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Searches for BSM Scalars at ATLAS



Motivation
• Searches for Beyond the Standard Model (BSM) physics 

remain a key component of the LHC physics programme.

• Vast parameter-space of BSM scenarios under 
exploration, focus on Scalar resonance decays. 
• Axion-like Particles (ALP’s)

• Light pseudo-scalars (Hidden Abelian Higgs Models)

• 2(3)HDM Searches

• Next-to-Minimal Supersymmetric SM (NMSSM)

• Randall-Sundrum Model

• (Higgs) EFT-Intepretations

• *All analysis presented use full Run-2 dataset. 
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Scalar Signature Final-State

𝑾±𝐇 𝒍±𝒗𝒍±𝒗𝒋𝒋

X 𝜸𝜸

𝐗±, 𝐗𝟎 𝐖±𝛾, Z𝛾

a 𝜇𝜇

𝐗 → SH 𝑽𝑽𝝉𝝉

𝑯±𝒃(𝑾∓𝒃) 𝒄𝒃𝒃(𝒍𝒗𝒃)

A→Z(H) 𝒍𝒍(𝒕 ҧ𝒕)/𝒗ഥ𝒗(𝒃ഥ𝒃)

Vhh 𝒃ഥ𝒃𝒃ഥ𝒃 (𝒍𝒗),(𝒗𝒗),(𝒍𝒍)

𝐗𝟎 WW,WW(jj), ZZ, ZZ(jj)



𝑾±𝐇 → 𝑾±𝑾±𝑾∓

• Model-Independent search for heavy higgs production in 
association with a vector-boson. (arXiv:2211.02617)

• Targets same-sign di-lepton final state 𝑊±𝑊±𝑊∓ → 𝑙±𝑣𝑙±𝑣𝑗𝑗

• Includes EFT interpretations, scanning across (𝑓𝑤, 𝑓𝑤𝑤)

• Model-Independent, Higgs, mH: (0.3 → 1.5 TeV)
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https://arxiv.org/abs/2211.02617


Boosted Di-photon Resonance Search
• Probes low-mass range by targeting closely spaced photons with 

𝑝𝑇
𝛾𝛾

>50 GeV to overcome trigger thresholds.
• Prior searches cover only 𝑚𝛾𝛾 > 65 GeV

• Highest observed excess at 𝑚𝑥=19.4 GeV 3.1𝜎 local (1.5𝜎 global)
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arXiv:2211.04172

https://arxiv.org/abs/2211.04172


High Mass W𝛾/Z𝛾 Resonances
• Searches for charged, and neutral 

resonances, probing V decays in boosted 
channel.

• q ഥq′ → X± → W±𝛾 (Spin-1)

• 𝑔𝑔(𝑞 ത𝑞) → 𝑋0 → Z𝛾 Spin-0/(2)

• 2 sets of complimentary analysis

• Hadronic Z decay (Large-R jet)

• Best sensitivity for 𝑀𝑥 > 2 TeV

• Leptonic Z decay (NEW RESULT!)

• Utilizes dedicated MVA to improve sub 
leading electron identification 

• Analytical function to model background
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• No significant deviations of data from predicted background 
observed
• Largest local significance (2.5𝜎) @ 𝑚𝑋=3640 GeV (Z-Hadronic)

arXiv:2304.11962

ATLAS-CONF-2023-030

https://arxiv.org/abs/2304.11962


a→ 𝜇𝜇 in association w/ 𝑡 ҧ𝑡
• Direct pseudo-scalar production, and via charged 

Higgs boson decay.

