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ABSTRACT: The Higgs boson could provide the key to discover new physics at the Large
Hadron Collider. We investigate novel decays of the Standard Model (SM) Higgs boson into
leptophobic gauge bosons which can be light in agreement with all experimental constraints.
We study the associated production of the SM Higgs and the leptophobic gauge boson that
could be crucial to test the existence of a leptophobic force. Our results demonstrate that
it is possible to have a simple gauge extension of the SM at the low scale, without assuming
very small couplings and in agreement with all the experimental bounds that can be probed
at the LHC.
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1 Introduction

The discovery of the Standard Model (SM) Higgs boson with a mass of 125GeV at the
Large Hadron Collider (LHC) [1, 2] can be considered one of the most important discoveries
in physics. We now understand how most of the elementary particles acquire mass through
the Higgs mechanism and how the electroweak symmetry is spontaneously broken in nature.
Thanks to the great effort of the experimental collaborations at the LHC we know well
the properties of the SM Higgs and there exist experimental constraints on its decays and
production mechanisms, see for example ref. [3] for a detailed discussion.

The Higgs boson could open a door to a new physics sector since it can have new
interactions that can provide information about a theory for physics beyond the Standard
Model. The LHC could discover new decays and/or production channels for the Higgs boson
and combining different searches we could have access to new interactions and discover new
particles with masses below the TeV scale. See ref. [4] for a report on future studies at
the LHC.

In this article, we investigate new possible decays and production mechanisms of the
Higgs boson due to the existence of a new interaction with a leptophobic gauge boson. A
leptophobic gauge boson is predicted in simple theories where baryon number is a local
gauge symmetry [5-8] spontaneously broken at the low scale. See refs. [9-11] for realistic
models predicting a leptophobic gauge boson and ref. [12] for a review. In our studies we
show that one can have a large branching ratio for the Higgs decays into two leptophobic
gauge bosons if they are kinematically allowed. The leptophobic gauge boson can be light



with mass below the electroweak scale in agreement with all experimental bounds and
without assuming a very small gauge coupling.

When the new Higgs decays are highly suppressed or not allowed we investigate the
associated Higgs-leptophobic gauge boson production mechanism at the LHC. We find
that, using this production mechanism, one can obtain large number of events with multi-
photons and two quarks that can be used to test the existence of a new interaction of the
Higgs boson with this new gauge boson. As in the case of the Higgs decays, the production
cross-sections can be generically large due to the fact that the leptophobic gauge boson can
be light in agreement with all experimental bounds. The possible existence of a leptophobic
gauge boson at the low scale tells us that a gauge theory where baryon number is a local
symmetry [8-11] can describe physics below the TeV scale.

This article is organized as follows: in section 2, we review all current collider con-
straints on a leptophobic gauge boson and discuss the impact of these bounds on the
predictions for production cross-sections at the LHC. In section 3, we show the predictions
for the new Higgs decay channels into two leptophobic gauge bosons taking into account all
the experimental constraints. In section 4, we discuss the associated production channel
proton-proton to the leptophobic gauge boson and the SM Higgs, pp — Z5 — Zgh, and
investigate the different signatures at the LHC. We present our conclusions in section 5.
Appendices A and B contain analytic results for all the processes considered in this work.
In appendix C, we discuss the bounds on the kinetic mixing between the Z and the new
gauge boson.

2 Leptophobic gauge boson at the LHC

In simple extensions of the SM where baryon number is a local symmetry [8-11] spon-
taneously broken one predicts the existence of a leptophobic gauge boson Zp. For phe-
nomenological studies of these models and dark matter see refs. [13—-17], while for a mech-
anism for baryogenesis in this scenario see ref. [18]. The coupling between the SM quarks
and Zp in our convention is given by

_ .9B
AR —ngy“. (2.1)

As we show in the following, the local baryon number can be broken at the low scale, even
at energies below the electroweak scale.

The main strategy to search for a heavy Zp at the LHC is by looking for a dijet
resonance. However, at low masses this search loses sensitivity due to the large QCD
backgrounds. Nonetheless, recent experimental searches for a boosted leptophobic gauge
boson decaying into jets along with initial state radiation of a photon have been performed
at CMS to place exclusion bounds down to a mass of 10 GeV for Zp [19]. This further
motivates a study in the low mass region.

