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1. Introduction

Since its discovery in 2012, the Higgs boson has been the subject of intense study at the Large
Hadron Collider (LHC). One of the keys to understanding the Higgs mechanism and electroweak
symmetry breaking lies in the shape of the Higgs potential. The Standard Model (SM) Higgs
potential can be written as:

𝑉 (𝐻) = 1
2
𝑚2𝐻2 + 𝜆3𝑣𝐻

3 + 1
4
𝜆4𝐻

4, (1)

where 𝜆3 and 𝜆4 are the Higgs boson trilinear and quartic self-coupling, respectively. The trilinear
self-coupling can be probed experimentally via Higgs boson pair production (HH).
The dominant HH production mode in ATLAS is gluon-gluon fusion (ggF), which is sensitive
to the trilinear self-coupling 𝜆3 and has a NNLO SM cross-section of approximately 30.8 fb at√
𝑠 = 13 TeV. The subdominant production mode is vector-boson fusion (VBF), which is sensitive

to both 𝜆3 and the quartic HHVV coupling, 𝑔𝐻𝐻𝑉𝑉 , (where V = W, Z), with a cross-section of about
1.69 fb. Deviations from the SM values of these couplings can be parameterized using coupling
modifiers 𝜅𝜆 = 𝜆3/𝜆𝑆𝑀3 and 𝜅2𝑉 = 𝑔𝐻𝐻𝑉𝑉/𝑔𝑆𝑀𝐻𝐻𝑉𝑉

.

(a) (b)

Figure 1: Feynman diagrams for the gluon-gluon fusion HH production mode

(a) (b) (c)

Figure 2: Feynman diagrams for the vector boson fusion HH production mode

Searches are performed by the ATLAS experiment [4] for Higgs boson pair production in
several final states [1]. The final state with two b-jets and two photons (𝐻𝐻 → 𝑏𝑏̄𝛾𝛾) is one of the
most sensitive channels due to the combined advantage of the high branching ratio of the 𝐻 → 𝑏𝑏̄

decay and the clean detector signature of the 𝐻 → 𝛾𝛾 decay. These proceedings present a search
for non-resonant Higgs boson pair production in the 𝑏𝑏̄𝛾𝛾 final state using the full Run 2 (140 /fb
at
√
𝑠 = 13 TeV) and partial Run 3 (59 /fb at

√
𝑠 = 13.6 TeV) proton-proton collision data collected
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by the ATLAS experiment at the LHC [3]. The analysis is optimized for sensitivity to SM Higgs
pair-production as well as deviations from the SM of both 𝜅𝜆 and 𝜅2𝑉 .

2. Analysis Strategy

The analysis strategy broadly follows that of the ATLAS Run 2 legacy 𝐻𝐻 → 𝑏𝑏̄𝛾𝛾 analysis
search [2], with modifications to incorporate the Run 3 data and improve sensitivity to 𝜇𝐻𝐻 and
𝜅𝜆. The following sections describe the analysis strategy, with the main drivers of improvement in
sensitivity relative to the legacy analysis highlighted and quantified in Section 3.

2.1 Event Selection and Categorization

Event pre-selection consists of a 𝐻 → 𝛾𝛾 selection, a 𝐻 → 𝑏𝑏̄ selection and a 𝑡𝑡𝐻 veto. The
𝐻 → 𝛾𝛾 selection uses a diphoton trigger and requires two photons that pass identification and
isolation requirements. The invariant mass of the two photons 𝑚𝛾𝛾 is required to be in the range
[105, 160] GeV. For the 𝐻 → 𝑏𝑏̄ selection, at least two jets that pass the 85% working point of the
GN2 tagger are required. The 𝑡𝑡𝐻 veto rejects events with any leptons and more that 6 central jets.
The pre-selected events are then split into two 𝑚∗

𝑏𝑏̄𝛾𝛾
regions with the threshold at 350 GeV. The

high mass (HM) region is sensitive to both SM and BSM HH production, while the low mass (LM)
region is sensitive to BSM 𝜅𝜆 variations. BDTs are trained separately (combining Run 2 and Run 3
events) in each mass region on kinematc variables, including VBF variables. The highest-ranking
training variable is the dijet invariant mass 𝑚𝑏𝑏.
The BDT score is used to define 3 categories in the HM region and 4 in the LM region. The
category boundaries are chosen via a multi-dimensional grid search to maximise the expected
counting significance 𝑍𝑡𝑜𝑡 . This is defined as:

