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ID & Links Topology Released Model

1 B2G-23-004 gKK → gR → gWW June 24 EWED

2 B2G-23-006 A → ZH → ll tt → ll+jets March 24 2HDM

3 HIG-22-004 A→ZH→ llτ!τ! July 24 2HDM

4 SUS-23-012 A→Hα→ ττ χχ July 24 2HDM+α
5 SUS-23-018 (bb)H→ZA→ ll	χχ July 24 2HDM+α
6 B2G-23-008 Z’ → ZH → ll/vv cc/4q March 24 HVT

7 B2G-23-002 X→YH / HH March 24 many

8 EXO-22-024 X→γγ March 24 WED,ADD

Summary plots

Relevant new results not covered; some in backups, others in Elisabetta’s talk 

9 HIG-22-012 X→YH / HH→ττγγ March 24 WED,ExtH

10 EXO-21-015 VBF   Z’→WW→ llvv June 24 Z’
11 EXO-21-017 X→Wγ → lvγ March 24 W’
12 HIG-24-002 X→ZZ→4l July 24 2HDM,WED

Outline:  New results in this talk
New CMS results 

released last ~8 months

Full run 2 data: 138 fb-1

Full list of CMS BSM physics results:
• Preliminary results: Here 
• Publications: Here
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-018/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-008/index.html
https://arxiv.org/abs/2403.16926
https://arxiv.org/abs/2405.09320
https://indico.cern.ch/event/1414470/timetable/?view=standard
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-22-012
https://indico.cern.ch/event/1409192/contributions/5961411/attachments/2861170/5046077/exo21_015_highlights.pdf
https://indico.cern.ch/event/1409192/contributions/5961411/attachments/2861170/5046077/exo21_015_highlights.pdf
https://cds.cern.ch/record/2905051?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/
https://cms-results.web.cern.ch/cms-results/public-results/publications/
https://cms-results.web.cern.ch/cms-results/public-results/publications/


Tri-W; WKK →	WR →	WWW
merged & resolved R; final states: 0l & 1l

2201.08476 , 2112.13090

EW fields propagate at the bulk Hypercharge at the bulk QCD fields at the bulk

tri-γ signature - yet unexplored

This analysis 
gKK →	gR →	gWW

the following search

Tri-jet (resolved)
gKK →	gR →	ggg

2310.14023

Di-jet (merged)
gKK →	gR →	ggg

2201.02140

EWED landscape & gKK→gR→gWW
Extended Warped Extra Dimension (EWED) model (K.Agashe, et al, 1612.00047, 1711.09920, 1809.07334)

• Extra brane by splitting à extended bulk à 3 or more branes, 2 or more Radion
• “Di-SM-objects” suppressed, in favor of “tri-SM-objects” à A wealth of new signatures
• Various fields propagate in different sub-spaces, 3 main scenarios:
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NEW

https://arxiv.org/abs/2201.08476
https://arxiv.org/abs/2112.13090
https://arxiv.org/abs/2310.14023
https://arxiv.org/abs/2201.02140
https://arxiv.org/abs/1612.00047
https://arxiv.org/abs/1711.09920
https://arxiv.org/abs/1809.07334


• 3 jets, AK8, PUPPI;  2 jets with SD-mass mja,jb>50 GeV
• W→qq identification with ParticleNet tagger 1902.08570 

  

- Graph NN, treat jets as particle cloud
- Convolution on point clouds (EdgeConv 1801.07829)

• Tagger:   p(W→qq)	/	[p(W→qq)	+	p(QCD)]

Search for  gKK→gR→gWW
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B2G-23-004
CDS records

2 bins over 
tagger scores à

• SRs:  m85<15 GeV
• CRs:  m85>15 GeV

used in QCD estimate.

https://arxiv.org/abs/0802.1189
http://www.arxiv.org/abs/1407.6013
https://arxiv.org/abs/1902.08570
https://indico.cern.ch/event/745718/contributions/3202526/attachments/1753880/2842817/jet_as_particle_cloud_ml4jets_20181115_hqu.pdf
https://arxiv.org/abs/1801.07829
https://cms.cern.ch/iCMS/analysisadmin/getcfile?file=next&comment=10367
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-004/index.html
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gKK→gR→gWW: binning, results, & limits

• Form mR=mjj, mgKK=mjjj

• Apply corrections to 
mjj*, mjjj* as:

  
à improved resolution

• Binning over mjj*/mjjj*
• 10 SRs are formed
• QCD estimate from CRs:

  

• Fit the mjjj* in 10 SRs à

1st time 
constrains

1 out of 10 spectra



Search for  A→ZH→ ll tthad

• Two Higgs Doublet Model (2HDM) introduces an 
additional Higgs doublet to the SM 
à 5 Higgs bosons: h, H, A, H±