In figure 1 we summarize the current collider bounds for the leptophobic gauge boson
in the gp — Mz, plane. As this figure shows, there is a large region in the parameter space
that remains unconstrained. Specifically, for a light Zp with mass between 25 and 50 GeV
< 0.1,

~

the gauge coupling can take relatively large values. For smaller couplings, i.e. gp
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Figure 1. Experimental bounds for the leptophobic gauge boson Zg. Here, we use the CMS
analyses (8 TeV and 18.8fb™" [20], 8 TeV and 19.7fb~! [21], 13 TeV and 35.9fb~* [19, 22] and
41.1fb~ " [22], 13 TeV and 36fh~* & 27fb~" [23], 13 TeV and 18.3fb~* [24]), and ATLAS results
(13 TeV and 3.6fb~" and 29.3fb™" [25]).
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Figure 2. Left panel: decay width of the Zp boson as a function of its mass. The regions
highlighted in red are excluded by searches at the LHC. To the right of the dashed vertical line the
decay channel Zg — tt is open. Right panel: contour lines for the decay width of the Zg boson in
the gp vs. Mz, plane.

almost any value in the window 25GeV < Mz, < 1TeV is allowed. Therefore, there
is hope to produce this gauge boson at the LHC with large cross-sections and study its
properties.

In the left panel in figure 2 we show the decay width of Zp for different values of the
gauge coupling gp as a function of its mass. In red we show the regions that are ruled out
by the collider bounds shown in figure 1. From this we can infer which are the allowed
values for the decay width of the leptophobic gauge boson. Moreover, with this information
of the decay width we can predict the different cross-sections relevant for different collider
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Figure 3. Production cross-sections at the LHC for center-of-mass energy of 14 TeV in units of
picobarns, we fixed gg =0.2. On the right side of the vertical axis we show the expected number
of events assuming 300 fb~! for the integrated luminosity. The regions shaded in gray are excluded
by LHC searches for the Zp boson.

searches. In the right panel in figure 2 we present contours of I' 7, in the gg vs. Mz, plane.
The region shaded in red is excluded by collider searches of the Zp and we conclude that
a I'z, of order GeV is already mostly excluded.

In figure 3 we present our results for the production cross-section for different chan-
nels that involve at least one Zp, fixing the gauge coupling to gg = 0.2. These results
correspond to the LHC with center-of-mass energy of 14 TeV and the number of events
shown on the right vertical axis corresponds to an integrated luminosity of 300 fb~!. The
model has been implemented in FeynRules 2.0 [26] and the cross-sections obtained using
MadGraph5aMCONLO - v2.7.0 [27], we cross-checked our results in a Mathematica note-
book and the use of the MSTW2008 [28] set of parton distribution functions. In appen-
dices A and B we provide analytic results for all the processes we have considered.

From figure 3 one can see that the dijet cross-section dominates across the plot, and
in the region My, > 2M; the process pp — Zp — tt can be large as well. The process
pp — Zpq can be significant, since there is a large contribution from the parton distribution
function of the gluon in the initial state. For the pp — Zp~, Zpq and Zgg channels we
impose the following cuts on the rapidity and the transverse momentum: |n| < 2.5, and
pr > 150 GeV. These three channels are relevant for searches in the low mass regime.

3 Exotic decays of the SM-like Higgs

In extensions of the SM with a leptophobic gauge boson [8-11], its mass generation comes
from the vacuum expectation of a new Higgs boson with non-zero baryon number, and
hence, the models have two Higgs scalars that can mix with each other. After spontaneous
symmetry breaking, the SM-like Higgs will have the following coupling to the leptophobic
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where 0p is the mixing angle in the scalar sector, Mz, = Qpgpvp and @p is the baryon
number of the second scalar. Since the leptophobic gauge boson can be light, the SM-like
Higgs can have the following decays

h — ZBZB, ZEZB,

depending on the Zp mass, see figure 4. In order to calculate these decays one needs to
know the coupling between the SM quarks and the Zg. Notice that the couplings between
the SM-like Higgs and SM particles will scale by a factor cosfp. With this information
we can calculate the impact of these novel decays of the SM-like Higgs by computing the
total Higgs decay width I'y, = cos? @gT'sy + I'esm, where in our case I'pgy corresponds to
the decays into two leptophobic gauge bosons.

