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Testing BSM Physics at the LHC
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● LHC is worldʼs most powerful discovery machine
○ Hope to find hints of BSM physics in direct searches and 

measurements as well

● Program driven by BSM and experimental results
○ Explaining unresolved mysteries in SM

■ Hierarchy problem, Unification, Dark matter, 
neutrino mass,  Matter-antimatter asymmetry … 

○ Strong hints from measurements
■ 𝜇 g-2, B-anomalies, direct detection of DM, 

cosmological constraints, neutrino oscillation  …

● Program driven by signatures in detector
○ Trigger and reconstruction algorithm are important
○ Improving techniques (ML) to explore more exotic world

■ Allow us to test new signature, more sensitivity

CMS

ATLAS



Higgs Physics @ LHC

3 /30Snowmass report arxiv:2211.11084

● In the SM, only 1 complex Higgs doublet is responsible for EWSB : 
One neutral, CP-even (Scalar) Higgs boson = h

But many questions remain !

Jeongeun Lee (SNU), 15 June 2023

The Higgs boson is connected to 
numerous fundamental questions 

Plenary talk on 12 June

Theoretical Perspectives on Higgs Physics 
is covered in the talk by Christophe Grojean

BSM Higgs sectors triple Higgs couplings    
is covered in the talk by Sven Heinemeyer

https://arxiv.org/pdf/2211.11084.pdf
https://indico.ibs.re.kr/event/540/contributions/4439/
https://indico.ibs.re.kr/event/540/contributions/4440/


BSM Higgs @ LHC
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● Examples of the interplay between experimental observables and fundamental 
questions connected to the Higgs boson

Snowmass report arxiv:2211.11084

https://arxiv.org/pdf/2211.11084.pdf


BSM Higgs Models @ LHC
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● There are many interesting BSM models to guide us at the LHC:
Higgs Singlet, 2HDMs, 2HDM+a, Composite Higgs, Higgs portal to Dark matter, FCNC ..

● Two Higgs Doublet Model (2HDM) extends BSM Higgs sector to include 2 complex H doublets  
(CP-even) h, H,  (CP-odd) A, H+, H-

○ Parameter : mass,  tanβ (ratio of vev, v2/v1) , α (mixing angle between the h, H)
○ Type 1 : One doublet couples to V(fermiophobic), one to fermions
○ Type 2 : MSSM like model, one doublet couples to up-type quark, one to down-type quarks
○ Type 3 : Lepton-specific model, same coupling to quarks as Type 1 & to lepton as Type 2
○ Type 4 : Flipped model, same coupling to quarks as Type 2 & to lepton as Type 1

● 2HDM+S : This model is an extension of 2HDM with an additional EWK scalar singlet. 

● Minimal Super Symmetry SM (MSSM) provides an elegant solution to the hierarchy problem, 
and potential Dark matter candidate
○ More specific MSSM model Mh125 fully determined at tree-level by mA and tanβ
○ The NMSSM is a particular case of 2HDM+S Type 2.

● In MSSM/2HDM Type 2, the couplings to b-quarks and τ-leptons are enhanced at high tanβ



How to Search for BSM Higgs @ LHC
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Additional Higgs, 
neutral H, A
Charged H+/-  H++

LFV, h→ llʼ

Light pseudoscalar h→aa

h→Invisible, h→ dark photons

X → HH Searches

X → HY Searches

● At the LHC, large group of BSM Higgs searches being covered with full Run-2
○ Only a few instructive and very recent results will be showing.