 

• Free params: mA, mH, mH±, mh, tan(β)=v1/v2, α
  

• Alignment limit “cos(β-α)=0” à h is SM-like

• Low mA/H, low tan(β) region explored in ll bb-
channel JHEP(2020), H→bb dominant, sensitive for 
mH<mtt

• High mA/H, unexplored at LHC so far:
This AZH(ll	tt) analysis focuses on mH>mtt with 
H→tt dominant 

• Further motivation: Baryon asymmetry can arise 
from EW baryogenesis facilitated by 2HDM 
configurations requiring a first-order electroweak 
phase transition (FOEWPT) 2208.14466 (fig.3, left).

à This search targets this region.

• The tt→bqq bqq (resolved jets) & Z→ ll is 
considered [for 1st time]

JHEP06(2020)163

B2G-23-006
CDS records
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ß First probe

https://www.arxiv.org/abs/1106.0034
https://link.springer.com/article/10.1007/JHEP03(2020)055
https://arxiv.org/pdf/2208.14466
https://link.springer.com/content/pdf/10.1007/JHEP06(2020)163.pdf
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html


A→ZH→ ll tt: selection & BKG estimate
• Data: single/double-e/μ triggers (eff.>97%)
• Signal:  LO (MG5),  ggA production,  Γ/mA,H=3%.

  

• N l	= 2,  ee/μμ, OS, |mll - mZ|< 5GeV
• tt → jets  

tt-system (mtt=mH) reconstructing minimizing a χ2

  

• Nj ≥ 5,  AK4, CHS jets à binning
• Nb = 0,1,≥2  (DeepJet Mid-WP) à binning
  

• Use Δm = mA-mH,  pTZ variables[*] à form elliptical 
bins in pTZ×Δm plain, centered at signal mean

  

• Dominant BKGs: tt, ttZ à from SB:  |mll - mZ|>5 GeV
                           Z+jets à from Nb=0 CR

• 6 bins over Nb, Nj, (4 SRs, 2CRs), 
6 bins over pTZ×Δm à 24 in total
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𝐩𝐓(𝒁)

𝚫𝒎
= 𝒎

𝑨 −𝒎
𝑯  

https://iopscience.iop.org/article/10.1088/1748-0221/15/12/P12012
https://www.arxiv.org/abs/1807.07734


A→ZH→ ll tt: limits & 2HDM constrains

23/10/24 7New Resonances Decaying into Bosons - Antonis Agapitos, PIC 24

observed upper limits

2.1σ local

x  ß CMS 2.1σ local

x ßAtlas 2.9σ local 

Type-II 2HDM constrains:

B2G-23-006
CDS records

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html


• 2HDM (CP-odd A, SM-like h): 
• ggA productions  à  Nb=0
• bbA productions  à  Nb≥ 1
• 3 modes:  H→ τ%τ%, 	eτ%, µτ% (DeepTau)
• 2 modes:  Z →ee, μμ

e(μ)[b]: ID eff. 90(99)[80]%, misID eff. 1(0.2)[1]%

• Dedicated ττ-mass estimator used: 
FastMττ-algorithm, corrects for 
neutrinos using constrain: mττ =125 GeV.

• Fit the mll!!
&'().	variable in 6 channels.

• Significant width improvement +",#
: 5-7%

Search for  A→Zh→ llττ
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HIG-22-004
CDS 

records

Nb=0

ggA

Nb≥ 1 

bbA

https://www.arxiv.org/abs/1106.0034
https://www.arxiv.org/abs/2201.08458
https://www.arxiv.org/abs/1603.05910
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-004/index.html


2HDM+α,   A→ αh,   bbH→ αZ 
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• 2HDM+α:  α: additional pseudoscalar Dark Matter mediator, h: SM-higgs, H: BSM-higgs.
• Search for DM production in “mono-h/Z” signatures:  h/Z boson recoiling high p-,.)). 

• ggA production
• h→ τ%τ%, 	eτ%, µτ% 

à 3 SRs.
• Fit the MT

total.

SUS-23-012
CDS records

SUS-23-018
CDS records

• bbH production 
• Z→ ee/µµ 
• Nb≥ 1 
• MT>90 GeV
• DY, ZV from CRs
• Fit MVA discriminant

https://www.arxiv.org/abs/1810.09420
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-018/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-018/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-018/index.html


Search for  Z’→ZH→ ll/vv cc/4q           
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• Heavy Vector Triplet (HVT) 
model à New spin1: Z’, W’  

  

• Predicted by weakly coupled 
extended gauge sectors, little 
or composite  Higgs models.
  

