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Scalars in the SM and Beyond
• What we know: 

- the SM requires a complex doublet scalar field 
✦ leading to one massive scalar boson (the Higgs) 

- we have observed one scalar boson at 125 GeV 
✦ the properties of that boson are consistent with SM 

predictions (so far) 
• What we don’t know: 

- what (if anything beyond random chance) stabilizes the 
Higgs mass 

- if there are scalar fields beyond the minimum prescribed in 
the SM
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Scalars in the SM and Beyond
• What else might there be?
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Many models…

SUSY 

(MSSM, 

NMSSM,,,,)
Little Higgs

Low-scale technicolor
Hidden Abelian Higgs

Two-Higgs-
Doublet

Three-Higgs-
Doublet

Hidden Higgs 
Portal

Higgs 
Singlet 

Extension
Composite 

Higgs

…and more

Additional scalars that might be neutral, charged, light, 
heavy, CP-even (H), CP-odd (A), etc.
A broad search program is required

… that could explain 
many issues
Dark 

matter
Vacuum 
stability

Baryogenesis
Strong 

CP

…and 
more
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BSM Scalar Searches at ATLAS
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Low-mass 
 resonances* 

 
* 
 

 

γγ
H → Za → Zγγ

t → H+b → csb
t → H+b → cbb
t → qX → qbb

High-mass 
* 

 * 
Heavy Higgs  
Multi-b, Multi-lepton 
Heavy Higgs  

Heavy Scalar  MET 
 

A/H → tt̄
tt̄A/H → tt̄tt̄

→ WW

→ Zγ
→ 4ℓ+

*recent results, highlighted in this talk
All searches discussed in this talk use the Run II data set 
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Low-mass  searchγγ
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Unique motivations

Light scalar partner to 
dark matter could explain 

excess of gamma rays 
from galactic center and 

AMS cosmic-ray  
spectrum

p̄

Spin-0 axion with weak 
coupling to Higgs could 

account for baryon 
asymmetry

Experimental complication: conversions

Searches 
conducted for both 

generic scalar 
(narrow and finite-

width) and low-
mass Higgs

20 - 65% of photons convert in the 
inner detector (depending on ) 

Converted and unconverted photons 
are subject to different backgrounds

η
Solution 

Divide diphoton data into three 
subsets, based on the number of 
converted photons (UU, UC, CC)
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Low-mass γγ
• Search in range   

• Backgrounds:  continuum , 

62 < mγγ < 120 GeV

γγ γj, jj, Z → ee
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misidentified as γabove trigger 
turn-on effects

below SM 
Higgs mass

Yields determined 
by fitting   
distributions

mγγ

dominantBDT used to distinguish 
converted s from 
prompt electrons

γ Second BDT used for S/B  
discrimination in H  search

cut 
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Low-mass  resultsγγ
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No significant deviations from background

Higgs search Generic scalar search
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Motivations 

In many 2HDM models, 
leading source of H+ 

production is via  events 
(if ) 

and leading decay mode is 
to cs: 

tt̄
mH+ < mt

t → H+b → csb
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S/B discrimination 

Main background is jets 
Distinguish from signal by: 

The above are combined in a BDT 

tt̄+

Jet flavor tagging   

Multivariate tagger used, with both b-tag and c-tag 
outputs.  Based on values, jet is classified as b, c 

or light 

Kinematic variables 

 event is reconstructed, and most likely 
assignment of reconstructed to true jets 

determined, allowing kinematic variables to be 
computed 

tt̄
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t → H+b → csb
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26 variables used in the BDT 

Four important ones shown here

Jet flavor: light, c, b

 based on angle between up-
type quark jet and b jet in H+/W 

frame 

Only variable sensitive to the 
boson’s spin

cos θ

Most variables depend on H+ mass 

Separate BDTs are used for each 
mass hypothesis
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 resultst → H+b → csb
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First direct limits on 
 for some mass 

points 

Currently the most stringent limits for 
all H+ masses

ℬ(t → H±( → cs)b)
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Search categories

 (1 and 2 lepton)A/H → tt̄
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Motivation 

 is dominant A/H  decay mode at low tt̄ tan β

Challenges 

Large SM  background 

Significant interference with SM diagrams 

tt̄
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 (1 and 2 lepton) resultsA/H → tt̄
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Examples of data/background comparisons 

No significant deviations, leading to model-dependent limits 
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 (1 and 2 lepton) resultsA/H → tt̄
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Analysis topologies:

 recently observed, and measured 
cross section leaves room for BSM contributions

tt̄tt̄

tt̄A/H → tt̄tt̄
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 also accessible in  events 

Interference effects are much smaller

A /H → tt̄ tt̄tt̄

Single lepton or two 
opposite-sign leptons (1L/2LOS) 

Large branching fraction, but 
also large background from 

jets 
tt̄+

Two same-sign leptons or ≥ 
3 leptons (2LSS/ML) 

Smaller branching fraction, but 
much smaller backgrounds 
(dominant: ) tt̄ + (W, Z, H)
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1L/2LOS analysis regions 

GNN used for S/B discrimination

tt̄A/H → tt̄tt̄
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1L

2LOS

2LSS/3L analysis uses a single signal 
region with: 

≥ 6 jets (≥ 2 of them b-tagged), 
HT > 500 GeV, and BDT trained for SM 

> 0.55 

Separate BDT is trained to 
discriminate A/H production from SM 

 tt̄tt̄
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 resultstt̄A/H → tt̄tt̄
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 resultstt̄A/H → tt̄tt̄
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Summary
• The ATLAS search program for additional scalar bosons 

spans a wide range of masses, couplings, and signatures 
- no evidence uncovered so far, leading to exclusions of 

some models/parameters

18

Still plenty of reasons to look for additional 
scalars, and many places left to search
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Backup

19
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Low-mass  Uncertaintiesγγ
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 BDT inputst → H+b → csb
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 Uncertaintiest → H+b → csb
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 (1 and 2 lepton) UncertaintiesA/H → tt̄
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 GNN variables (1L/2LOS)tt̄A/H → tt̄tt̄
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 Uncertainties (1L/2LOS)tt̄A/H → tt̄tt̄
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 Uncertainties (2LSS/ML)tt̄A/H → tt̄tt̄
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Additional Exclusion Plots
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Additional Exclusion Plots
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