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Abstract. We propose a simple analysis to search for resonance in the diphoton and at least

one b-tagged jet final states with ttH and bbH models. This region has never been checked and

needs to be checked now in run II and in the future run III data. We search for the new resonance

in the range above 160 GeV. The analysis uses Run II proton-proton (pp) collision data with an

integrated luminosity of 140 fb−1 recorded at a centre-of-mass energy of
√
s = 13 TeV with the

ATLAS detector. In this work, we discuss event selections and signal optimization. In addition,

we compare data to MC simulation in the control region. A 2D scan of the variables, number

of central jets Ncjet and ∆φγγ is made to optimize the search.

1. Introduction

The diphoton channel provides a clean experimental signature with an invariant mass resolution

that can be reconstructed with high precision [1, 2]. The Higgs to diphoton decay h → γγ

channel was one of the most important channels that led to the discovery of the Higgs boson [3, 4].

Recently, the unconfirmed resonance with mass around 750 GeV also observed in the diphoton

channel [5, 6, 7]. An excess in the diphoton spectrum at high-energy, could be interpreted as

the decay of a hypothetical particle with spin-0 or spin-2.

The searches for new high-mass resonances decaying into two photons was performed, using

CERN Large Hadron Collider (LHC) pp collision data recorded by the ATLAS and CMS

detectors since run I [8, 9]. This proceeding presents a search for a resonance in the diphoton

plus b-tagged jet final states. In this channel, the QCD background is highly suppressed. These

final states can be the result from top or bottom quark associated productions. We search for

the diphoton resonance in high mass region, through the gg/qq̄ → tt̄H, bb̄H process, examples

of tree-level Feynman diagrams are given in Figure 1. Where, H is Higgs like spin zero particle

with a mass range [160 GeV, 1 TeV] decaying to diphoton final state in this study. To understand

these final states, for instance, the top quark, t, decays to a W+ boson, and a quark q = b, s

or d. Here, W+ boson decay into a lepton and a neutrino, t → W+q → `+νq. The case for

anti-top quark decay is t̄→ W−q → `−νq̄, where, q̄ = d̄, b̄ or d̄. These quarks will turn into jets

as they cannot exist freely. The plan is to search for any resonance of diphoton and setup limits

on the production cross-section times branching ratio (σ×BR(H → γγ)) to the ttH and bbH

models with mH > 160 GeV.



Figure 1. Feynman diagrams show two different production processes of the heavy boson H

with a pair of top or bottom quarks, q refers to either top or bottom quark.

2. Samples and Event Selection

Monte Carlo (MC) simulated events are used for the estimation of signal and background

processes. The Madgraph aMC@NLO [10] event generator interfaced to Pythia8 [11] is used

to produce the ttH signal samples, while the bbH samples are simulated using Pythia8. The

dominant background samples that are used here are the SM diphoton production and γ+jet;

contributions also come from bbγγ, V γ (W/Z), V γγ, ttγγ and ttγ (one fake photon from

electron). The γ+jet and diphoton samples are normalised to 20% and 80% respectively of

the data at the inclusive case. The dataset used in this analysis encompasses all data that was

recorded with the ATLAS detector, between 2015 and 2018, in pp collisions with an integrated

luminosity of 140 fb−1 at a centre-of-mass energy of
√
s = 13 TeV.

After an event passes the quality selection (after selecting two well identified photons), it

has to pass additional kinematic and geometrical requirements to be considered for the analysis.

The event are selected with at least two photons, the transverse momentum pT of the leading

and sub-leading photon should be greater than 40 GeV, and 30 GeV, respectively. The invariant

mass of the diphoton system mγγ > 130 GeV. It is required to have at least one b-tagged jet.

To avoid the SM Higgs peak events are then categorised into three regions:

• At least one lepton and at least one b-tagged jet.

• Zero lepton and exactly one b-tagged jet.

• Zero lepton and at least two b-tagged jet.

3. Analysis

After the application of the requirements described above over the dataset and the MC

(background and signal) samples, we tabulated the number of the events that passed the cuts in

Table 1. It’s important to note that the signal events are not normalised to anything; they are

just entries. The background is normalised with its corresponding cross-section, total weight,

efficiency and the data luminosity. The normalizations of the γγ and γ+jet contributions are

respectively fixed to 80% and 20% of the data yield in the inclusive case. Figures 2 and 3

display the kinematic distributions corresponding to different variables for the inclusive case

(just after preselections). The agreement between data and total background is reasonable in

both the cores and tails.