• Model B considered here
 
V’ →VV/VH is dominant à

  

• mZ’>1.4 TeV à boosted jet

B2G-23-008
CDS records

2403.16926

• Z→ ee / μμ / vv
• H→cc (3%) / 4q (12%)
• Complementary to the 

H→ bb analysis 2102.08198

Selection:
• 2 OS-SF l , p-ll > 200 GeV or 
• p-,.)) > 250 GeV from Z→vv

• H-tagging: ParticleNet >0.95

• Vetoing b-subjets.
• Signal eff.~50%, BKG-eff.~ 1%

AK8		Jet

Z→μμ                                     Z→vv 

https://arxiv.org/pdf/1402.4431
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-008/index.html
https://arxiv.org/pdf/2403.16926
https://arxiv.org/pdf/2102.08198
abs


Z’→ZH→ ll/vv cc/4q,  BKG modeling  
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Z→μμ                                     Z→ee Z→vv

• Signal eff. better for the 
vv-channel à 

• SM BKG prediction
with parametric func.:
 

f(x)	=	exp(p0+p1x+p2x2)
  

• Validation at low tagger 
scores VRs & simulation,
& also F-tests applied.
    

• Signal: DS-Crystal-Ball.

AK8		Jet



Z’→ZH→ ll/vv, cc/4q:  Limits & Interpr.
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• Comparing & combining the 3 channels:

• Upper limits on σB(Z’→ZH) and 
constrains at Model A/B: • Excluded gF, gH param. space for given mZ’:

                              couplings of Z’ to H/V
                              couplings of Z’ to fermions

AK8		Jet



Review article: X →	HH, HV, HY 2403.16926
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Searches for Higgs boson production through decays of heavy resonances

Statistical combination         hMSSM interpretation          Run5 projection

Statistical 
combination

https://arxiv.org/pdf/2403.16926
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Search for resonant X→γγ	2405.09320

• RS spin-2 Graviton in WED 
• Heavy H-like scalar (S)
  

• Select γγ events.
• Unbinned fit over the two 

EBEB, EBEE spectra mγγ.  
  

• 4 parametric functions fit in 
data (discrete profiling scan)

  

• Signal: pythia8 LO, multiple Γ/m.

ß0.8σ global

γ

γ

γ

γ

https://arxiv.org/pdf/2405.09320
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Search for non-resonant γγ	signal 2405.09320

• ADD large ED model 

• Select γγ events.

• EBEB, EBEE categoriesà

• QCD BKG prediction: 
- γγ: Sherpa scaled at NNLO with MCFM.
- jγ,jj = fakes: 10-30%, data0driven with fake rate.

• Fit the two binned mγγ  spectra in range 0.5-4 TeV.

• Lower limits on MS (or ΛT) scale vs number of ED: (~11 TeV)

• Interpretation on Continuum Clockwork Mechanism à
Constrains on M5 mass vs clockwork spring “k”.

Excluded

https://arxiv.org/pdf/2405.09320
https://www.arxiv.org/abs/hep-ph/9803315
https://www.arxiv.org/abs/1603.02663
https://www.arxiv.org/abs/1610.07962
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Summary plots & model constrains Twiki

HVT Model B BRs 
(DY production)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
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Run3 is ongoing, and BSM physics 
may be just around the corner - Stay tunned!

BSM hidden zoonew boson!

Run3!



23/10/24 18New Resonances Decaying into Bosons - Antonis Agapitos, PIC 24

Backup slides



VBF   Z’→WW→ llvv   EXO-21-015
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https://indico.cern.ch/event/1409192/contributions/5961411/attachments/2861170/5046077/exo21_015_highlights.pdf
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Reso & non-reso X→HH/HY→ττγγ EXO-22-012

https://cds.cern.ch/record/2893031?ln=en


X→Wγ→lvγ EXO-21-017
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Combination 
with W→qq

Γ/m=5%, 
   =0.01%

https://cds.cern.ch/record/2893032?ln=en


SUS-23-012
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SUS-23-018
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23/10/24 24New Resonances Decaying into Bosons - Antonis Agapitos, PIC 24



Extended Warped ED (EWED) model: 
• Extra brane by splittingà extended bulk. 
• 3 or more branes, 2 or more Radions. 
• Various fields propagate in diff. regions:

• Di-SM suppressed 
in favor of tri-SM:

• A wealth of new 
signatures emerges:

Motivation: BSM physics beyond minimal
• Hierarchy:  EW-MPI scale gap motivates BSM physics.
• No BSM physics yet à time to look in non-standard final states/scenarios.

• LHC Signals from Cascade Decays of Warped Vector Resonances  arXiv:1612.00047
• Dedicated Strategies for Triboson Signals from Cascade Decays of Vector Resonances  arXiv:1711.09920  
• Detecting a Boosted Diboson Resonance  arXiv:1809.07334

Minimal Warped ED model:
• 2 Branes in bulk (in the RS framework).