Collider searches of a new scalar mixing with the SM Higgs combined with measure-
ments of the SM Higgs properties provide constraints on the mixing angle. In our study
we take the bound sinfp < 0.3 [29]. Current LHC measurements of the properties of
the SM-like Higgs boson give the following constraint on its branching ratio into BSM
particles [30]

BR(h — BSM) < 0.34 at 95% CL, (3.2)

which is obtained assuming the production of the Higgs in the SM. Therefore, we scale the
bound by the ratio between the production cross-section for the Higgs in the SM with the
one in this model, which is given by BR(h — BSM) < 0.34 x (o3™ /0,) = 0.34/ cos? 0p.
We have computed the two-body and three-body decays and provide analytic expres-
sions in appendix A. In figure 5 we present our results for the branching ratios for the decay
channels h - ZpZp and h — Zpqq of the SM Higgs. The latter includes both, the on-shell
and the off-shell contribution from the Zp. In the region with Mz, < M;,/2 ~ 62.5GeV
the channel h — ZpZp becomes the dominant decay channel and the Higgs decay width
can become of order GeV. In this region the bound on BR(h — BSM) < 0.34 gives a strong
constraint shown by the area shaded in red. The gray band in this figure corresponds to the
exclusion bounds from direct searches for the Zg boson at the LHC discussed in section 2.
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Figure 5. Branching ratios for the channels h - ZgZp and h — ZgZ}, — Zpqq. The left (right)
panel corresponds to gg = 0.2 and sinfg = 0.1 (sinfp = 0.05). The region shaded in red shows
the exclusion bounds from the constraint on the SM-like Higgs branching ratio BR(h — BSM)
0.34. The region shaded in gray corresponds to the exclusion bounds from direct searches for the
Zp boson at the LHC.

On the other hand, when Mz, > M}, /2 the two-body decay is kinematically closed and
the three-body decay gives a much smaller contribution to the Higgs width. In this regime,
experiments can search for the associated Higgs Zp production to probe the existence of
these interactions, as we discuss in the following section.

The experimental bound on the branching ratio of Higgs decays to BSM particles can
be translated to the gp vs. Mz, plane. Nevertheless, we note that this bound also depends
on the scalar mixing. In figure 6 we present our results for two different mixing angles. For
sinf@p = 0.1 this constraint is strong in the region My, < M}, /2 and excludes gg 2 0.03 for
Mz, = 25GeV. In order to relax this bound one needs to go to very small mixing angles,
sinfp < 0.05, as shown in the right panel. It is important to emphasize that the SM-like
Higgs can have a large branching ratio into two leptophobic gauge bosons in agreement

with all current experimental bounds.

4 Higgs-leptophobic gauge boson associated production

In the previous section we discussed the possible new Higgs decays due to the existence of
a leptophobic gauge boson. In the scenarios where these Higgs decays are not allowed or
highly suppressed, one can study the associated production

pp— Zp— Zp h,

to test the existence of the new h — Zg — Zp interaction. See figure 8 for the relevant
Feynman graph.

The production cross-section for this process is given by eq. (B.4). In figure 7 we
show the numerical predictions for the associated production p p — Z5 — Zp h in the
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Figure 6. Exclusion bounds in the gp vs. Mz, plane. The region shaded in red shows the exclusion
bounds from the constraint on the SM-like Higgs branching ratio BR(h — ZpZp) < 0.34, while the
blue dashed line corresponds to BR(h — ZgZp) = 0.1. The region shaded in gray is excluded by
searches for the Zp at the LHC. The left (right) panel corresponds to sinfp = 0.1 (sinfp = 0.05).

gB — Mz, plane, in the maximal mixing scenario where sinflp = 0.3 and with center-of-
mass energy of /s = 14 TeV. The region shaded in red is excluded by the experimental
bound on the branching ratio of the SM Higgs into BSM particles discussed in the previous
section. The different colored dotted regions correspond to the predictions in different
ranges: 0 < 0.1fb (blue dots), 0.1fb < o < 1fb (orange dots), 1fb < ¢ < 10fb (yellow
dots), 10fb < o < 100fb (cyan dots), and o > 100fb (purple dots). The production cross-
section can easily be in the tens of femtobarns which is not too far from the pp — Zh cross-
section of 990.33 fb in the SM [31]. The region shaded in gray is excluded by the collider
bounds discussed in section 2. The associated cross-section is proportional to sin6p.
Therefore, although in the above figure we show only the predictions for sin g = 0.3, one
can easily find the predictions values for other mixing angles. It is important to mention
that the associated production can be significant due to the fact that the gauge coupling
can be large and the mass of the leptophobic gauge boson can be below the electroweak
scale.

