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Greetings from Annecy!

I wish I could be 
with you in person… 
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Why search for physics beyond Standard Model? 

● Following a discovery of SM Higgs boson in 2012 @ the LHC, 
Standard Model (SM) is complete and self-consistent 

● But certain aspects of SM do not have an explanation

– What is origin of dark matter? 

– How to accommodate gravity?

– Why is Higgs light?

– What is the solution of 

the hierarchy problem?

– Why are there three generations? 

– …

Many theoretical 
models trying to 
address different

aspects: 

no clear guidance 
from theory  
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Why search for physics beyond Standard Model (SM)? 

● Following a discovery of SM Higgs boson in 2012 @ the LHC, 
Standard Model (SM) is complete and self-consistent 

● But certain aspects of SM do not have an explanation

– What is origin of dark matter? 

– How to accommodate gravity?

– Why is Higgs light?

– What is the solution of 

the hierarchy problem?

– Why are there three generations? 

– …

searching blindly...
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How do we search for new phenomena? 

Focus of this talk is on a selection of recent ATLAS results:  
- Signature-based searches (WH, mono-jet)
- Higgs as gateway to physics beyond SM (BSM)
- Searches relevant to ‘flavour anomalies’ discussion 

Talks by 
E. Soldatov, 
Ch. Kato

All analyses
presented use
full Run 2 data
set collected 
by ATLAS in 
2015-2018
(139 fb-1)
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Signature-based searches

WH event
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Search in WH (semileptonic) channel

● Models : extended gauge symmetry, Minimal Walking

Technicolor, Little Higgs, Composite Higgs, etc.

● Analysis is a bump hunt, but …collimated decay products, large-R 
jets : substructure

● Most sensitive probes of W  → WH are semileptonic decays′ → WH are semileptonic decays

– Resolved dijets or merged large-R jet: mW′ → WH are semileptonic decays= [0.4,5] TeV

– Higgs tagging (1 or 2 b-tagged variable-radius track-jets) 

● Results in Simplified Model : Heavy Vector Triplet

Resolved category 
dominates at low mass

No excess
observed

Cross-section 
limits <1fb 
at masses 

>3.7TeV

ATLAS-CONF-2021-026

Summary of diboson searches in backup.

http://cds.cern.ch/record/2773302?ln=en


7

Mono-jet search : « golden channel » for DM

● Selection : at least 1 jet ET>150GeV, 
MET>200GeV, no leptons/photons

● Models :  DM production in association 
with ISR jet (a), large extra spatial 
dimensions, supersymmetric particles in 
compressed scenarios (b), axion-like 
particles, new scalar particles in dark-
energy-inspired models (c)

● Backgrounds : Z(vv), W(lv)+jets, tt, single 
top from control regions

– Higher order QCD and EW corrections 
are applied

● Results : combined fit of SRs and CRs 
(systematics uncertainties included as 
nuisance parameters) 

– Model-independent 95% CL on visible 
cross sections range between 736 fb 
and 0.3 fb. 

– 95 % CL exclusion on Higgs→invisible 
branching ratio of 0.34(0.39) obs(exp)

Good agreement between data & SM prediction
“Precision” search: bkg uncertainty 1.5-4.2%

Phys. Rev. D 103 (2021) 112006 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112006
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Probing BSM phenomena with Higgs

VBF H → MET + γ  
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Higgs as a portal to invisible : Combination 

● Dark Matter – SM interactions mediated by 
Higgs boson could lead to enhancement in 
H→invisible decays (~0.1 % in SM)

● Higgs production as in SM : 

– Gluon fusion (MET+jet)

– Associated VH (MET+V), ttH (MET+tt)

– Vector-boson fusion (MET+2jets)

Results of combination from various Higgs 
productions (Run 1 + 2) : 95 % CL exclusion on 

Higgs→invisible branching ratio of 
0.11 (0.11) observed (expected)*

Combination of results translated
into a spin-independent DM-nucleon

 scattering xsec limit in Higgs portal scenarios:
interaction between DM and nucleus 

mediated by H exchange (m
DM

<1/2 m
H
 )

ATLAS-CONF-2020-052

*Global Higgs coupling combination limits <0.09 [ATLAS-CONF-2020-027] 

https://cds.cern.ch/record/2743055
https://cds.cern.ch/record/2725733?ln=en
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Higgs as a portal to invisible : VBF H + MET + γ  

● Selection : 1 photon + 2 jets (large 
|Δηjj|, small |Δɸjj|), MET>150GeV, 
MVA to improve sensitivity

● Bkgs : Z(vv)ɣ+jets & W(lv)ɣ+jets 
from CRs

● Results : combined fit of SRs and 
CRs

● VBF Higgs→ dark ɣ+ ɣ: 5 bins of 
mT(ɣ+MET) in 2 mjj categories 
(<+>1TeV)    

Results: 
Branching ratio 

Higgs (125GeV)→ɣ
d
ɣ 

< 0.014 (0.017) 
observed (expected)

ATLAS-CONF-2021-004

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-004/
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Exotic Higgs decays : bb+MET  

● Channel : ZH, H→                           , a→bb    

● Selection : 

– Z→ll (81<mll<101GeV, pT
ll>40GeV)

– ≥2jets, pT,j>20GeV, 20<mjj<120GeV

– ≥1 b-jets

– MET>100GeV 

● Backgrounds : Z+HF & ttbar from CRs

Results : 

● combined fit of SRs and CRs 

● mjj main analysis variable

● No excess

● Limits set for various ma,mχ1, mχ2 
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Exotic Higgs decays : H→aa→bbµµ   

● Exploit the excellent mμμ resolution to 
improve mbb via a kinematic likelihood fit