Many other list can be found in
ATLAS Publication List 
CMS Publication List

CMS-PAS-HIG-20-002

arxiv:2302.05225v1
CMS-PAS-HIG-22-002

CMS-PAS-HIG-22-007  
arxiv:2208.01469

arxiv:2209.06197

ATLAS-CONF-2023-031

The width of the observed 
resonance is very narrow, small 
coupling to BSM particles can lead 
to observable exotic decays of the 
Higgs boson at the LHC

CMS public Higgs Summary Results 
ATLAS-CONF-2021-052 

arxiv:2301.10731 
arxiv:2303.01214

CMS public Higgs Summary Plot 
ATLAS-PHYS-PUB-2022-043 

ATLAS-CONF-2023-016

ATLAS_HDBS-2020-12 

ATLAS_HDBS-2019-13

ATLAS-CONF-2023-034

ATLAS_HDBS-2020-12 

ATLAS-CONF-2023-035

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Publications
https://cms-results.web.cern.ch/cms-results/public-results/publications/Run2/index.html
http://cds.cern.ch/record/2852907?ln=en
https://arxiv.org/abs/2302.05225
http://cds.cern.ch/record/2851512?ln=en
http://cds.cern.ch/record/2853298?ln=en
https://arxiv.org/abs/2208.01469
https://arxiv.org/abs/2209.06197
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-031/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/
https://arxiv.org/abs/2301.10731
https://arxiv.org/abs/2303.01214
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-016/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2020-12
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-13
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-034/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2020-12
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/ATLAS-CONF-2023-035.pdf


Low mass SM-like H → 𝛄𝛄  Search 
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● Search for SM-like Higgs in di-photon mass 
spectrum, 70 – 110 GeV 

● Diphoton triggers with pT > 30, 18 GeV
● Background : SM 𝛄𝛄, dijet, 𝛄+jet, DY(ee)
● Event selection based on BDT photon ID
● Event classes with extra jet & year
● Extract Signal from the Background using a 

parametric fit to diphoton mass.

CMS-PAS-HIG-20-002

Result of a fit of the S+B model under a 
mass hypothesis of 95.4GeV

Data after 
subtracting the 
fitted background 
component

Is the 125 GeV Higgs the lightest Higgs ?

Jeongeun Lee (SNU), 15 June 2023

A previous CMS result at 8+13 TeV 
Local (global) significance of 2.8σ (1.3σ) 
@ 95.3 GeV.
Phys. Lett. B 793 (2019) 320

http://cds.cern.ch/record/2852907?ln=en
https://www.sciencedirect.com/science/article/pii/S0370269319302904?via%3Dihub


Low mass SM-like H → 𝛄𝛄  Search 
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● Maximum observed excess for a mass hypothesis of 95.4 GeV with local (global) 
significance of 2.9σ (1.3σ).

CMS-PAS-HIG-20-002 Jeongeun Lee (SNU), 15 June 2023

2.9 (1.3) σ

first result using full Run-2

http://cds.cern.ch/record/2852907?ln=en


Low mass H → 𝛄𝛄  Search

9 /30

LEP experiment 
(2003 July)

PLB.565(2003)61-75 

Jeongeun Lee (SNU), 15 June 2023

CMS experiment 
(2023 March)

CMS-PAS-HIG-20-002 

ATLAS experiment 
(2023 June)!!

ATLAS-CONF-2023-035

2461 pb−1 of e+e− collision data 
@ c.o.m energy = 189–209 GeV
 local 2.3 σ @ mH ≈ 98 GeV 

132.2 fb−1 of pp collision data @ 
c.o.m energy = 13 TeV
 local 2.9 σ @ mH ≈ 95.4 GeV 

140 fb−1 of pp collision data @ 
c.o.m energy = 13 TeV
 local 1.7 σ @ mH ≈ 95.4 GeV 

2023 updated 

No significant excess with respect to the background-only hypothesis is observed. 

mH = 70 – 110 GeV mH = 66 – 110 GeVmH = 80 – 120 GeV

T. Biekötter, Sven.H., G. Weiglein 2306.03889 

https://www.sciencedirect.com/science/article/pii/S0370269303006142
http://cds.cern.ch/record/2852907?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/ATLAS-CONF-2023-035.pdf
https://arxiv.org/abs/2306.03889


LFV H → e±𝞃∓ / 𝝻± 𝞃∓ Search

10 /30Jeongeun Lee (SNU), 15 June 2023ATLAS arxiv:2302.05225v1, CMS PRD.104.032013

LFV Decay widths

Branching ratios

τ→lʼν⊽ ,           τ→ hadrons + ν

● Search for the Lepton Flavor Violating decays             
of 125 GeV Higgs (eτ, µτ). 