𝑍𝑏𝑖𝑛 =
√︁

2 · [(𝑆 + 𝐵) · log(1 + 𝑆/𝐵) − 𝑆]

𝑍𝑡𝑜𝑡 =
∑︁
𝑏𝑖𝑛

𝑍2
𝑏𝑖𝑛

(2)

where S is the expected signal yield and B is the expected background yield. Run 2 and Run 3
events are combined in the BDT training and cateogry optimisation steps. This is done to allow for
looser requirements on the number of continuum background events in each category. At least 11
continuum background events are required in each category to ensure a high probability of having
sufficient data events. Imposing this requirement on Run 2 and Run 3 combined as opposed to
separately allows for tighter cuts on the BDT score and therefore a higher signal purity. In the final
fit, category boundaries are applied seperately in each data-takng period. Figure 3 shows the BDT
score distribution in both mass regions with the category boundaries indicated.

2.2 Signal and Background Modeling

The 𝑚𝛾𝛾 distributions of both the HH signal and the single Higgs background are modeled
using double-sided Crystal Ball functions, with parameters derived from fits to MC. The continuum
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Figure 3: BDT score distributions for (a) the high-mass region and (b) the low-mass region. The vertical
lines indicate the category boundaries.

background is modeled with an exponential function whose parameters are allowed to float in the
final fit. Spurious signal tests are performed to estimate the bias due to the choice of functional
form, and the resulting spurious signal yields are treated as systematic uncertainties in the final fit.
Run 2 and Run 3 continuum background shapes are correlated in the fit, while the normalisation
factors remain separate.

3. Improvements with respect to the Legacy Analysis

Several improvements have been made with respect to the legacy analysis that enhance the
sensitivity to both SM HH production and BSM 𝜅𝜆 variations. The main improvements are
summarized below:

• Inclusion of Run 3 data: The addition of 59 /fb of Run 3 data at
√
𝑠 = 13.6 TeV more than

doubles the total integrated luminosity, leading to a significant increase in expected signal
yield. This results in an enhancement of 𝜇𝐻𝐻 sensitivity of approximately 50%.

• Improved Flavour-Tagging Algorithm: The GN2 b-tagging algorithm, based on a graph
neural network architecture, is used in this analysis. This offers improved performance over
its predecessor DL1r used in the legacy analysis. The GN2 tagger provides a higher b-jet
identification efficiency for the same light-jet rejection rate, allowing for a looser working
point to be used (85%). This gives an approximate 20% enhancement in 𝜇𝐻𝐻 sensitivity.

• Run 2 and Run 3 Correlation Strategy: By combining Run 2 and Run 3 events in the BDT
training and category optimisation steps, looser requirements can be placed on the number of
continuum background events in each category. This allows for tighter cuts on the BDT score,
resulting in higher signal purity. This strategy leads to an approximate 10% improvement in
𝜇𝐻𝐻 sensitivity.

• Kinematic Fit: A per-event Kinematic Fit takes advantage of the excellent𝐻 → 𝛾𝛾 resolution
and the transverse momentum balance to correct the 𝐻 → 𝑏𝑏̄ system and improve the 𝑚𝑏𝑏̄
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resolution. This indirectly improves the performance of the BDT by correcting the highest-
ranking variable. The resulting enhancement in 𝜇𝐻𝐻 sensitivity is 5%.

4. Results

Results are derived from an unbinned maximum likelihood fit to 𝑚𝛾𝛾 . The fit is performed
simultaneously across all categories in both mass regions and both data-taking periods. The
weighted sum over all categories is shown in Figure 4. A best fit value of 𝜇𝐻𝐻 = 0.9+1.4

−1.1 is
obtained, which is consistent with the SM prediction. The obeserved (expected) significance is
0.8(1.0) 𝜎, representing a milestone for the first HH search result to reach 1 𝜎 sensitivity. An
observed (expected) upper limit is set on the HH signal strength of 𝜇𝐻𝐻 > 3.8(2.6) at 95%
CL. Observed (expected) 95% CL limits are set on 𝜅𝜆 and 𝜅2𝑉 of [−1.7, 6.6] ( [−1.8, 6.9]) and
[−0.5, 2.6] ( [−0.4, 2.6]) respectively.

Figure 4: Weighted sum of 𝑚𝛾𝛾 distributions over all categories in both mass regions and both data-taking
periods
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