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Introduction
• The new-physics discoveries at the LHC promised by many high-

energy theorists have not materialised so far and the recent
ACME-II experiment has now ruled out most of the common
Beyond-Standard-Model extensions up to an energy scale beyond
LHC’s range.

• Thus, it appears opportune that LHC experiments focus again
on lower energy regions, in which new physics may have been
overlooked by LEP.

• Indeed, both ATLAS and CMS have very recently presented dipho-
ton data, in the invariant-mass ranges of 65–110 GeV and 70–110
GeV, respectively.

• Thus, it is highly desirable that — if experimentally feasible —
both ATLAS and CMS try to extend their diphoton measurements
to even lower energies, in order to have a more complete overlap
with dimuon data in the same energy range.

• In the present talk, an interpretation is presented of small en-
hancements at 28 and 57 GeV as well as a dip at 115 GeV, in
different data taken by several independent experiments.
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ATLAS CONF Note
ATLAS-CONF-2018-025

July 4, 2018

Search for resonances in the 65 to 110 GeV diphoton
invariant mass range using 80 fb−1 of pp collisions
collected at

√
s = 13 TeV with the ATLAS detector

The ATLAS Collaboration

A search for low-mass diphoton resonances is performed using 80 fb−1 of pp collision data
collected with the ATLAS detector at the Large Hadron Collider. Pairs of isolated photon
candidates with high transverse momentum are selected, probing the diphoton invariant mass
spectrum in the range 65 to 110 GeV. No significant excess with respect to the Standard Model
expectation is found, and a limit at the 95% confidence level is set on narrow resonance fiducial
cross-section times branching ratio ranging from 30 to 101 fb.

© 2018 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.
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CERN-EP-2018-207
2018/11/22

CMS-HIG-17-013

Search for a standard model-like Higgs boson in the mass
range between 70 and 110 GeV in the diphoton final state in

proton-proton collisions at
√

s = 8 and 13 TeV

The CMS Collaboration∗

Abstract

The results of a search for a standard model-like Higgs boson in the mass range be-
tween 70 and 110 GeV decaying into two photons are presented. The analysis uses
the data set collected with the CMS experiment in proton-proton collisions during
the 2012 and 2016 LHC running periods. The data sample corresponds to an inte-
grated luminosity of 19.7 (35.9) fb−1 at

√
s = 8 (13) TeV. The expected and observed

95% confidence level upper limits on the product of the cross section and branching
fraction into two photons are presented. The observed upper limit for the 2012 (2016)
data set ranges from 129 (161) fb to 31 (26) fb. The statistical combination of the results
from the analyses of the two data sets in the common mass range between 80 and
110 GeV yields an upper limit on the product of the cross section and branching frac-
tion, normalized to that for a standard model-like Higgs boson, ranging from 0.7 to
0.2, with two notable exceptions: one in the region around the Z boson peak, where
the limit rises to 1.1, caused by the presence of Drell–Yan dielectron production where
both electrons are misidentified as isolated photons, and a second due to an observed
excess with respect to the standard model prediction, which is maximal for a mass
hypothesis of 95.3 GeV with a local (global) significance of 2.8 (1.3) standard devia-
tions.

Submitted to Physics Letters B

c© 2018 CERN for the benefit of the CMS Collaboration. CC-BY-4.0 license

∗See Appendix A for the list of collaboration members
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M. Acciarri et al. [L3 Collaboration],
Phys. Lett. B 345 (1995) 609

[CMS Collaboration],
CMS-PAS-HIG-13-001 (2013)
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(a): The three single-γ CM energies in
Z → 3γ events, for

√
s = MZ . His-

togram: MC simulation based on QED.
Green band: expected 1γ energies from
Z → γZ0, with mZ0 ≈ 57.5 GeV.
(b): Same as (a), but now measured
events divided by QED-expected events.

(c, d): Measured over expected
events for diphoton invariant-mass
distributions, with two data simula-
tors (DIPHOX, RESBOS).



A. M. Sirunyan et al. [CMS Collaboration], arXiv:1808.01890.
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Data of the dimuon mass distribution in Z decays, taken from the
CMS paper (Fig. 2, upper).



Mod. Phys. Lett. A 32 (2017) 1750057 [arXiv:1610.07709 [hep-ph]]
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7 Excited weak bosons and their decays

Harald Fritzsch
Department für Physik

Ludwig-Maximilians-Universität
München, Germany

Abstract

The weak bosons are not elementary gauge bosons, but bound
states of two fermions. Here the excitations of the weak bosons are
discussed. Especially we study the decays of these excited states into
weak bosons and photons.
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Abstract

The weak bosons are not elementary gauge bosons, but bound
states of two fermions. Here the excitations of the weak bosons are
discussed. Especially we study the decays of these excited states into
weak bosons and photons.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
The weak bosons might not be elementary gauge bosons, but bound states

of two fermions, analogous to the ρ-mesons in QCD. The weak bosons are
the ground states. The scalar boson with a mass of 125 GeV, discovered at
the LHC (ref. 1,2), would be an excitation of the Z-boson.