● In the SM, Higgs couplings are diagonal Yij
● The discovery of LFV would suggest a Flavor Structure

● Multivariate techniques like BDT and DNN are 
employed to achieve maximum separation between 
signal and background to enhance sensitivity

https://arxiv.org/abs/2302.05225
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032013


LFV H → e±𝞃∓ / 𝝻± 𝞃∓ Search
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● Observed (expected) limits at 95% CL :
BR(H->e𝞃)< 0.23 % (0.12 %) & BR(H->𝝻𝞃) < 0.17 % (0.09 %)

● Best-fit  BR(H->𝝻𝞃)-BR(H->e𝞃) = (0.2 +/- 0.12)%, compatible with zero within 2.5σ 

Also,                          < 1.4 x 10-3  and                              < 1.2 x 10-3

Jeongeun Lee (SNU), 15 June 2023ATLAS arxiv:2302.05225v1, CMS PRD.104(2021)032013

H->e𝞃 H->𝝻𝞃

combined prod & decay modes combined

Best fit

SM

https://arxiv.org/abs/2302.05225
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032013


Also, set obs. upper limits on LFV Yukawa coupling :                            < 1.9 x 10-4

LFV H, X → e±𝝻∓ Search
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● Search for ʻbothʼ SM and BSM Higgs boson H, X→e𝝻, where 110 < mX < 160 GeV, 
following a bump hunt strategy.

● Obs (exp) BR: BR(H125→e𝝻) < 0.0044 % (0.0047 %)

Jeongeun Lee (SNU), 15 June 2023CMS-PAS-HIG-22-002 , ATLAS PLB 801 (2020) 135148 

local (global)
3.8 (2.8)σ
                 @146 GeV

http://cds.cern.ch/record/2851512?ln=en
https://www.sciencedirect.com/science/article/pii/S0370269319308706


Combining into hMSSM
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CMS public Higgs PAG Summary Plot ATLAS-PHYS-PUB-2022-043 

March 2023

Results for MSSM Higgs Boson Search : h125 interpreted as lower mass Higgs boson
Regions of the [mA, tanβ] plane excluded in the hMSSM via direct searches for heavy Higgs boson 

Jeongeun Lee (SNU), 15 June 2023

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-043/


H→aa combining into 2HDM+S

14 /30CMS public 2HDM Summary Plot 

March 2023 March 2023 NEW  NEW

Jeongeun Lee (SNU), 15 June 2023

● BR(H→aa) depend on the Types and model parameters. 
● Typically searched light Ma < MH/2
● Assuming the S has no direct Yukawa couplings, coupling to 

fermions are a result of mixing with the Higgs sector. 

Exotic decay mode :
SM H → aa search can constraint 
2HDM+S that conserve observed 
features of the SM.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Summary2HDMSRun2


H → aa → 4𝛄 Search 
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● Search for SM-like H→aa →γγγγ : well isolated four photons (resolved):
● ΔR(γ, γ) or  ΔR(γγ, γγ) > 0.2  ⇒ Probes the pseudoscalar mass range 15 < m(a) < 62 GeV 
● To improve sensitivity, train a 4 photon event classifier using variables uncorrelated to 

m(4γ) and look for a 125 GeV resonance in the m(4γ) spectrum of the signal-like events.

