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Introduction and motivation
● Our model looks at an ultraheavy resonant scalar 𝑆𝑢𝑢 (6, 1, +4/3) decaying

via vectorlike quarks (VLQ) 𝜒 3, 1, +2/3 into a 6-jet final state . These

particles emerge naturally in many GUT and composite Higgs theories .

● The 𝑆𝑢𝑢 couples to 𝑢 quarks and the VLQ 𝜒.

● We are working with particles with masses on the multi -TeV scale : 𝑀𝑆 ∈

7.0, 9.75 TeV, 𝑚𝜒 ∈ 1.5, 2.0 TeV 𝑆𝑢𝑢 → 𝜒𝜒 decay into a 6 -jet final state. 
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● We are working with particles with masses on the multi -TeV scale : 𝑀𝑆 ∈

7.0, 9.75 TeV, 𝑚𝜒 ∈ 1.5, 2.0 TeV

● In addition to the SM parameters, we introduce 5 free

parameters :

○ The masses of the BSM particles : 𝑀𝑆, 𝑚𝜒

○ The Yukawa couplings to 𝑆𝑢𝑢: 𝑦𝑢𝑢, 𝑦𝑢𝜒, 𝑦𝜒𝜒

● We build a 75 -variable ML discriminator 𝑫 used for

signal -from -background selection, which is also a

parameter varied in our statistical analysis .

D ELPHES event visualization for an 𝑆𝑢𝑢 → 𝜒𝜒 decay 6 -jet final state. 

𝑆𝑢𝑢 → 𝜒𝜒 decay into a 6 -jet final state. 
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● With the up -and -coming High -Luminosity

upgrade for the LHC, both the centre -of-

mass energy and the increase in integrated

luminosity will increase .

● This study is motivated by the recent

searches made by the CMS Collaborations

which claim events with 4-jet resonances of

invariant masses ∼ 8 TeV , interpreted as

diquark scalars .

Observed number of events with their 
corresponding 𝑚 2𝑗 and 𝑚4𝑗

arXiv:2507.17884

INTRODUCTIONAND MOTIVATION
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Statistical analysis of the 𝑺𝒖𝒖 production
● Our simulations consider completely

uncorrelated mass points and as such

we used a single -bin profiled

likelihood approach for each 𝑀𝑆 value .

● We performed local discovery 𝒑𝟎 tests

(probability for the background to

present a signal -like fluctuation) .

● We evaluated the model sensitivity to

the signal hypothesis using 𝐶𝐿𝑠 scans

in terms of the signal strength 𝜇 and the

diquark mass 𝑀𝑆.

Local 𝑝-value for a Gaussian distribution
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Testing for discovery

The local 𝑝0 was computed in various configurations .

In the 𝑆𝑢𝑢 → 𝜒𝜒 channel, we observe an increase in

significance with the discriminator threshold .

STATISTICAL ANALYSIS OF THE𝑺𝒖𝒖 PRODUCTION

The predicted improvements to the PDF

uncertainties were also tested, for prospected HL -

LHC measurements, leading to a greatly enhanced

discovery potential .
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a) Local 𝑝0 in terms of the ML discriminant

Phys. Rev. D 113, 115056

d) Local 𝑝0 for different Yukawa couplings

Phys. Rev. D 113, 115056

https://doi.org/10.1103/qxhl-4pqz
https://doi.org/10.1103/qxhl-4pqz


Setting exclusion limits

The treatment of the exclusion limits is done two -fold,

both with toy -based and asymptotic computations .

STATISTICAL ANALYSIS OF THE𝑺𝒖𝒖 PRODUCTION

For 𝑆𝑢𝑢 → 𝜒𝜒, 𝑦𝑢𝑢 = 0.2, the thresholds sit at around 𝑴𝑺 ≃

𝟖. 𝟏 𝐓𝐞𝐕 for the toy -based scan (both 𝑚𝜒 values) and

𝑴𝑺 ≃ 𝟖. 𝟑 𝐓𝐞𝐕 for the asymptotic case (both 𝑚𝜒 values) .

If we increase the coupling to 𝒚𝒖𝒖 = 𝟎. 𝟒, the sensitivity

limit increases to 𝑴𝑺 ≃ 𝟖. 𝟗 𝐓𝐞𝐕.
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d) 95% C.L. upper limits on 𝜇 for 𝑚𝜒 = 2.0 TeV

Phys. Rev. D 113, 115056

a) 𝐶𝐿𝑠 scan for 𝑚𝜒 = 2.0 TeV

Phys. Rev. D 113, 115056

https://doi.org/10.1103/qxhl-4pqz
https://doi.org/10.1103/qxhl-4pqz


Summary
● The search yields the most promising results in the case of the diquark decaying through two VLQs, taking

into account an increased coupling parameter 𝑦𝑢𝑢 = 0.4. With the improvement to the PDF measurements,

the significance reaches over 𝟓𝝈, providing strong evidence for the discovery of 𝑆𝑢𝑢, with the model being

sensitive to its existence up to masses of 𝑴𝑺 ≃ 𝟖. 𝟗 𝐓𝐞𝐕.
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Future work
● The next step consisting of the analysis of multi -jet signatures of 𝑆𝑢𝑢 with multiplicities of up to 14 jets is

already ongoing . This requires engineering of the Random Forest features to reduce combinatorial

explosions, with work being done to unify the generation of signal and background processes in a single

framework . There is also room for improvement in regards to the detector response simulation .

● The final stage of the study will be a combined analysis on all of the decay channels of the diquark scalar,

in order to give a qualitative prediction for the observation of this particle at the HL -LHC .
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