(A) is quite large and can accom-
modate the observation made by ATLAS, namely that the better fits 
are obtained for the new resonance having a width ∼40 GeV. Sim-
ilar conclusion holds true for the H boson, the coupling of which 
to tt̄ is proportional to 1/ tan β for small cos(β − α).

Finally, with the above ingredients we can also compute the 
dominant decay channel H± → tb, the decay width of which is 
given by,

�(H± → tb) = 1

8π

|Vtb|2
v2

(
C2

Abm2
b + C2

Atm
2
t

− 4C At C Ab
m2

bm2
t

m2
H± − m2

t

)
(m2

H± − m2
t )2

m3
H±

, (19)

while for the leptonic decay we have
�(H± → ν̄) = mH±

8π

(
C Am

v

)2

. (20)

The results for the branching fraction B(H± → τντ ) are given in 
Table 3. Before concluding this Section we would like to empha-
size once again that the bounds on the Higgs states are derived by 
considering the general theoretical arguments. The most significant 
bound comes from the tree-level unitarity constraints (10), and the 
effects of heavy fermions (beyond the Standard Model) would en-
ter only through loops and are therefore unlikely to significantly 
alter the statements we made about the Higgs states.

4. Electroweak precision tests

As it is well known, the additional scalar states present in a 
2HDM contribute to the gauge bosons vacuum polarizations, and 
are as such constrained by electroweak precision data. The scalar 
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Fig. 3. Allowed region by the S , T and U parameters at 99% CL.

contributions to the Peskin–Takeuchi parameters S , T , and U for 
the 2HDM case can be found e.g. in Ref. [30]. In order to compute 
the related bounds on the spectrum, we used the latest Gfitter val-
ues for the best fit, uncertainties and covariance matrix [31],

�S S M = 0.05 ± 0.11,

�T S M = 0.09 ± 0.13,

�U S M = 0.01 ± 0.11,

V =
⎛
⎝ 1 0.90 −0.59

0.90 1 −0.83
−0.59 −0.83 1

⎞
⎠ ,

(21)

composing the χ2 function as

χ2 =
∑
i, j

(Xi − XSM
i )(σ 2)−1

i j (X j − XSM
j ), (22)

with Xi = �S, �T , �U and the covariance matrix σ 2
i j ≡ σi V i jσ j , in 

which (σ1, σ2, σ3) = (0.11, 0.13, 0.11).
In Fig. 3 we show the region allowed at 99% CL by electroweak 

precision data in the plane mH versus mH± . Since the coupling 
between the additional scalars and the gauge bosons depend on 
cos(β − α) (see footnote 2), we present two representative cases: 
cos(β −α) = 0 and cos(β −α) = 0.3, which according to Sec. 2, are 
the minimum and maximum value allowed by our scan. Note that 
most of the points which were previously allowed, Fig. 1, are still 
not excluded. Let us stress that, as already pointed out in the in-
troduction, additional states which may be needed to increase the 
production cross section σ(gg → A) may affect significantly Fig. 3, 
but in a model dependent way. The analysis of the electroweak 
precision measurements in these extended models must be done 
case by case, and is beyond the scope of the paper.

5. Low energy physics observables

Since the charged Higgs boson is now fully bounded [cf. 
Eq. (13)], the contribution from the charged Higgs can modify the 
low energy decay rates of the leptonic and semileptonic processes 
which generally agree with the Standard Model predictions within 
the error bars. To that end we add a term involving the couplings 
to the scalar sector to the effective Hamiltonian of the Standard 
Model at low energies, namely

Heff = √
2G F V ud

[
(uγμd)(Lγ

μνL) + gS(μ)(ud)(RνL)

+ gP (μ)(uγ 5d)(Rγ 5νL)
]
+ h.c., (23)
where u and d stand for the generic up- and down-type quark 
flavor. Using this Hamiltonian one can easily compute the semilep-
tonic and the leptonic decay rates for the specific channels, e.g. 
B → Dτντ and B → τντ , and we obtain
dB

dq2
(B → Dτντ )

= τB G2
F

192π3m3
B

|V cb|2| f+(q2)|2

×
[

c+(q2) + c0(q
2)

(
1 + gS

q2

mτ (mb − mc)

)2 ∣∣∣∣ f0(q2)

f+(q2)
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2]