Observed upper limits on
 cross section range between 
0.80 - 0.26 fb, 
compared to Higgs production 
cross section of 52 pb
BR(H→aa →γγγγ) ~0.001 %

 statistically limited

very small contributions from SM

First search at 13 TeV

https://arxiv.org/abs/2208.01469


H → aa → 4𝛄  (Merged) Search 
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● Search for very low mass pseudoscalars decaying promptly to a merged di-photon
● Probes the pseudoscalar mass range   m(a) < 1.2 GeV 
● Probe merge Γ candidates in the SM H→𝛄𝛄 final state using novel photon reconstruction 

technique of end-to-end deep learning
● Fit 2D distribution of invariant masses m(Γ1) and m(Γ2)

* First search in this topology

Best constraints for this 
decay mode in very low 
mass (0.1 < m < 1.2 GeV)

Physics Briefing

BR(H→aa→4γ) < (0.09–0.33) %

https://arxiv.org/abs/2209.06197
https://arxiv.org/abs/2204.12313
https://cms.cern/news/using-ai-measure-what-was-once-thought-impossible


Light pseudoscalar a→µµ with tt
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 tt̄a                        t → H+b, H+ → W+a ● Search for a pseudoscalar a produced with tt, where a decays 
into clean di-muon (high mass resolution)

● Focus on two direct productions :  tt̄a , tt̄ with t → H+ → W+a  
● Predicted in 2HDM+S, NMSSM, Explain excess of galactic 

gamma-ray emission. 
● 15 < ma <72 GeV and 120 ≤ mH±≤160 GeV
● Mild excess at ma =27 GeV: 2.4σ (local) ⇒ Run-3 data

 tt̄a  t → H+b, H+ → W+a 

95% CL upper limit  
σ( tt̄a)BR(a→ µµ) : (0.5 - 3) fb

95% CL upper limit  
σ(t → H+b, H+→ Wa→µµ):(0.9 - 3.9)x10-6 fb

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2020-12


Summaries of resonant HH Search 
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CMS public Higgs Summary Results 

Higgs pair searches (full Run 2) : 
- bbbb (ATLAS, CMS),   bbWW (CMS)  
- bbττ ( ATLAS),  bbγγ (ATLAS, CMS) 
- WWWW, WWττ, ττττ (CMS)

Jeongeun Lee (SNU), 15 June 2023

Spin 0 or 2
← Branching Ratio of
    HH → xxyy

ATLAS-CONF-2021-052 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/


X → SHSM → VV𝞃h𝞃h  Search 
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○

ATLAS-CONF-2023-031 Jeongeun Lee (SNU), 15 June 2023

Resulting upper limits @ 95% CL :
 σ(pp→X→SH) range : 72 - 542 fb

● Search for heavy scalar X → singlet (S)+ SM Higgs 
● Appearing in 2HDM+X, NMSSM
● MX : 500 - 1500 GeV, Ms : 200 - 500 GeV
● Require :

H→τh τh   ,  S →VV → 1 or 2 leptons(= e, µ)
WW → lνqqʼ (1l), WW → lνlν (2l), ZZ → llqq, llνν (2l)  

● Utilizes BDT discriminant parameterized over MX

● Fake τh measured from DD using CR techniques

X(500) → S(300)H X(1250) → S(300)H

mS + (mX/25) = 320 mS + (mX/25) = 350

τh

τh

V 
V

72 fb

542 fb

320              350

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


Aheavy → ZHheavy  →lltt , 𝛎𝛎bb Search 
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lltt ννbb

ggF b-associated
● 2HDM, baryogenesis : CP-odd MA > MH

● Consider mass ranges:
MA > 800 GeV, MH >350 GeV (2 x Mtop)

● lltt Channel : Z → ll, H → tt (semi-L)
○ 3 leptons : eee, eeµ, eµµ, µµµ
○ ≧ 4 jets and exactly 2 b-tagged

● ννbb Channel: Z → νν, H → bb
○ pT

miss > 150 GeV, no charged leptons
○ ≧ 2 jets, exactly 2 b-tagged (ggF)

or > 2 b-tagged (b-associated)
● Max. local significance of 2.85 σ 

at (MA, MH) = (650, 450) GeV for lltt

A→ZH→lltt A→ZH→ννbb

First result in lltt channel     &   high M(H→bb) 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-034/
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Dark matter Search @ LHC

picture made by danyer.perez.adan@cern.ch Jeongeun Lee (SNU), 15 June 2023

dark higgs (WW+MET) 
CMS-PAS-EXO-21-012

2HDM+a combination
ATLAS-EXOT-2018-064

mono-Higgs
ATLAS arxiv:2305.12938

Summary of Higgs Invisible decay
ATLAS arxiv:2301.10731 
CMS arxiv:2303.01214

dark higgs dark photon (Z→hDAʼ)
ATLAS-CONF-2023-016

dark photon(ZH→llγAʼ)
ATLAS_HDBS-2019-13

Recent results of Dark Sector @ LHCb 
LHCb-TALK-2023-060 

To extend our searches to 
unreached scale, we need to 
add additional particles
on the top of dark matter. 