• Targets di-muon decays, for high mass 
resolution.
• 15<𝑚𝑎<72 GeV & 120<𝑚𝐻+< 160 GeV

• Overall no significant excesses observed
• Excess at 𝑚𝑎=27 GeV → 2.7𝜎 (local)

• Set 𝜎(𝑡 ҧ𝑡𝑎)B(𝑎 →𝜇𝜇) upper-limits 
• (0.5 - 3) fb @ 95% CL

• Set B(t → b𝐻+ → 𝑊+𝑎 → 𝜇𝜇) upper-limits 
• (0.9 - 3.9) x 10−6@ 95% CL (see backup)
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arXiv:2304.14247

NEW RESULT!

https://arxiv.org/abs/2304.14247


X → SH → VV(𝜏𝜏)
• Probes H → 𝜏𝜏(hadronic) and V → (leptonically)

• Explores 𝑀𝑋 → {500,1500} GeV, 𝑀𝑆 → {200,500} GeV 
parameter-space

• Targets (ZZ) 2𝑙2𝜏ℎ𝑎𝑑, (WW) 2𝑙2𝜏ℎ𝑎𝑑, (WW) 1𝑙2𝜏ℎ𝑎𝑑 final states

• V+jets – fake τhad dominant background
• Estimated with FF method

• B-jet veto for background suppression

• Utilizes BDT discriminant parametrized over 𝑀𝑋

• Production x-section upper limits derived (@ 95%CL):

• 𝜎(𝑝𝑝 → X → SH) 72 ⇔ 542 fb’s

• 𝜎(𝑝𝑝 → X → SH → ZZ𝜏𝜏) 6 ⇔ 33 fb’s 

• 𝜎(𝑝𝑝 → X → SH → WW𝜏𝜏) 3 ⇔ 26 fb’s
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NEW RESULT!
ATLAS-CONF-2023-031

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-031/


Light, charged Higgs Production
• Search for 𝑡 ҧ𝑡 → 𝐻±𝑏(𝑊∓𝑏) → 𝑐𝑏𝑏(𝑙𝑣𝑏)

• 3HDM interpretations cast

• Segments analysis regions based on jet and b-jet multiplicities

• Allows data-driven corrections to 𝑡 ҧ𝑡 (mis)modelling

• Employs NN (parametrized over 𝑚𝐻±) discriminant for enhanced 
signal-background separation

• Largest excess: 𝑚𝐻±= 130 GeV 

• Local (global) significance 3𝜎 (2.5𝜎)

• Upper-limits on Br(𝑡 → 𝐻±𝑏)x Br(𝐻± → 𝑐𝑏) derived 

• (0.15 – 0.42)%  for 60<𝑚𝐻±<160 GeV (assuming SM 𝑡 ҧ𝑡 production)

• Similar CMS-search reports upper-limits of ~(0.8-0.5)% for 
90<𝑚𝐻±<150 GeV 
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arXiv:2302.11739

https://arxiv.org/abs/2302.11739


(CP-odd) A→ZH (Heavy Higgs)
• Prior A → ZH searches look for Z → 𝑙𝑙, H → 𝑏ത𝑏,WW,𝜏𝜏,hh

• Probes (2) novel final-states A→Z(H) → 𝑙𝑙(𝑡 ҧ𝑡)/𝑣 ҧ𝑣(𝑏ത𝑏)

• Search covers (𝑚𝐴, 𝑚𝐻) > (800,300) GeV (narrow-width H)

• 𝑙𝑙(𝑡 ҧ𝑡) Channel

• Exactly 3 leptons, 2 b-jets, and ≥ 4 jets, (sliding) mass window 𝑀H
Cand − 𝑀H

hypo
cut

• Targets unexplored mH > 2*mtop parameter-space

• Novel LHC search at 13 TeV!

• 𝑣 ҧ𝑣(𝑏 ത𝑏) 

• ≥ 2 jets, (==2 or ≥ 3) b-tag jets categories 

• 𝐸𝑇
Miss > 150 GeV, (sliding) mass window 𝑀H

Cand − 𝑀H
hypo

< 0.2 * 𝑀H
hypo

• First LHC search for high 𝑚𝑏 ത𝑏 resonances + MET 

• Search effectively probes 𝑚𝐻 > 350 GeV and high 𝑚𝐴 for 𝑚𝐻 < 350 GeV
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NEW RESULT!
ATLAS-CONF-2023-034