Knowing the possible h and Zp decays we can show the predictions for the number of
events at the LHC for the following channels:

vy tt, v bb, ¥y 79, bbbb, bbtt, and bbjj.
The number of events for each of these channels is given by
Nevents(xZyy) = L x o(pp = Z5 — Zp h) x BR(h — zz) x BR(Zp — yy). (4.1)

In figure 9 we show the predictions for the expected number of events assuming that the
integrated luminosity is £ = 3000fb~! as planned for the High-Luminosity LHC [32], and
using the maximal allowed value for the mixing angle sinfp = 0.3. The gray regions in
figure 9 are excluded by the collider bounds discussed in section 2, while the regions in red
are excluded by the experimental bound on the branching ratio of SM Higgs exotic decays.
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Figure 7. Predictions for the associated production cross-section p p — Z3 — Zp h at the LHC
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Figure 8. Associated Zg — h production channel.

The Zh associated production has been measured at ATLAS [33] and CMS [34], and
a similar technique can be used to make the reconstruction of the processes in figure 9.
However, in our case the Zg decays only to quarks and then the QCD background is more
challenging. For example, the largest number of events is for the channel: pp — Zgh —
jjbb. In this case two b jets should have an invariant mass around the Higgs mass of
125 GeV. Furthermore, the large pr of the Higgs or the gauge boson can help discriminate
the signal with respect to the background [35]. A dedicated analysis for these signatures
is required but it is beyond the scope of this article.

5 Summary

The SM Higgs boson can open a doorway to new physics and there is a chance to discover
a new sector from the existence of new interactions with the Higgs. In this article, we
investigated the possibility that the Higgs can have a new interaction with a leptophobic
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assuming that the integrated luminosity is £ = 3000fb~* and using the maximal allowed value for
the mixing angle sin §g = 0.3. We show the number of events for the most relevant channels: v tt,
vy bb, vy jj, bbbb, bbtt, and bbjj. The gray region is excluded by the LHC bounds, while the red
region is excluded by the bound on the branching ratio of the new Higgs decays.
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Figure 10. Leptophobic gauge boson decay.

gauge boson. In this scenario, Higgs decays can have a large branching ratio into two
leptophobic gauge bosons if they are kinematically allowed. The leptophobic gauge boson
can be very light, with mass below the electroweak scale, in agreement with all experimental
bounds and without assuming a very small gauge coupling.

In the case where the new Higgs decays are highly suppressed or not allowed, we
investigated the associated production of the Higgs and the leptophobic gauge boson at
the LHC. We showed that this channel can lead to a large number of events with multi-
photons and two quarks, which can be used to probe the existence of the interaction of the
Higgs with the new gauge boson. As in the case of the exotic Higgs decays, the production
cross-sections can be generically large due to the fact that the leptophobic gauge boson
can be light in agreement with all experimental bounds. It is relevant to mention that the
possible existence of a leptophobic gauge boson at the low scale tells us that it is possible
to have a simple gauge theory where baryon number is a local gauge symmetry [8—11]
describing physics below the TeV scale.
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A Decays widths

e Leptophobic Gauge Boson.
The partial decay width of the leptophobic gauge boson Zp with mass Mz, is
given by

2 2 2

~ gA My AM oM

['(Zp — Gq) = %%B 1— MQ" (1 + M2q , (A1)
Zg Zg

where M, is the mass of a given quark.

~10 -



e New Higgs Decays.
The width for the new two-body decays, h — ZpZpg, of the SM Higgs boson is

GBM}? sin0p
1627

with z = M7 _/M} and Gp = 1/(v/20%).
The three-body decay, h — Zg(p1) q¢(p2) G(ps3), is given by

I'(h — ZpZp) = V1—dz (1 -4z +122%), (A.2)

ma.

T(h — Z5qq Lo ™ s [Ah = g0z, (A3
( — qu)_w?ﬂMg/pgn plz/p?gn p23| ( — qq B)‘- ( .)

