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We here consider a simple model with a hidden vector
Ad and a hidden scalar hd which gives rise to the cascade
decay

H → hdhd → 4Ad → 8f, (1)

where H is the SM-like Higgs at 125 GeV, and f are
Standard Model fermions. This was studied in detail
in [1]. The final state fermions can be leptons, making
this signature relatively background free if 5 or more are
leptons.

We consider the following hidden sector Lagrangian
added to the SM

Lhidden = −1

4
FµνFµν + |Dµhd|2 − V (h†dhd) , (2)

where hd is the hidden (or dark) sector Higgs, and Fµν
is the field strength tensor for the hidden U(1) gauge
boson Ad. The hd has unit charge under the hidden U(1).

V (h†dhd) is the usual wine bottle potential with negative
mass squared term so that hd gets a vacuum expectation
value (vev) even in the absence of portal operators. We
also add a portal Lagrangian:

Lportal =
ε

2 cos θw
FµνBµν + λh†dhdH

†H , (3)

where H is the SM Higgs and Bµν is the field strength
for SM hypercharge. Current limits on this model require
both λ and ε to be small, so we work to first order in both.
Detailed formulae for the mixings and couplings in this
model can be found, for example, in [2–4]. Here we state
the results for the processes of interest in our study.

Both the SM Higgs and the hidden Higgs get vevs in
the absence of the portal coupling:

〈hd〉 ≈
vd√

2
〈H〉 ≈ 1√

2

(
0
v

)
(4)

with v ≈ 246 GeV. The SM-like Higgs can to two hidden
Higgses mediated by the Higgs portal coupling with a
Higgs vev insertion

Γ(H → hdhd) =
λ2v2

32πmH

√
1−

4m2
hd

m2
H

. (5)
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This model can also have Higgs decay AdAd and to ZAd.
The branching ratio of the SM-like Higgs decay to hidden
scalars is given by:

BR(H → hdhd) ≈
Γ(H → hdhd)

ΓSM
H

≈ 0.1%

(
λ

10−3

)2

,

(6)
where the first approximation is that the hidden sector
does not significantly contribute to the total width, and
the second is assuming that the hidden scalar mass is well
below half the Higgs mass.

With this minimal hidden sector, the only decay of the
hidden Higgs that is not suppressed by small couplings is
that to two hidden vectors as long as it is kinematically
allowed. So in that regime

BR(hd → AdAd) ≈ 100%, mhd
> 2mAd

. (7)

The hidden vector couples to the electromagnetic cur-
rent with strength εe and thus couples democratically
to electromagnetic charge. It also couples to the Z cur-
rent, but that is suppressed by m2

Ad
/m2

Z which is small in
the region of parameter space we are interested in. The
branching ratio of the hidden vector to leptons (e and µ)
was calculated very precisely in [4] and is typically large
as long as mAd

is not near a QCD resonance.
From the computations in [4], we can also compute the

lifetime of the Ad very precisely, but in the range we are
interested, it is approximately given by

Γ ' ε2mAd

8π
, (8)

which translates to a lifetime of

cτ ' 5× 10−8 m

(
10−4

ε

)2(
10 GeV

mAd

)
, (9)

so the Ad decays promptly as long as ε & 10−6. Both
the prompt and long-lived Ad scenarios are potentially
interesting, but only the prompt case was studied in [1].

This process can be simulated using the model from [4]
in MadGraph5 aMC@NLO [5]. The relevant phe-
nomenological parameters and their allowed values for
this scenario:

• The mass of hd (less than mH/2 ' 62 GeV).

• The mass of the Ad (less than mhd
/2).

• The branching ratio of H → hdhd (can be as large
as ∼ 10%.
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The third parameter is controlled by the scalar portal
coupling λ as can be seen in Eq. (5). A priori, the Ad
mass can be very small. If its mass is very close to a
quarkonium resonance such as Υ, J/ψ or φ, then it will
decay dominantly to that resonance supressing the decay
to leptons. In the case of very small Ad mass (. 1 GeV),
then the background from nearly on shell photons can

become large, and this case was not studied in [1].

One additional parameter in the case of very small vec-
tor portal coupling ε is

• The lifetime of the Ad.

This can also be quite long, but it can also be prompt.

[1] E. Izaguirre and D. Stolarski (2018), 1805.12136.
[2] S. Gopalakrishna, S. Jung, and J. D. Wells, Phys. Rev.

D78, 055002 (2008), 0801.3456.
[3] C.-F. Chang, E. Ma, and T.-C. Yuan, JHEP 03, 054

(2014), 1308.6071.
[4] D. Curtin, R. Essig, S. Gori, and J. Shelton, JHEP 02,

157 (2015), 1412.0018.
[5] J. Alwall, R. Frederix, S. Frixione, V. Hirschi, F. Mal-

toni, O. Mattelaer, H. S. Shao, T. Stelzer, P. Torrielli,
and M. Zaro, JHEP 07, 079 (2014), 1405.0301.


