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Figure 4: A three-dimensional event display of an SR candidate event from 2018 data. The
event display shows energy from the ECAL in red, energy from the HCAL in blue, and charged
particle tracks in green. A cone around the energy depositions reconstructed as a jet is shown
in yellow. For the photon pT, h, and f values are shown in red text. For the jet mSD, pT, h, f,
psig, and DR separation between the photon and jet are shown in blue text.

No significant excesses above the background predictions are observed. The results of the fit are
used to set 95% confidence level (CL) upper limits on the coupling constant gq between Z0 and
quarks. The limit setting uses a modified frequentist approach based on the CLs criterion [49,
58, 59] within the asymptotic approximation [60]. Limits are shown in Fig. 5 as a function of the
Z0 mass. Coupling values above the solid curves are excluded at 95% CL. Indirect constraints
from the U and Z boson decays widths are also shown [61]. The observed (expected) limits
on gq range from 0.06 to 0.26 (0.08 to 0.22) over the Z0 mass range of 10 to 150 GeV. At higher
resonance masses, the sensitivity decreases because the decay products are not contained in
the AK8 jet. At very low resonance masses (<20 GeV), the sensitivity decreases since the decay
products are more collimated, and the PARTICLENET algorithm has more difficulty identifying
two-pronged jets. The region where this analysis is most effective is the 20–50 GeV mass range,
where boosted jet pairs merge into the two-pronged jets being selected. Observed (expected)
limits on the coupling strength of the Z0 to quark-antiquark pairs in the resonance mass range
between 10 and 50 GeV range from 0.06 to 0.25 (0.08 to 0.17). This represents the most sensitive
search in the mass range of 10 to 50 GeV for resonances decaying into quark-antiquark pairs to
date.

10 Summary
A search for narrow quark-antiquark resonances in the mass range of 10 to 150 GeV has been
presented, using proton-proton collision data at

p
s = 13 TeV, collected by the CMS detec-

tor at the CERN LHC in 2016–2018, corresponding to an integrated luminosity of 138 fb�1.
The analysis strategy targets a final state where an initial-state radiation photon recoils against