Neglecting the quark masses we have that

Pt =Mz, pis> = Mg, (A.4)
. 1
poin =, PR = E(m — M3, )(M} — pi2), (A.5)

where p;; = (p; + p;j)? and the spin-averaged squared amplitude is given by

B §g% M%B sin2 93

— 9,2
3up ((p23 - M3 )*+ M%BIQZB)

[A(h = q9Z5)|?

(P12 — M3 ) (M} — p12 — pa23)
X (]923 + Z M2h . (A.6)
ZB
B Production cross-sections
The hadronic production cross-section reads as
Lodck?
70 > XY)() = [ a0 olag > XV)(6) (B.1)
T0 T
where 0(qq — XY')(8) corresponds to the partonic cross-section and
acr? Ldx T T
qu = /7— ? [fq/p (ma/‘) fq/p <;aﬂ) + fq/p (57”) fq/p (x,y)} . (B'2)

The parameter 7 = §/s, where § is the partonic center-of-mass energy squared, s is the
hadronic center-of-mass energy squared, 7o = (My + My )?/s is the production threshold,
and p is the factorization scale. In what follows we give the analytic results for the partonic

cross-sections.

e Di-quark production.
The di-quark production cross-section through the leptophobic gauge boson,

q — Zp — qq,

- 11 -



q q

Figure 11. Di-quark production channel.

is given by

9B/ =AM (2M2 + 3) B3

o(qq = Zp — qq)(5) = 7

where we have neglected the quark masses in the initial state.
Associated production.
The associated Zp — h production,

pp — Zp — Zph,

is relevant to test the existence of the new Higgs interaction with the leptophobic
gauge boson.
The cross-section at the partonic level is given by

R R 1/2
-  ghsin?ap |52 25(M2, + ME) + (M2, - MP)’]
o(Ge = Zp = Zph)(3) = = 12 N2 2 12
|:(S_MZB) +MZBFZB:|
x [82+25(5M3, — Mp) + (M3, — Mp)?], (B.4)

where the U(1)p charge of the new scalar is taken as Qg = 3 as in the minimal
models [8-11].

Di-boson production.
Taking the quarks to be massless, the cross-section for the process q¢ — ZpV
where V=2, W*, Zp is given by

n 2 2 2
ola > ZpV)(s) = =2 1([%;4; %) -2V ()

e P R R OR )
s—MZ—MZ S\ F(s) — s+ M2 + M2
\V Zg S S+ V+ Zg

where the overall factor n = 1(= 1/2) corresponds to having distinguishable (indis-

(B.5)

tinguishable) particles in the final state,

f(s) = My, —2M3 (M3, +s) + (M3, — s)?, (B.6)

- 12 —
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Figure 12. Di-boson production channels.

and the coefficients Cy and Cy4 correspond to the vector and axial couplings of the
gauge bosons respectively,

92 L3 i 2 92 3
Zp7 : = =17 — 0 Cp=—"="--T B.7
5Z: Cy cos Oy (2 ¢~ Qqsin W) A 2cos by 1 (B-1)
92 92
ZgWH: Oy = 22, Ca= - B8
B =50 YT 05 (B.8)
ZpZp: Cy = %B, Cs = 0. (B.9)

e For the process q@ — Zp~ the averaged squared amplitude is given by,

_ 2e2Q2 g4 [My —2M2 t+ s+ 2t(s + 1))
_ 2 B Z Z

Mg — Zp7)|” = : TIOE, — 5= 1) : (B.10)
B

where @), corresponds to the electric charge of the quark. In order to compute the
proton-proton cross-section we include the cuts on the transverse momentum and the
rapidity of the photon (also gluon and quark) as it is explained in the main text.

e For the process q¢ — Zpg we have

. 892 g4[My —2M2 t+ 52+ 2t(s + 1))
_ 2 SJIB Z Z
B

where gg corresponds to the strong coupling the SM.

e For the process qg — Zpq, the averaged squared amplitude is given by

2 2 2
o 2 2 gt My, —2Mj s+ 25" +2st +t
[Mlag = Zpo)|” = =02 Gl M2 :

Zp

(B.12)

and we follow the same procedure as above to compute the proton-proton cross-
section.

~13 -
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Figure 13. Feyman graphs for g¢ — Zpq.