Everything propagates to the same bulk: 

• Di-SM dominant 
phenomenology:

• Constrained by 
LHC searches.

Theory sources: 
Kaustubh Agashe, et al 

his talk at CMS
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https://arxiv.org/abs/1612.00047
https://arxiv.org/abs/1711.09920
https://arxiv.org/abs/1809.07334
https://arxiv.org/search/hep-ph?searchtype=author&query=Agashe,+K
https://indico.cern.ch/event/755143/contributions/3129333/attachments/1713233/2762825/multi_boson.pdf


Tri-W; WKKàWRàWWW
merged & resolved R; final states: 0l & 1l

2201.08476 , 2112.13090

EW fields propagate at the bulk Hypercharge at the bulk QCD fields at the bulk

tri-γ signature - yet unexplored

This analysis 
gKKàgRàgWW
This search PAS

Tri-jet (resolved)
gKKàgRàggg

2310.14023

Di-jet (merged)
gKKàgRàggg

2201.02140

EWED landscape & CMS searches

Benchmark points & 
associated dominant

process à
(from 1612.00047)

ß  2201.02140 & 2310.14023

ß This search PAS

ß 2201.08476 & 2112.13090
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https://arxiv.org/abs/2201.08476
https://arxiv.org/abs/2112.13090
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-004/index.html
https://arxiv.org/abs/2310.14023
https://arxiv.org/abs/2201.02140
https://www.arxiv.org/pdf/1612.00047.pdf
https://arxiv.org/abs/2201.02140
https://arxiv.org/abs/2310.14023
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-004/index.html
https://arxiv.org/abs/2201.08476
https://arxiv.org/abs/2112.13090


Preselection cuts:
1. Nj-AK8=3,  Nlep=0, 
2. pTj1(j2,j3) > 400 (200) GeV,  

|ηj| < 2.4,     η=
3. mja,jb > 50 GeV,
4.                           >1.1 TeV

• We use benchmark point at which the dominant process is:  gKK à gR à gWW
• Big advantage of the W-tagging & narrow mass-window to suppress BKG.

• gKK is spin-1, R is spin-0
• We focus on the 0l channel:  gKK à gR à gWW à jets  (BR~56%)
• We cover only the resolved R case:  0.2<mR/mgKK<0.9 à 3 jets 

Signal topology & Preselection 

Strategy:
1. Tri-jet selection,
2. identify (tag) 2 jets as 

W-candidates with PNet,
3. form mjj (R) and mjjj, (gKK),
4. bin over mjj, fit mjjj. à
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Datasets, Trigger, & MC samples
DATA:  pp collision at 13 TeV 

• Full Run 2 (JetHT) dataset used.
• Trigger paths: 

HT (                    ) & mjAK8–based
• L = 138 fb-1

• Triggers OR combination found 
to be eff. >~99% for HT>1.1 TeV.

BKG samples 

Simulation (MC) Madgraph, Pythia ...

σB [fb]

Signal: 72 points, MG, LO 
  

 2D-scan: mR, mgKK:

        Interpolation 
        across 
        72 points

23/10/24 28New Resonances Decaying into Bosons - Antonis Agapitos, PIC 24



W-candidate selection on mjet
• Wàqq are boosted:

using the anti-KT algo
form single AK8 jets

• The 2 highest ParticleNet score jets ja, jb are 
assigned  to be the W-candid., gluon is jc.

• We demand the jets Soft Drop 
masses mja,jb, to be on W-peak
with the condition of m85 variable:

• We define 3 regions based on m85:
- Signal Regions (SRs)have:m!" < 15	GeV.
- Control Regions (CRs) are: m!" > 15	GeV & m#$ < 50	GeV
- Validation Regions (VRs): 15 < m!"< 20	GeV.

 
   
The Soft-Drop is an algorithm which remove soft & wide-angle 
radiation from within the jet, improving mass scale & resolution:

m#$ ≡ (m%& + 85)'+(m%( + 85)'< 15	GeV

We use the anti-kT algo to 
cluster individual particles 
(PF candidates) into jets 
(using clustering param. R).
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https://arxiv.org/abs/0802.1189
https://arxiv.org/abs/1902.08570
https://arxiv.org/abs/1402.2657
https://arxiv.org/abs/1402.2657
https://arxiv.org/abs/0802.1189


W-tagging with PNet & SR binning 
• Use Particle Net (PNet) tagger (1902.08570) 

to identify Wàqq merged jets.
à Graph NN, treat jets as particle cloud à
à Convolution on point clouds (EdgeConv 1801.07829)

• Use PNet (MD) scores of ja & jb to select as:

  

•   SRa  à   both jets with  PNetja,jb >0.9
•   SRb à   PNetja>0.9  &  0.8<PNetjb<0.9
    

• No demands for gluon candidate (mjc or PNetjc) 
à maintain generality and provide sensitive to 
signals like: XàAWW, or XàWW + jISR/FSR.