Cuts Data Total Bkg ttH180 ttH250 ttH500 ttH750 bbH180 bbH250 bbH500 bbH750

Inclusive 1278499 1301087 68150 78406 91070 98070 20091 23860 28326 29894

Nbjet ≥ 1 30119 30393 52563 59397 67764 69720 7875 10772 16332 18961

Nbjet = 1 & Nleps = 0 27658 28045 22437 24468 30630 31478 7246 9954 14892 17034

Nbjet ≥ 2 & Nleps = 0 2100 1912 14731 16805 17180 18316 623 795 1423 1891

Nbjet ≥ 1 & Nleps ≥ 1 361 436 15395 18122 19953 19924 6 23 16 35

Table 1. The number of events that are survived after the application of the event selections

described in section 2 for data and MC corresponding to various regions.
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Figure 2. Kinematic distributions comparing the data to background at the inclusive case

(after selecting two photons with p1γT > 40 GeV and p2γT > 30 GeV and mγγ > 130 GeV). The

multiplicity of (a) jets and (b) b-tagged jets, (c) Number of central jets and (d) Number of

leptons.



(a) (b)

(c) (d)

Figure 3. Kinematic distributions comparing the data to background at the inclusive case
(after selecting two photons with p1γT > 40 GeV and p2γT > 30 GeV and mγγ > 130 GeV). (a) the
azimuthal angle between the two photons ∆φγγ , (b) the invariant mass of the diphoton system,
(c) the missing transverse energy Emiss

T and (d) Emiss
T significance (Emiss

T /
√∑

Emiss
T ).

4. Optimization

We use the ttH sample with mH = 180 GeV as the signal sample for optimization. The reason

for choosing the ttH sample is because it has events with zero lepton and one or two b-tagged

jet, and events with one lepton and one b-tagged jet. It also has more signatures that are

different from the background samples. The bbH is almost the same as the background (nothing

to optimize). Therefore, we optimize the ttH, and at the same time, we examine the bbH and

Z(bb)H. Since the ttH with mH in the range 105 to 160 GeV is examined in the nominal



Figure 4. Optimization results for region (Nleps ≥ 1 and Nbjet ≥ 1) and (Nleps = 0 and Nbjet ≥
2). Sign All indicate the quadrature sum of significance for all four bins in each region.

Region Nleps ≥ 1 and Nbjet ≥ 1 Nleps = 0 and Nbjet ≥ 2 Nleps = 0 and Nbjet = 1

NC-Significance 0.87 0.37 0.15

C-Significance 2.19 1.53 1.01

Ncjet 3 5 5

∆φγγ 1.6 2 2

Table 2. NC and C-significance with the corresponding Ncjet and ∆φγγ cuts for each region.

Higgs analysis, so that in this optimization, we use the lowest available ttH signal sample which

corresponds to the mH = 180 GeV. All background samples are mixed and normalised to 140

fb−1 for the optimization.

We optimize the variables Ncjet and ∆φγγ to select the cut that gives the maximum

significance. These variables are chosen because they give better significance compared to the

other variables that we tested. In each region (Section 2), we further split events into four

bins by making a 2D scan on ∆φγγ and Ncjet. The significance is calculated using the formula

S/
√
S +B, and this is to avoid having infinite significance in the case where B is zero. Where

S and B are the signal and background events, respectively. Here, the signal is normalised to 50

events in the inclusive case, while the background is calculated in a small range of the diphoton

invariant mass spectrum (180 ± 10 GeV). Then we use the quadrature sum of significance for

all four bins in each region. Figure 4, shows the result of the optimization for two of our

regions. While in Table 2, we show the Non-Categorized “NC” and the maximum categorized

“C” significance that we got for all regions together with the corresponding optimal ∆φγγ and

Ncjet cuts for each region. There is a big improvement in the significance after the selection

cuts.



5. Summary and Future Work

A simple analysis is proposed to search for a new heavy resonance decaying into two photons in

association with at least one b-tagged jet. Kinematic distributions with data to background

comparisons have been shown. Optimization on truth sample (preselection) has also been

presented, to mimic the analysis procedure and choose the maximum significance cut as the

final event selection.

In the future, and each category, a signal plus background fit will be performed to extract

the signal from the data. The double-sided crystal ball method will be used for the signal

parameterization according to the diphoton mass. In contrast, an analytical function will be

used to describe the background of the whole spectrum. We will test the ttH and bbH model

and give the limits on the production cross-section times the branching ratio.
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