Stefania Gori

H

Public DM Results : ATLAS , CMS 

*dark photon (Aʼ , γd ..) *dark higgs (s, hd .. )

https://moriond.in2p3.fr/2022/EW/slides/3/2/6_DPerezAdan.pdf
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-012/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-64/
https://arxiv.org/abs/2305.12938
https://arxiv.org/abs/2301.10731
https://arxiv.org/abs/2303.01214
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-016/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-13
https://cds.cern.ch/record/2854869
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome#Papers_Conference_notes_Public_n
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/DM.html


Combination of 2HDM+a DM Searches
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Resonant
 (mono-Z/h)

non-resonant mono-jet resonant bb/tt t/b associated tbH+ prod h→aa
 (low mass)

bb-initiated (mono-Z)          (mono-h)

(mono-jet) bg induced (tW+DM)

Higgs not only provides mass, it could 
also serve as a portal into darkness !

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-64/
https://arxiv.org/abs/2306.00641


Combination of 2HDM+a DM Searches
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h→aa→xxyy
 (low mass)

 62 GeV

ma< 2mdm

ma> 2mdm

*first time, including h→ aa 
searches in this limits

h→invisible(DM DM)

         mono-h

next slide

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-64/
https://arxiv.org/abs/2306.00641


Invisible Higgs decays
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Exclusion Exclusion

● Search for possible Higgs decay in Dark Matter
● SM expectation BR(H→inv) ~ 0.1 % (given by ZZ* → 4ν)

           ⇒ Enhanced decay in models, where  mDM < mH/2 light enough
● Combination between all the signatures in Run 1+2

ATLAS : BR(H→inv) < 10.7% (7.7 % expected) @ 95% CL
CMS     : BR(H→inv) < 15% (8 % expected) @ 95% CL

https://arxiv.org/abs/2301.10731
https://arxiv.org/abs/2303.01214


Dark higgs (Zʼ → s𝛘𝛘 , s→ W+W-)
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● Search for Dark matter and dark higgs in WW (decay of dark Higgs singlet  s) +pT
miss 

● m𝜒 : 100 – 300 GeV,  mZʼ : 200–2500 GeV, ms : 160 –400 GeV ( WW highest BR)
● 2 final states : Di-leptonic (µe, eµ) , Semi-leptonic(1 lep+ ≧ 2jets)
● Discriminators : 

(mT of subleading lepton and pT
miss- mll ) in di-leptonic channel

ues BDT in semi-leptonic channel

gq = 0.25
g𝜒 = 1
sinθ = 0.01

Most stringent limit for mDM = 200 GeV :  ms < 350 GeV exclude at mZʼ = 700 GeV
                                                                                       mZʼ < 2200 GeV  excludes at ms = 160 GeV

Di-leptonic                                   Semi-leptonic                                        Combined result

mll 
 >120

mll 
90-120

mll 
60-90

mll 
12-60

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-012/index.html
https://arxiv.org/abs/2211.07175


Jeongeun Lee (SNU), 15 June 2023

Dark photons Search (ZH→llγγd)
)
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● Search for SM Higgs boson decaying into dark photon γd in VH production topology. (leptonic)
● Considering the signal with massless/massive  γd

● A BDT has been used to distinguish signal events from the SM background
● Set constraint on BR (H→ γγd ) ~ 2 %

ATLAS_HDBS-2019-13

95% CL exclusion limits on BR(H→ γγd) for mγd

Excluded

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-13


Jeongeun Lee (SNU), 15 June 2023

Dark photons Search (Z → Aʼ hD, hD→ AʼAʼ*)
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● A search for the dark photon Aʼ produced in association with the 
dark Higgs boson hD via rare SM Z decays.