,

B(B → τντ )

= τB
G2

F mBm2
τ

8π
|V ub|2 f 2

B

(
1 − m2

τ

m2
B

)2 (
1 − gP
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B

mτ mb

)2

, (24)

with τB being the B-meson lifetime, m2
τ ≤ q2 ≤ (mB − mD)2,

c+(q2) = λ3/2(q2)q2

[
1 − 3

2
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τ

q2
+ 1

2

(
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τ
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)3]
,
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B
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(
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D

m2
B

)2

, (25)

and λ(q2) = [q2 − (mB + mD)2][q2 − (mB − mD)2]. The decay con-
stant ( f B ) and the form factors [ f+,0(q2)] are defined via,

〈0|ūγμγ5b|B(p)〉 = i f B pμ,

〈D(p′)|c̄γμb|B(p)〉 =
(

pμ + p′
μ − m2

B − m2
D

q2
qμ

)
f+(q2)

+ m2
B − m2

D

q2
qμ f0(q

2). (26)

Notice that we consider the pseudoscalar to pseudoscalar me-
son decay for which the decay form factors are better controlled 
through numerical simulations of QCD on the lattice [32]. As it 
can be seen from the above expressions, for gS,P �= 0 the helicity 
suppression is lifted and the contribution coming from coupling to 
the charged scalar could be important. The explicit expressions for 
gS,P , in terms of the quark and lepton masses as well as mH± and 
tanβ , in various types of 2HDM read:

Type gS gP

I − m

m2
H±

(md − mu) cot2 β
m

m2
H±

(md + mu) cot2 β

II − m

m2
H±

(mu + md tan2 β) − m

m2
H±

(mu − md tan2 β)

X
m

m2
H±

(md − mu) − mτ

m2
H±

(md + mu)

Z
m

m2
H±

(md + mu cot2 β) − m

m2
H±

(md − mu cot2 β)

By averaging the values obtained by BaBar [33] and Belle [34], 
we have B(B → τντ ) = 1.44(32) × 10−4, which we then combine 
with f B = 188(6) MeV [32], and V ub = 3.6(1) × 10−3 as obtained 
from the global fit by UTfit and CKM-fitter [35], to conclude that 
for all types of 2HDM considered here the resulting value for 
B(B → τντ )2HDM is consistent with experiment and is practically 
indistinguishable from the Standard Model predictions. Only for 
large values of tan β � 20 the B(B → τντ )2HDM may differ consid-
erably from B(B → τντ )SM if the Type II 2HDM is adopted. That 
situation, however, is not of interest for our purpose since our scan 
does not allow tan β > 15. A plot of the resulting B(B → τντ )2HDM
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Fig. 4. B(B → τντ ) and R D are computed in the Type II 2HDM using mH± = 400 GeV and mH± = 1 TeV, and it is compared to the experimental values (gray bands) at 
2σ -level. Central experimental values are depicted by the full horizontal lines. The band showing deviation from the Standard Model for large values of tanβ , in both plots, 
corresponds to mH± = 400 GeV. The hatched stripes, instead, correspond to low tanβ � 0.7, excluded by B(Bs → μ+μ−).

Fig. 5. In the left plot we superpose the results of Sec. 5 and the scan of allowed points presented in Fig. 1: very low tan β are forbidden by B(Bs → μμ) whereas the 
constraint from B → τν is model dependent and in Type II 2HDM it results in eliminating the large values of tanβ for lower mH± , region already excluded by our scan 
made in Sec. 2. In the right plot we superpose the results of Sec. 4 and the plot presented in Fig. 1: we see that the electroweak precision data further restrict the region of 
allowed masses although, broadly speaking, the bounds we derived in Sec. 2 remains unchanged.
as a function of tan β is shown in Fig. 4 for the extreme values 
of charged Higgs boson, mH± = 400 GeV and mH± = 1 TeV, and 
compared to the experimental value at 2σ -level. In the case of 
B(Ds → τντ )2HDM all types of 2HDM remain perfectly consistent 
with the Standard Model prediction which agrees with the experi-
mentally established B(Ds → τντ ) = 5.54(24) × 10−2 [1].

