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Abstract: A search is presented for massive narrow resonances decaying either into two
Higgs bosons, or into a Higgs boson and a W or Z boson. The decay channels considered
are HH! b�b�+�� and VH! q�q�+��, where H denotes the Higgs boson, and V denotes
the W or Z boson. This analysis is based on a data sample of proton-proton collisions
collected at a center-of-mass energy of 13 TeV by the CMS Collaboration, corresponding
to an integrated luminosity of 35.9 fb�1. For the TeV-scale mass resonances considered,
substructure techniques provide ways to di�erentiate among the hadronization products
from vector boson decays to quarks, Higgs boson decays to bottom quarks, and quark- or
gluon-induced jets. Reconstruction techniques are used that have been speci�cally opti-
mized to select events in which the tau lepton pair is highly boosted. The observed data
are consistent with standard model expectations and upper limits are set at 95% con�dence
level on the product of cross section and branching fraction for resonance masses between
0.9 and 4.0 TeV. Exclusion limits are set in the context of bulk radion and graviton models:
spin-0 radion resonances are excluded below a mass of 2.7 TeV at 95% con�dence level. In
the spin-1 heavy vector triplet framework, mass-degenerate W0 and Z0 resonances with
dominant couplings to the standard model gauge bosons are excluded below a mass of
2.8 TeV at 95% con�dence level. These are the �rst limits for massive resonances at the
TeV scale with these decay channels at

p
s = 13 TeV.
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1 Introduction

Heavy resonances that decay to HH, VV, or VH, where H denotes the Higgs boson, and
V denotes a W or Z boson, are motivated by theories beyond the standard model (SM)
that address the large di�erence between the electroweak and gravitational scales. These
heavy particles arise as Kaluza-Klein (KK) excitations of spin-0 radions [1{3], and as spin-2
gravitons predicted in models based on Randall-Sundrum warped extra dimensions [4, 5],
with the gravitons propagating in the entire �ve-dimensional bulk [6{8]. Heavy spin-1
W0 and Z0 particles that decay to VV and VH are also postulated in composite Higgs
models [9{12], little Higgs models [13, 14], and in the sequential SM (SSM) [15]. The
models containing new spin-1 states are generalized in the heavy vector triplet (HVT)
framework [16]. All of the new hypothetical particles with spins of 0, 1, or 2 can be produced
at the CERN LHC, via the processes depicted in the Feynman diagrams of �gure 1.

The bulk graviton model has two free parameters: the mass of the �rst KK excitation
of the spin-2 boson, denoted as the KK bulk graviton, and the ratio ~k � k=MPl, where k
is the unknown curvature scale of the extra dimension and MPl �MPl=

p
8� is the reduced

Planck mass. Searches for radions in this model can be described in terms of the radion
mass and the ultraviolet cuto� of the theory �R [17]. The HVT model is formulated in
terms of four parameters: the mass of the new vector bosons, their coupling coe�cient to
fermions cF, their coupling coe�cient to the Higgs boson and longitudinally-polarized SM

{ 1 {


















































