SRb SRa

PNet Tagger is calibrated with 
SFs formed on tt data sample:
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https://arxiv.org/abs/1902.08570
https://indico.cern.ch/event/745718/contributions/3202526/attachments/1753880/2842817/jet_as_particle_cloud_ml4jets_20181115_hqu.pdf
https://arxiv.org/abs/1801.07829


R, gKK reconstruction & SR binning
• MR reco. from ja, jb:

• MgKK reco. from ja, jb, jc:

• à i.e. we correct invariant 
masses to mitigate reso. 
effect from jet SD masses.
à sharper peaks (see Fig.4).

à ~3% significance gain.

• From ratio mjj*/mjjj* and 
define 5 bins SR1—5  à

• Effectively binning over mR.
• In each of these 5 SR we 

have 2 SRs (SRa, SRb) 
based on PNet scores.

• Thus, we have 10 SRs.
• We fit the mjjj* spectra.
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https://arxiv.org/pdf/2112.11876


BKG prediction in 10 SRs

1. Nj-AK8=3,  Nlep=0,
2. pTj1(j2,j3)>400(200)GeV  

|ηj| < 2.4,
3. mja,jb > 50 GeV,
4. HT > 1100 GeV, 
5. m85 < 15 GeV,
6. PNet > 0.8, & binning
7. |Δηjj|max < 3
8. Nb=0 (CHS, tight, deepflavor)

SR full selection 
summary

10 SRs categories:

• Dominant à data-driven prediction 
  

• Form Control Regions (CRs) defined in 
mja,jb sideband as:  m85>15 & m90<50 GeV 
keeping the rest conditions as in SRs.

 

• Form 10 CRs: CR1–5a & CR1–5b 
 

• Similar kinem/cs to SRs; high QCD purity.
   

• Predict QCD with à
  

• We validate QCD pred. in 10 VRs (defined by 15<m85<20 GeV).
 
                                           3–8%
                                   8–16%     

    

• Subdominant BKGs à use MC for prediction
 

• We correct the MC applying SFs for PNet selection eff. per 
matched Wàqq jets.

  

• We validate Top MC (shape & rate) in dedicated samples (bRs) 
like the SRs but with Nb≥1.

  

• We assign conservative (large) rate unc. for these 3 BKGs.

80-90% 
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Systematic Uncertainties

• QCD 20%  based on validation prefit disclosure & MC low stat. 
• Top 50%  based on data in bRs,  Other 30% based on similar search.

All uncorrelated across 10 SRs à 30 nuisances.
    

• Vary “rest” in QCD BKGs prediction by x2 down, x0 up.
• Shift CR circle center: m90<50 (central) à m85<50 (down), m95<50 (up).

    
• Lumi, PU, PDFs, QCD scales μF, μR : 1—10%
• PNet SFs unc. à 6% [12%] per jet [event] (we have 2 Wàqq jets/event)  

    

• JEC & JER: +σ/-σ variations à forming templates per point, per SRs.

Si
gn

al
   

   
   

   
   

   
 B

K
G

RATE

SHAPE

RATE
   

SHAPE

ß Dominant

ß Dominant
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Results: SR1a—SR5a
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• We fit simultaneously the mjjj* spectra in the 10 SRs, using Combine tool:

• No indication of signal.
• Excellent post-fit data/pred. 

agreement.
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Results: SR1b—SR5b
• We fit simultaneously the mjjj* spectra in the 10 SRs, using Combine tool:

• No indication of signal.
• Excellent post-fit data/pred. 

agreement.
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• We set upper limits, at 95% CL, on σB, and lower limits on mgKK-mR masses plane:
• Expected and observed in agreement within ~0.5σ.

   
• First ever limits of this kind: 

EWED with QCD in bulk & 
gWW resonant...