As for the semileptonic decay, we consider the ratio R D =
B(B → Dτντ )/B(B → Dμνμ) in which a significant part of the-
oretical uncertainties cancel. Its value has been measured in three 
experiments [36–38] leading to an average of R D = 0.41(5). That 
result is consistent with the SM value, RSM

D = 0.31(2) [39], at less 
than 2σ -level and also with the 2HDM scenarios discussed here. 
Like in the case of leptonic decay, only in the Type II model at 
moderately large values of tan β one can see a small deviation 
with respect to the Standard Model, as shown in Fig. 4. That 
deviation is however too small to be probed experimentally for 
tan β < 15. As for the loop induced processes, one extra constraint 
can be obtained from the comparison between the experimentally 
established B(Bs → μ+μ−)exp =

(
2.8+0.7

−0.6

)
× 10−9 [40] with the 

Standard Model prediction [41] leading to

Rsμ ≡ B(Bs → μ+μ−)

B(Bs → μ+μ−)SM
, and Rexp

sμ = 0.76+0.20
−0.18. (27)

Using, instead of the Standard Model, the expressions for Wilson 
coefficients computed in a generic 2HDM [42] leads to the exclu-
sion bound on the very low tan β � 0.7, as shown in Fig. 4.

6. Conclusion

In this paper we showed that the CP-odd Higgs is a plausi-
ble candidate for the resonance observed by both the CMS and 
the ATLAS experiments at LHC in the diphoton spectrum around 
750 GeV. From the general considerations in the framework of 
2HDM, and after fixing mh = 125.7(4) GeV and mA = 750(30) GeV, 
we find the upper and lower bounds to the masses of the remain-
ing two Higgs bosons, namely

400 GeV � mH± � 1 TeV, 200 GeV � mH � 1 TeV. (28)

From our scan, in which we used the general constraints spelled 
out in Eqs. (7)–(10), we also find that the preferred values of 
tan β are relatively small, tan β < 15, with most of the points 
concentrated in the region tan β < 5. The width of the CP-odd 
Higgs is dominated by the A → tt̄ mode and its value signifi-
cantly depends on tan β . We find that the width can be large [as 
large as �(A) � 40 GeV, for tanβ = 1]. Furthermore, we find that 
| cos(β − α)| � 0.3, i.e. not far from the Standard Model, and in 
agreement with the results of the SFitter analysis [20], and with 
the direct searches [21,22].

We then checked that for the range of tan β and mH± obtained 
from our scan, the semileptonic and leptonic decay modes are not 
significantly modified with respect to the Standard Model predic-
tions. We also checked that the spectrum of the 2HDM considered 
here is fully consistent with electroweak precision data encoded in 
the S , T , U parameters.

The plots, in which all the constraints considered in this pa-
per are included, are presented in Fig. 5. Notice in particular 
that B(B → τντ ) and R D provide very similar bounds in the 
(tan β, mH±) plane for mH± ∈ (0.4, 1) TeV. They, at best, exclude 
the large values of tan β in the Type II model, otherwise they are 
insensitive to the parameter space (small tan β) we are considering 
here. B(Bs → μ+μ−), instead, provides an important constraint, 
i.e. exclusion of the very small values of tan β . Since that last con-
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straint involves coupling to the top-quark, it is independent of the 
type of the 2HDM.

Finally, we need to stress once again that our ambition was not 
to provide a full scenario of physics beyond the Standard Model. 
Rather, we merely attempt whether or not the recent experimental 
hint of the excess at LHC can be consistent with the interpreta-
tion of the CP-odd Higgs in the general framework of 2HDM. We 
find that scenario plausible and the repercussions on the remaining 
Higgs bosons look quite appealing because they can be either con-
firmed or refuted experimentally quite soon. Since the announce-
ment of the LHC results [2] many authors discussed σ(gg →
X)B(X → γ γ ), where X stands for the resonance we claim to be 
consistent with the CP-odd Higgs, being larger than expected in 
the 2HDM alone. At this point one should be careful about inter-
pretation of such results because: (a) they are not published or 
publicly announced, and (b) a careful study of the signal strength 
and of the signal-background interference, including the appropri-
ate cuts, is mandatory. The conclusion we reached here is solely 
based on considerations of the spectrum of scalars and it cannot 
be significantly changed in the presence of additional fermionic 
degrees of freedom, assuming the mixing between the Standard 
Model fermions and the extra heavy fermions is indeed small.
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