● Higgs strahlung : sensitive to coupling Aʼ–SM (ε) and Aʼ–hD (αD)
● In final state : at least two Aʼs decay into pairs of leptons
● Discriminator : average dilepton mass
● Focusing on mAʼ : 5 –40 GeV,  mhD : 70 GeV  (mhD > mAʼ)

ATLAS-CONF-2023-016 , BELLE PRL.114(2015)211801 

 e+ μ+

 e- μ-

 e+ μ+

 e- μ-

ε
αD

Cover significantly wider ranges
complement with prev. result

veto
m(ϒ) region 
[8.8 –11.1] GeV

* First search in this topology

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-016/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.211801


Wʼ → tb Search
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 WʼR < 4.3 TeV

 WʼL < 3.9 TeV

Selecting jet from top decay  
     M(lνj) closest to top mass
     ΔR closest to lepton and subleading

● Search for Wʼ range 2 – 6 TeV , following a bump hunt strategy in m
● Event with one muon or electron + At least two ak4 jets
● Probe different width scenarios(ГWʼ/MWʼ): 1, 10, 20, 30%
● Categorization based on Nb and b-tagging 

condition of top jet and Wʼ jet

Largest local (global) excess around Wʼ@3.8 TeV 
for 1 % width with significance : 2.6 σ (2.0 σ)

W'->lnu Search with full Run2 (CMS) 
covered on Tue  Parallel: Collider Physics

Interference with SMNo Interference 

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-012/index.html
https://indico.ibs.re.kr/event/540/contributions/4428/


Wʼ → WZ(H) Search
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DY

VBF
2210.00043 (CMS-PAS-B2G-20-009)

ATLAS

CMS

DY VBF

https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-009/index.html


Conclusion
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● A lot of progress in BSM Higgs, W ,̓ and DM searches have made with LHC Run-2 
datasets with excellent ATLAS and CMS detectors.

● Some of mild excesses worth keeping an eye on, but no convincing sign of BSM 
physics have shown up yet.

● A special role will be covered by the Higgs boson

● LHC data will be 2 times in size for Run 3 (2022-2025), and up to 10 times in size 
for the high-luminosity LHC (expected 2029 - )

● Run 3 will provide a significant boost in statistics to search for New Physics.

Jeongeun Lee (SNU), 15 June 2023

Stay tuned for many more interesting results with  Run-2 & Run-3 !!!



Backup
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Thank you for your attention

Jeongeun Lee (SNU), 15 June 2023



H → aa → 𝝻𝝻bb, 𝞃𝞃bb  Search 

32CMS-PAS-HIG-22-007  

µµbb         ττbb
(µτh, eτh, eµ)

combined :
µµbb + ττbb 

Jeongeun Lee (SNU), 15 June 2023

● Covers range 15,12 < m(a) < 62 GeV (Resolved)
● Type-independent limits on BR(H→aa→llbb) in 2HDM+S 

are derived combining µµbb + ττbb as a function of ma
● µµbb + ττbb combination : 

BR(H→aa) values excluded above 23% (Typ-2 tanβ > 1),                  7% 
(Type-3 tanβ = 2.0), and 15 % (Type-4 tanβ =0.5) ~0.2 GeV ~3.5 GeV    ~8.5 GeV

http://cds.cern.ch/record/2853298?ln=en


LFV H → e±𝞃∓ / 𝝻± 𝞃∓ Search

33Jeongeun Lee (SNU), 15 June 2023ATLAS arxiv:2302.05225v1, CMS PRD.104.032013

● Background
● The top-quark processes :34%–54% of the total background,  𝑍 → 𝜏𝜏 : 23% (11%) of the total background in the non-VBF (VBF) SR
● Diboson:19%–32% of the total background,   𝑍 → 𝜇𝜇 : 2% (sizable on µτ)
● Misidentified : A data-driven method is used → contribution from events having at least one light lepton originating from 

heavy-flavour decays, photon conversion, a jet or a 𝜏h misidentified as a light lepton