Interpretation: σB & mgKK-mR limits

• Read our full paper (PAS) here for more.
• Visit the CMS B2G public results page and 

see our summary plots for more.
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Compact Muon Solenoid
Mass: ~12500 Tones 

Size: ~15m x 22m
Magnetic field: 4 T (3.8 T)

CMS collaboration is 30 y.o.
~6100 collaborators

~250 Institutes ~57 countries here for more

The CMS detect at the LHC
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Motivation for a Diboson search
• SM shortcomings indicate some kind of New Physics (Hierarchy, Unific. DM, DE)

• Predict new heavy bosons at TeV

• 3 production modes:

• Decay modes include  VV, VH

1. (Bulk RS) Warped ED, 
spin-0 Radion (krcπ = 35, ΛR = 3	T	eV)

spin-2 Bulk Graviton (~k = 0.5, 1.0, … ) 
2.  Heavy vector triplet (HVT)
spin-1  Z’,W’, coupling with SM
à Models A, B, C

ggF                 DY                VBF

3. Little Higgs models
4. Two Higgs doublets models (MSSM)
5. Extended WED models (VKKàRV)
6. Technicolor models
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• X,Y: scalars, MX >> MY(H);   
• Models:  NMSSM 0910.1785,  Two-real-scalar-singlet extension 1908.08554

• 2D search over Mjj, Mj
Y variables

• 2 (wide) jets,  mH(Y): 110-140(>60) GeV, |Δηjj|<1.3 
• Tagging with Graph CNN (ParticleNet),  mistag~0.5%, eff~70%,  calibration with gàbb jets

CMS-DP2020-002

X à YH à 4b   boosted
B2G-21-003

Observed upper limits on
σ(pp→X→YH→bbbb)
Most stringent to date

SR1                                    SR1
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X à VV, VH   in DY/gg & VBF  
B2G-20-009

• X à WW, ZZ, WZ, WH, ZH
• Production: DY/ggF & VBF targeted

• 2 wide AK8 jets, m%&,(: 55-215 GeV
extra 2 narrow fwd jets for VBF

• Tagging with DeepAK8 classifier:  
W/Z/H à qq/bb, against q/g 
à 10 categories 

• Method: 3D-fit of m%&, m%(, m%%

• HVT:  W’, Z’
• RS Warped ED: R, Gbulk  

• Best limits to date à
• 2 modest excesses for W’àWZ at ~2.1, 2.9 TeV

3.6σ local

2.3σ global
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(Y) à XX à (jj)(jj)  paired di-jets 
EXO-21-010

RPV SUSY
(non-resonant) 

1209.0764 

Ultraheavy di-quark
to vec-like quarks 

(Resonant)
1810.09429 

• 4 narrow jets à paired to 2 di-jets, symmetrized masses: |**+*+|
**,*+

< 0.1

• Search over: m-% and average di-jet mass -m%%;  fit 3p-function to the data in slices of 
.*,,

*-,

3.9σ
1.6σ

Data

3.6σ
2.5σ
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• Use VBF t-channel which dominates high m/ for first time 
• 2μ SS + 2 fwd jets;  cuts on Δηjj, mjj;  fit on H0/p0l&:

qqàWàlN	direct        VBF t-channel 

VBF à N à μ±μ± Heavy Majorana N. & W.O. Probe
EXO-21-003

VBF HMN at Seesaw Type-I
mixing element |V$%|2 = 1

EFT Weinberg Oper. Dim. 5
Wilson coef. C&''

" = 1

2l (SS)

2011.02547

The “neutrinoless double-β decay” version of the LHC

HMN                    Weinberg Oper.

ß First probe à

3l 

• HMN:  excluded up to  m/~23 TeV
• WO: upper limit on eff. mass m44 ~C566

.: obs(exp): 10.8(12.8) GeV
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Z’ à NN à l jj l jj  Heavy Majorana Neutrino pair
EXO-20-006

• LRSM:  Z7, W8
±, N:/4/<

• mNl
< 𝑚W#

±∗ = 5	TeV	
• Off-shell W8

±∗, no mixing

• ee, μμ (OS & SS), mll > 150	GeV

• Resolved & Boosted probed

• Binning on # of wide AK8 jets:

  

• Reconstruct Nl as “jjl” and m>. 
minimizing m jjl -asymmetry

• Prediction from eμ, mll SBs

SR1 μμ resolved SR3 μμ boosted

• First search of this type for Run2
• Best direct limits on m>. , m? plane
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Heavy Composite Majorana Neutrino  N l à l l (qq)
EXO-20-011

• Composite-fermion models
1510.07988, 1707.00844, 1810.00374, 1903.12285

à Excited states of SM fermions
à Effective interactions: gauge (GI) 
    & contact (CI) between ordinary 
    and excited fermions
à m(Nl): [500 GeV, Λ] 

• ee, μμ (SS&OS),  m(ll)>300 GeV,  ≥1 wide AK8 jet
• Use  eμ,  ml l	: 150-300 GeV as CRs
• Fit: m(llJ) constrain separately Nμ, Ne masses

GI 

D
ec

ay
   

   
   

   
Pr

od
uc

tio
n

m(eeJ) postfit                     Upper x-sec. limits on:

CI dominant

non-excludedExcluded

Limits on m(Nl), Λ plane
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• Wealth of signatures:
• Focus on events with:

≥3 b-jets
0,1,2 τh
0,1,2 ντ (MET)

• Tagging: 
- DeepTau
- DeepJet(b)

• DNN (ABCNet) to reject QCD and tt

• Binning and fitting over:  #j,  #τh, DNNtt

Vector-like lep. pair  LL à...à 4b, ττ/τν/νν
B2G-21-004

• Model 4321 1808.00942, 1708.08450

Potential to explain B-physics 
anomalies: R(D*), R(K), 
evidence for LFV

   

• EW production of VLL-pair, decay via off-shell vLQ: U 

• VLL à 3rd gen fermions: b/t, τ/ντ  (3-body decay) 
due to flavor non-universal coupling of vLQ: U

2.8σ
for signal ~600 GeV

(not shown here)

1τh SR
Postfit S+B

2τh SR
Postfit S+B
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Resonant Triboson:  X à WRà WWW

B2G-21-002

Extended (3 branes) Warped ED model
1711.09920, 1612.00047, 1809.07334

1-lep + jets                                                         Full-hadronic

Resolved R                                                                Resolved R

Merged R                                                                         Merged R

COMBINATION

B2G-20-001
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13 observables                    3 observables

(Y) à XX à (jj)(jj)  paired di-jets 
B2G-21-010
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Majorana Neutrinos & Weinberg Op. ProbeEXO-21-003
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X à WV, WH à lv qq/bb

• 2D fit to the mJet, MWV masses
• V/H-tagging: τ21DDT, double-b tagger
• Wlv, J, back-to-back 
• 2 forward jets for VBF, 0 b-jets
• 24 categories based on 4 criteria:

e/μ, L/H purity, VBF/bb/nobb, L/H ΔyJ,lv 
• BKGs: non-reso (W+jets), reso (tt)

Prediction with kernel-approach at MWV

ß
 4.0 Te

V
ß 1.6 TeV

ß
 3.0 σ

B2G-19-002
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X à ZV à vv qq

• Use MT(J,pTmiss) as observable;   τ21 for V-tagging;   veto b, l, τh, γ,  pTmiss	∥	j events 
  

• Categorization to 4 sample:   VBF,   ggF/DY topology |Δηjj|<4, η1η2<0,mjj>500 GeV
                                                             τ21 High/Low purity τ21<0.35, 0.35<τ21<0.75 

• SR:   65<mJ<105 GeV;   CR: mJ sideband (mJ : 30-65, 135-300 GeV)
  

• Dominant BKG:   W/Z+jets,   estimated from the data in CR per MT bin

ß
 4.0 Te

V

B2G-20-008

di-modal signal for spin-2
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X à Wγ à qq γ

ß3.1(2.8)σ broad(narrow)
at MX~1.6TeV

1.7(1.1)σ global

EXO-20-001

CR    SR

CR 
  

SR

Generic Vqq+γ search

• Wàqq merged (R=0.8) jet
• W-tagging with τ21, mJSD

• Central γ

• Main BKG: γ+jets
• Low mJSD as CR
  
• BKG estimate: fitting 

analytic function to MJγ
 

• Best limits to date on: 
σ77→8	×	Br X → Wqqγ

• Model (in)dependent limits 
spin 0&1, narrow/broad
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• First tri-boson search
  

• New model: Extended Warped ED
à suppressed di-SM processes 
à enhanced tri-SM processes

• Only EW in extended bulk
dominant:  V99 → R	V	 → VVV
Di-resonant

  

• Wàlv: reconstruction 
• 1 or 2 AK8 massive jets, 0 b-jets 
• deep-AK8 taggers for W & R
• Radion tagging with H4q & Wqq

• Calibration with SM-proxy jets:  
top for R3q,4q  , W for Rlqq

X à RW à WWW à lv jets
Resolved Radion Merged Radion

K. Agashe, et al 
arXiv:1711.09920
arXiv:1612.00047

Merged Radion taggerMerged Radion mass

B2G-20-001
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Triboson results
• Probe simultaneously merged & resolved

• Categorize to 6 SRs: 
SR1-3 à 1 jets (merged) à Mlvj
SR4-6 à 2 jets (resolved )à Mlvjj

• First limits on σ(W99 → RW → WWW)
and on [MWKK, MR] space

2 W-tagged massive jets + Wlv region:

Results interpretation in Z<< → ZWW
Relevant search g<< → Rg → ggg at talk

B2G-20-001
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X à Wγ à qq γ

ß3.1(2.8)σ broad(narrow)
at MX~1.6TeV

1.7(1.1)σ global

EXO-20-001

• Generic search for Vqq+γ 

• Wàqq AK8 jet
• tagging with τ21<0.35
• pTj(γ)>225 GeV, |ηj(γ)|<2(1.44)