C Constraints from kinetic mixing

In this appendix, we study the kinetic mixing between the U(1)y and U(1)p gauge bosons,
see refs. [8-11] for realistic theories where baryon number is a local gauge symmetry. This
parameter can be constrained by studying the properties of the Z boson in the SM, see
e.g. [36, 37]. The most general Lagrangian that can be written under the gauge group
SU3). ® SU(2)r, ® U(1l)y ® U(1)p involving the neutral gauge bosons of the theory is
given by

1 1 1 i
£S5~ BuB" = JTr W, W — 2B, B" - %BHVB"“’
1 1
+ 5 (92Wau — 91Bu)(gaWh' — g1 B*)ug + §MQB/B,§B,“ (C.1)

—> " [ (YEPL + YAPR) By + g2 PLT Wau| ¥ + g8 Y 07" Qi B,

(]

where Y7, /p are the hypercharges of the left/right-handed fields interacting with the hy-
percharge gauge boson B, Qg = 1/3 is the charge of the quarks under the baryon force,
pup = 3gpvp is the mass term generated after the spontaneously breaking of U(1)p and
sin € parametrizes the kinetic mixing between both Abelian gauge bosons B, and B;L.
There are different paths to bring the kinetic terms in the first line of eq. (C.1) to
an orthonormal form via a non-orthogonal transformation. For convenience, we choose
a change of basis that does not modify the well-known relation between the neutral SM
gauge bosons, this can be achieved through the following transformation of the B, and B;

fields:
B, 1 —tane B,
C.2
(BL) ~ (0 sec e > <B;L> (C2)

which renders the kinetic Lagrangian for the gauge bosons orthonormalized and leads to
the following mass terms

1
LD gvg (92W3y — g1(B,, — tan €B,,)) (92W3, — g1(B" — taneB™))

1
—i—i,u%/ sec” eB/, B'", (C.3)
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with the mass matrix in the neutral gauge boson basis (Wj’, B, BL)

. 9305 —g1 9203 g1 g2 tanevd

2

My=7| —g1920% gl —g2 tan e v : (C.4)
g1g2 tanevd  —gitanev? g3 tan? e v3 + 4u23, sec? €

Now, by rotating the W4 and B* fields as it is done in the SM,

B, \ (cos 0%, —sin 98[, A, (C.5)
W3, sin 9%/ Cos 08[, Cu 7 '
g2 g1

VaE+ a3 NCEX A

the photon decouples and we are left with the following mass matrix for the still unphysical

where

cos 0%, = and sin 9%, =

neutral gauge bosons C,, and BL:

1
2
My=710 (91 + 93)v3 Vot +g3gitanevd |- (C.6)
0 /97 + g% g1 tan e v 4u%, sec? € + g2 tan® e v}

The above mass matrix defines the angle of the final rotation towards the physical

basis,
Cu=cos&Z, +sing Zp, )
B/: = —sin§ Z, +cos§ Zp,
given by
tan2é = 201V/g7 + g5 tan € vg (C.8)
4p%, sec? e + g3 tan? evd — (g7 + g3)vE’
with the following eigenvalues defining their masses:
M3, =0, (C.9)

1 1
M%,ZB = 3 (9% sec” € + g%) v% + §MQB, sec? e

1
+ g\/(él;ﬂB, sec? e + (g% sec e + gg)v8)2 —16(g? + g5) %03 sec? e, (C.10)

as expected, in the limit ¢ — 0 we recover the original masses in the Lagrangian for Z
and Z B-
We can now apply the high precision measurement of the Z boson mass to constrain
the kinetic mixing parameter, sin e. The 1o uncertainty in the experimentally measured Z
boson mass is [3]
AMy; My — MM
MM MM

< 42.3x 1075, (C.11)
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Figure 14. Experimental constraint on the kinetic mixing, sin €, as a function of the Zg mass. We
have used the measurement of the Z boson mass.

and this can be used to constrain the shift induced by the kinetic mixing. In figure 14 we
show this constraint in the Mz, vs. sine€ plane; as can be seen, the kinetic mixing has to
be very small and it does not change the main results in our paper. Recently, the CMS [38]
and the LHCD [39] collaborations found stronger constraints for this mixing parameter for
Mz, < 200GeV by searching for the direct production of a new gauge boson.

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.
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