Systematic unvertainties

https://arxiv.org/abs/2302.05225
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032013
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Heavy A → ZHheavy  →lltt , 𝛎𝛎bb

Jeongeun Lee (SNU), 15 June 2023

A→ZH→lltt

A→ZH→ννbb
Max. local 
significance of 
2.85 σ 
at (MA, MH) = 
(650, 450) GeV 
for lltt



BR(h→aa) in 2HDM+S

35Jeongeun Lee (SNU), 15 June 2023Phys. Rev. D 90 (2014) 075004

Predicted BR of a→SM

Decays to quarkonia likely 
invalidate our simple calculations 
in the shaded regions.

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.075004


End-to-end DL to reconstruct merging

36Jeongeun Lee (SNU), 15 June 2023CMS arxiv:2204.12313

overlappedseparated but 
start to overlap

hard to distinguish from 
single photon

End-to-end deep learning : the technique bypasses existing rule-based particle reconstruction methods typically 
used in high energy physics analyses. It uses minimally processed detector data as input and directly outputs 
particle properties of interest. Using inputs that are as unfiltered and 

informationally rich as possible !

https://arxiv.org/abs/2204.12313


Mono-Higgs Search (A→Ha →𝞃𝞃 𝛘𝛘)

37

● Search for dark matter (DM) appears as  pT
miss   in association with a SM Higgs boson

● In 2HDM+a, pseudoscalar singlet ʻaʼ could be a mediator between SM and DM
● First exploration of mono-H → ττ signature with hadronically decaying τh

Jeongeun Lee (SNU), 15 June 2023

Exclusion

● Ma : 100 – 400 GeV , MA : 300 –1400 GeV 
● σvis < 0.04 − 0.08 fb
● No significant deviation from the SM prediction is found

ATLAS-HDBS-2018-50 arxiv:2305.12938 

Exclusion

Exclusion

https://arxiv.org/abs/2305.12938


Jeongeun Lee (SNU), 15 June 2023

Dark photons Search (ZH→llγγd)
)

38ATLAS_HDBS-2019-13

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-13


BSM Higgs Model

39Jeongeun Lee (SNU), 15 June 2023

Model Higgs spectrum Possible H pair mode from resonant

SM+Real Singlet (RxSM) dark phase : hSM, DM , broken phase : hSM, S DM DM, hSM hSM, S S

SM+2Real Singlet (TRSM) broken phase : hSM, H1, H2 hSM hSM, H1 H1 , H2 H2 , H1 H2  ,hSM H1

SM+Complex Singlet (CxSM) dark phase :  hSM, S, DM, broken phase :  hSM, H1, H2 hSM hSM, S S, DM DM, H1 H1 , H2 H2 , H1 H2  ,hSM H1

2 Higgs Doublets (2HDM) CP conserving :  hSM,H, A hSM hSM, H H 

2 Higgs Doublets, SUSY (MSSM) CP conserving :  hSM,H, A hSM hSM, not H H  (due to constraints)

2 Doublets, 3 Higgses Mix (C2HDM) CP violating :  hSM, H1, H2 hSM hSM, H1 H1 , H2 H2 , H1 H2  ,hSM H1

2 Doublets, 1 Real Singlet (N2HDM) hSM, H1, H2, A hSM hSM, H1 H1 , H2 H2 , H1 H2  ,hSM H1

2 Doublets+1 Complex Singlet 
(2HDM+S)

hSM, H1, H2, A1, A2 hSM hSM, H1 H1 , H2 H2 , H1 H2 , hSM H1,  hSM A1, 
A1H1 , A1H2

2 Doublets+1 Complex Singlet, 
SUSY (NMSSM)

hSM, H1, H2, A1, A2 hSM hSM, H1 H1 , hSM H1,  hSM A1, A1H1 

(not  H2 H2 , A1H2 , H1 H2  due to constraints)