ΔRJγ>1.1, pTγ/mJγ>0.37, cosθ*<0.6

• Main BKG: γ+jets
• Calibration from low mj CR

• BKG estimate: fitting 
analytic function to MJγ

• Best limits to date on: 
σ77→8×Br X → Wqqγ

• Model independent 
limits for spin 0,1, 
narrow 0.01%, broad 5%

Theory motivation:
- Triplet pseudo-Goldstone bosons π3
    (https://arxiv.org/pdf/1608.01675.pdf)

- Scalar or pseudoscalar SU(2)L  Φα

   coupling via anomaly-induced interaction 

- Two Higgs doublet (H+) MSSM
- Technicolor
- HVT

JER: 15%, 8%, 4% for 10, 100, 1000 GeV
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HVT couplings

HVT gF = g2cF / gV gH = gV cH gV cH, cF Pheno
Model A -0.55 -0.56 1 BF(f,f)~BF(V,V)

Model B 0.14 -2.9 3 −0.98, 1.02 DY (min. composite H)

Model C 0 -0.56 1 1,  0 VBF (Fermiophobic)

Coupling strengths scale factors

Heavy vector triplet (HVT)
coupling with SM: cH, gV, cF
spin-1  Z’,W’
model A (comparable BF to f, V, gV = 1)

model B (cH = −0.98, gV = 3, cF = 1.02), DY

model C (cH = gV = 1, cF = 0), VBF only

More at : https://arxiv.org/pdf/1906.00057.pdf
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Motivation for a Diboson search
• SM shortcomings indicate some kind of New Physics 

(Hierarchy problem, Unific.of Gravity, Dark Matter/Energy)

• Many BSM theories have been proposed:
(Extended Gauge-Symmetry models;  RS Warped ED;  
Two Higgs doublet models;  Little/Composite Higgs)
à Predicting new heavy boson(s) X with 
    spin 0:   Radion/Higgs
    spin 1:   W’/Z’ (HVT)
    spin 2:   Graviton
at the TeV scale decaying to a pair of SM bosonsà W, Z, H, γ

• Therefore we can search for BSM Physics in Dibosons FSs

MX

SM
BSM

à HOW TO... search?
Probing Diboson FS at TeV-scale is a challenge to 
reconstruct boosted & merged V/H reveling substructure
  

• Selection based on V-like objects suppressing BKG
• Predict in a Data-Driven way the SM BKG
• Look for a peak-structure at MVV tails
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Motivation for “tri-object” search

Standard (Minimal) Warped ED model 
• 2 Branes in Bulk (in the RS framework)
• Everything propagates to the same bulk
• Constrained by LHC searches

• “di-SM” dominant phenomenology 

Extended Warped ED model:  
• Extra brane by splittingà Extended Bulk

3 (or more) branes, 2 (or more) Radions
• Various fields propagate in diff. regions 

• A wealth of new signatures emerges 
• “di-SM” suppressed in favor of “tri-SM”

K. Agashe’s talk 
arXiv:1711.09920 
arXiv:1612.00047

• MPl-EW scale gap motivates BSM physics (hierarchy problem) 
• No BSM physics yet à time to look at non-standard final states/scenarios
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https://arxiv.org/abs/1612.00047


Jet tagging with deepAK8 framework
• 17 jets categories/scores 
• Mass-decorrelated versions
• Powerful BKG rejection (binarized)

• Extra power from modularity: 
non-binarized, customized taggers

• Modularity reveals the actual power of deep-AK8, 
but comes with the price of N/A SFs 

=              +            +           + ...

W tagging with “binary” scores

Radion tagging with hybrid:

deep−W =
W##,#%

QCD&,#,',… +W##,#%

JME-18-002

deep−WH =
W##,#% + H)#

QCD&,#,',… +W##,#% + H)#

We use two taggers:
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Parameters & conventions in Diboson searches
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Tools for BSM multiboson searches
Boosted objects à small angular separation à merged jets 
W/Zàqq;  
Hàbb/qqqq/qqlv

à anti-kt clustering 
à Large-R jets:   ∆R =  √(∆φ2 + ∆η2) ≈ 2m/pT
à ”Groomed” Soft-Drop Masses: MJ~MV ± 0.2 MV

Taggers based on (2-prong) substructure
• τN = N-subjettiness à ratios: τ2/τ1 = τ21   à
• Decorrelated taggers τ21DDT

Deep-NN taggers & Image taggers (soon)

MET + lep from Boson:   
à Reco the W(H) assuming MW(H)=80(125) GeV

b-jet tagging based on MVA, DNN
 

PU effect à Pile Up Per Particle Identification (PUPPI)
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v
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https://arxiv.org/abs/1011.2268