A theory, in which the weak bosons are bound states, describes also the
leptons and quarks as bound states. Such theories were studied in the past
by many theorists (ref. 3,...,11). An unsolved problem for such theories is
to explain, why the leptons and quarks, except the top-quark, have masses,
which are much smaller than the masses of the weak bosons.

The weak bosons are bound states of a fermion and its antiparticle, which
are denoted as ”haplons” (see also ref. 7 and 9). Their dynamics is described
by a confining gauge theory, denoted as ”quantum haplodynamics” (QHD).

The QHD mass scale is given by a mass parameter Λh, which determines
the size of the weak bosons. The QHD mass scale is about 0.2 TeV (ref. 4,5).
The haplons are massless and interact with each other through the exchange
of massless gauge bosons.

Two types of haplons are needed as constituents of the weak bosons, de-
noted by α and β. The charges of the weak bosons do not fix the charges of
the haplons. They could be, for example, (+1/2) and (-1/2), but they might
also be the same as the charges of the quarks: (+2/3) and (-1/3). We shall
assume, that this is the case.

The three weak bosons have the following internal structure:

W+ = (βα), W− = (αβ), W 3 =
1√
2

(
αα− ββ

)
. (1)

The weak bosons consist of pairs of haplons, which are in an s-wave. The
spins of the two haplons are aligned, as the spins of the quarks in a ρ-meson.
The first excited states are those, in which the two haplons are in a p-wave.
The weak isospin and the angular momentum of these states are described
by the two numbers (I, J).

There are three SU(2) singlets: S(0), S(1) and S(2) as well as three SU(2)
triplets: T(0), T(1) and T(2). These bosons are analogous to the mesons in
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strong interaction physics, in which the quarks are in a p-wave. The scalar
meson σ, the vector meson h1(1170) and the tensor meson f2(1270) are the
QCD-analogs of the singlet states S(0), S(1) and S(2).

The isospin triplet mesons, the scalar meson a0(980), the vector meson
b1(1235) and the tensor meson a2(1320), correspond to the bosons T (0), T (1)
and T (2).

We assume that the boson S(0) is the particle, discovered at CERN -
thus the mass of S(0) is about 125 GeV. In analogy to QCD we expect that
the masses of the other p-wave states are between 0.26 TeV and 0.41 TeV.
Here are the expected masses of the bosons S(1) and S(2):

S(1) : 0.32 TeV ± 0.06 TeV,

S(2) : 0.34 TeV ± 0.06 TeV. (2)

The masses of the SU(2)-triplet bosons T are slightly larger than the
masses of the S-bosons:

T (0) : 0.25 TeV ± 0.05 TeV,

T (1) : 0.33 TeV ± 0.05 TeV,

T (2) : 0.36 TeV ± 0.06 TeV. (3)

The S(0)-boson will decay into two charged weak bosons, into two Z-
bosons, into a photon and a Z-boson, into two photons, into a lepton and
an anti-lepton or into a quark and an anti-quark. Details were discussed in
ref. 5. The expected decay rates are similar to the decay rates, expected for
a Higgs-particle.

According to the theory a Higgs particle decays into two fermions with
the probability of about 66.7 %, into two gluons with the probability of about
8,6 % and into two gauge bosons with the probability of about 24,7 %. In
our model there is no decay of the S(0)-boson into two gluons. Decays into
pairs of leptons and quarks are possible, but cannot be calculated.

The bosons S(1) and S(2) and the nine T - bosons will decay mainly into
two or three weak bosons or photons and into a pair of leptons or quarks.
The bosons S(1) and T (1) are vector bosons, thus they cannot decay into two

3



Production amplitudes in the RSE formalism

E. van Beveren & GR, Annals Phys. 323 (2008) 1215;
Europhys. Lett. 81 (2008) 61002, 84 (2008) 51002

Author's personal copy

broader structure, namely the f0ð600Þ, and is furthermore not very distant from a broad

resonance around 1.35 GeV, viz. the f0ð1370Þ [15].
It is our understanding that mesonic resonances, like the f0ð600Þ and the f0ð980Þ, form

an integral part of the whole meson family. Therefore, we have developed a model for all

q�q phenomena, including those involving charm and bottom. Here, we wish to develop a

new tool for data analysis, which is an amplitude for the description of final-state interac-

tions in two-meson subsystems emerging in decay processes involving other particles. This

production amplitude is based on the two-meson scattering amplitude given in Eq. (5).