● Selection : ln(Lmax)> -8, 110 < mμμbb < 140 GeV, 
MET < 60 GeV

● 12 BDTs dependent on mμμ to separate signal 
from Drell-Yan and ttbar backgrounds  

● Excess of 3.3σ (1.7σ) local (global) observed 
at ma=52 GeV

ATLAS-CONF-2021-009
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-009/
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Exotic Higgs decays : H→aa→bbµµ   

● Exploit the excellent mμμ resolution to 
improve mbb via a kinematic likelihood fit

● Selection : ln(Lmax)> -8, 110 < mμμbb < 140 GeV, 
MET < 60 GeV

● 12 BDTs dependent on mμμ to separate signal 
from Drell-Yan and ttbar backgrounds  

● Excess of 3.3σ (1.7σ) local (global) observed 
at ma=52 GeV
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Exotic Higgs decays : 4b  

● Channel : ZH, H→aa→4b, a light, with small 
couplings => long lived

● Bkg : Z+jets

● Selection : prompt dilepton and jets from 2 
displaced vertices

– Analysis uses Large Radius Tracking and 
Displaced Vertex (VCI) reconstruction     
[ATL-PHYS-PUB-2019-013]

● Results : No excess, set limits

ATLAS-CONF-2021-005,
ATL-PHYS-PUB-2021-020

VH prompt  ZH displaced  H displaced (µ system)

https://cds.cern.ch/record/2669425/files/ATL-PHYS-PUB-2019-013.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-005/
https://cds.cern.ch/record/2772627/files/ATL-PHYS-PUB-2021-020.pdf
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Searches relevant to ‘flavour anomalies’ discussion

● Lepton Flavor Universality tensions 
observed in b→sll and b→ctaunu 
decays could hint at BSM physics 
involving new bosons or 
leptoquarks with preferential 
couplings to third generation SM 
fermions

● b→sll and b→ctaunu are connected 
to bs→ll and bc→taunu through 
crossing symmetry 

● which could indicate presence of 
new phenomena (Z’, LQ,
  RPV SUSY*) 

Diagrams are from CERN Courier     

https://arxiv.org/pdf/2002.12910.pdf
https://cerncourier.com/a/the-flavour-of-new-physics/
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Leptoquark (LQ) searches

Two scalar or a single vector LQ(s) could
explain the LFU anomalies: broad program 
of searches, focusing on 3d generation & 
cross-generation final states. 

Look for events with high p
T
 objects in 

final state, such as 2 jets & 2 leptons or a
charged lepton and a neutrino (MET).

Recent full Run 2 result targeting a LQs and 
top-squarks in final states with b-jets, 
tau-leptons and MET.

B = relative branching fraction of qv and ql: 
B(LQ→bv)=1-B(LQ→tτ); ƛ = coupling

For B(LQu
3
 -> bτ)=0.5 and B(LQd

3
→tτ)=0.5, 

limits for m
LQ

 reach 1.25 TeV

ATL-PHYS-PUB-2021-017

https://cds.cern.ch/record/2771726/files/ATL-PHYS-PUB-2021-017.pdf
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Search in τhadv final state

● Probe the mT spectrum for a very wide kinematic 
endpoint - detector effects / calibration are particularly 
important

● Selection : pT
τ>30GeV, electron/muon veto, 

MET>150GeV (due to trigger), 0.7<pT
τ/MET<1.3

● Bkg : W→τv (simulation), jets – data driven 

● No excess seen, cross-section limits ~1fb > 3TeV

ATLAS-CONF-2021-025

http://cdsweb.cern.ch/record/2773301/files/ATLAS-CONF-2021-025.pdf
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bsll contact interaction search

● B-anomalies inspired search

● Selection : one or no b-tagged jets, 2 leptons of opposite 
charge and the same flavor (electrons or muons), and large 
invariant mass. 

● Bkgs : Z+jets, ttbar

● No excess is observed in the data [largest is in SR ee1b 
corresponding to 2.6σ (1.5σ) local (global) significance]

● Contact interactions with Λ/g∗ lower than 2.0 (2.4) TeV are 
excluded for electrons (muons) at the 95% CL [still below 
the values favored by B-anomalies ~30TeV]

arxiv:2105.13847

https://arxiv.org/abs/2105.13847
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Summary

● Several highlights presented from a broad program searching for Physics Beyond the 
Standard Model : 
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HDBSPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

● No large deviations from Standard Model observed yet

– Vibrant activity on the mature Run-2 dataset in the months to come

– New innovative techniques and practices for Run 3 expected to start in 2022

● A discovery could be around the corner !

Questions? Contact
Tetiana.Hryn’ova At

cern.ch

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HDBSPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Backups
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Diboson searches summary

ATL-PHYS-PUB-2021-018

https://cds.cern.ch/record/2771783/files/ATL-PHYS-PUB-2021-018.pdf


22

Mono-Higgs (bb)

● Selection resolved (merged) : 

– >=2(1 large-R) jets, 

– =2 & ≥3 b-(sub)jets categories, (variable 
radius track jets for boosted Higgs ID)  

– 3 regions for 150<MET<500GeV 
(MET>500GeV)

● Backgrounds : V+jets (HF), tt from CRs

● Results : combined fit of SRs & CRs mJ or mbb

2HDM+a model allows to go beyond 
simplified models (UV complete)

ATLAS-CONF-2021-006

New channel

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-006/
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Leptoquark searches

● Lepton Flavor Universality tensions observed by LHCb could hint at BSM physics involving new 
bosons or leptoquarks with preferential couplings to third generation SM fermions

ATL-PHYS-PUB-2021-017

From E. Carquin/EPS

https://cds.cern.ch/record/2771726/files/ATL-PHYS-PUB-2021-017.pdf


24

Long Lived Particles

From K. Pachal CERN seminar
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