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-034/


(CP-odd) A→ZH (Heavy Higgs) Results
• Binned profile likelihood of 𝑚𝐴-𝑚𝐻 (𝑙𝑙𝑡 ҧ𝑡), 𝑚𝑇

𝐴 (vvbത𝑏)
• No significant data excesses from bkg-only hypothesis 

found

• Small Excess: (𝑚𝐴, 𝑚𝐻) = (650,450) GeV in 𝑙𝑙𝑡 ҧ𝑡-channel w/ 
2.85𝜎 (local)

5/23/2023 10

vvbഥ𝒃, 2 b-tag vvbഥ𝒃, ≥3 b-tag𝒍𝒍𝒕 ҧ𝒕



Resonant and SM Vhh Production
• Search for Higgs boson pair-production in association with a V boson

• Targets hh→ 𝑏ത𝑏𝑏ത𝑏 w/ (W/Z) → 𝑙𝑣, 𝑣𝑣, 𝑙𝑙 final states

• Probes VH→ Vℎℎ (Higgstrahlung) & A→ZH (2HDM) 
• Overall several data-excesses observed!
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arXiv:2210.05415

Large excess @ (mA, mH) = (420,320) GeV
• local (global) 3.8𝜎 (2.8𝜎)

Small excess @ (mH) = (315) GeV
• local (global) 2.5𝜎 (1.3𝜎)

95%-CL Upper-limit couplings (ATLAS)
-34.4 (-24.1) < Kλ < 33.3 (22.9)

-8.6 (-5.7) < K2V < 10.0 (7.1)
𝜇𝐨𝐛𝐬 (exp) = 183 (87−24

+41)

95%-CL Upper-limit couplings (CMS)
-37.7 (-30.1) < Kλ < 37.2 (28.9)
-12.2 (-7.64) < K2V < 13.5 (8.9)

𝜇𝐨𝐛𝐬 (exp) = 294 (124)

https://arxiv.org/abs/2210.05415


Di-boson Resonance Summary
• Summary of all ATLAS Run-2 di-boson searches

• WW, WZ, ZZ, WH, ZH, 𝛾𝛾.
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95% CL-Exclusion limits 
for X→WW in ggF (Left) 
and VBF (Right) 
production. (Interpreted 
in context of RS-model)

ATL-PHYS-PUB-2023-007

95% CL-Exclusion limits for X→ZZ in ggF
(Left) and VBF (Right) production. 
(Interpreted in context of narrow-width X 
approximation)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-007/


Closing Thoughts
• Many interesting new Run-2 analyses searching for BSM scalars!

• Please see Miaoran’s and Rocky’s talks

• Wide variety of models, parameter space under exploration!

• No direct evidence of new physics yet, but several hints of where 
to look in Run-3.

• Expected improved object identification, and reconstruction 
from major Run-2 upgrades (LAr Calorimeter, NSW, Trigger & 
DAQ)

• Novel analysis techniques continue to be developed
• Combined with more data → expect improved search performance

• Thank you!
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https://indico.cern.ch/event/1198609/timetable/?view=standard#41-heavy-resonance-searches
https://indico.cern.ch/event/1198609/timetable/?view=standard#289-exotic-production-and-deca


Backup
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VH-Channel Generic Heavy Higgs Production
• Utilizes a separate boosted and resolved category.

• Applies a data-driven techniques to estimate fake 
and non-prompt lepton backgrounds.

• Effective mass (meff) defined as sum of pT and MET 
of all final-state objects
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Boosted Di-photon Resonance Search
• Performs 𝑚𝛾𝛾 fit using a double-sided Crystal Ball and analytic 

function (tuned to account for SS and applied GP-Reduction)
• 𝛾𝑗 & 𝑗𝑗 contributions built from data CR’s, 𝛾𝛾 from MC

• Less than (1%) differences of the fitted signal yield
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High Mass W𝛾/Z𝛾 Resonances
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a→ 𝜇𝜇 in Association w/ 𝑡 ҧ𝑡
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X → SH → VV(𝜏𝜏)
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Light, Charged Higgs Production
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(CP-odd) A→ZH (Heavy Higgs)
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