For the description of the final-state interactions of meson pairs in production pro-

cesses, it is common practice to make the spectator assumption, according to which the

other emerging hadrons do not interact strongly with the pair. Evidently, this is an

approximation, which is justified by the observation that in most production processes res-

onances involving the third (or fourth, . . .) hadron are much higher in mass than the ener-

gies considered for the pair. Here, we moreover assume that the meson pair is generated

from an initially produced q�q pair. Our amplitude for the production of a meson pair,

including all higher-order contributions from final-state interactions, is depicted in

Fig. 3. Also using expression (5) for the scattering amplitude, we are led to define for

the production amplitude

aða ! iÞ ¼ hi;~pijð1þ TGÞV tjðq�qÞa;Ei

¼ hi;~pijV tjðq�qÞa;Ei þ
X

m

Z

d3kmhi;~pijT jm;~kmiGð~kmÞhm;~kmjV tjðq�qÞa;Ei

¼ ffiffiffi

p
p
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‘;m
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ai � 2i 2
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m

l
m
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m
j‘ðpmr0Þh
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( )

: ð15Þ

Here, Q
ðaÞ
‘q�q

represents the overlap with the initial q�q distribution, having quantum numbers

a and relative interquark angular momentum ‘q�q. Notice that the latter quantum number is

related—though unequal—to the relative two-meson angular momentum ‘, because of to-

tal-angular-momentum and parity conservation. Below, we shall discuss the properties of

production amplitude (15) for pairs of interacting mesons.

4.1. P i ¼
P

m
cmT mi?

The result (15) agrees to some extent with the expression proposed in Refs. [27,28]. Like

here, the authors of Ref. [28] based their ansatz on the OZI rule [3] and the spectator pic-

ture, so as to find that the production amplitude can be written as a linear combination of

Fig. 3. Graphical representation of the RSE production amplitude. The transition q�q ! MM , denoted by V t in

the text, is here represented by v; the resulting effective MM interaction is denoted by V.

1222 E. van Beveren, G. Rupp / Annals of Physics 323 (2008) 1215–1229

General multichannel form in terms of RSE T -matrix:

Pk = Re(Zk) + i
∑

l

ZlTkl , (1)

with Zk a complex kinematical function (spherical Hankel function).
This production amplitude manifestly satisfies extended unitarity:

Im(Pk) =
∑

l

T ?
kl Pl . (2)



E. van Beveren, S. Coito, and G. Rupp, EPJ Web Conf. 95 (2015)
02007 [arXiv:1411.4151 [hep-ph]].

E. van Beveren and G. Rupp, arXiv:1811.02274 [hep-ph]
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Diphoton signals published by CMS and ATLAS, four-lepton signals
by CMS Collaboration and ATLAS, invariant-mass distributions for
ττ in e+e− → ττ(γ) and µµ in e+e− → µµ(γ) by L3.



Our interpretation of the data

• If the heavy gauge bosons are composed of more elementary
fermions, the vector Z may decay into a composite pseudoscalar
Z0 and a photon, analogously to the decay ρ(770)0 → π0γ, or
into a composite scalar plus a photon, like φ(1020) → f0(980)γ.
This Z0 may on its turn decay into γγ or µ+µ−.

• If in the decay Z → Z0γ the photon gets an energy of 28 GeV,
then the Z0 must have a mass of about 57 GeV.

• The 1995 L3 three-photon decays of the Z may suggest a one-
photon data accumulation at 28 GeV, and the 2013 CMS data a
γγ enhancement at 57 GeV.

• The 2018 CMS dimuon data suggest enhancements at 28 GeV
and possibly also at 57 GeV. Note that a µ+µ− pair with 28 GeV
invariant mass may be produced by a single photon.

• Diphoton, four-lepton, ττ , and µµ data exhibit a similar broad
enhancement in the range 115–133 GeV, with a sharp dip at
115 GeV. Assuming compositeness, this may indicate the pro-
duction threshold of a boson pair, each with a mass of ≈57 GeV.



Conclusions

• Dimuon and diphoton data below the Higgs mass reveal small yet
interesting enhancements and structures that may hint at com-
positeness in the heavy-gauge-boson sector.

• Our consistent interpretation of these data amounts to the ex-
istence of a scalar or pseudoscalar partner state of the Z boson
with a mass of about 57 GeV, the pseudoscalar assignment being
the most likely one.

• Dimuon and diphoton data with higher statistics are needed, if
possible also new data on three-photon decays of the Z , in order
to confirm or rule out a Z0(57), and also look for possible other
partner states.

• In view of dips in the data way above the Higgs mass, identified
in arXiv:1304.7711, more data in the range 125–300 GeV, or even
up to 1 TeV so as to accommodate e.g. Fritzsch’s model, would
also be most welcome. This might confirm the presence of several
other production thresholds involving different composite partner
states, allowing subsequent experiments to pin them down.




