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Resonance Searches with Boosted H/V Jet

● VV,  VH, HH resonance motivated in many BSM models
       Bulk Extra Dimension,  Composite Higgs,  Little Higgs  

Spin-0 Radion/Higgs;  Spin-1 W’/Z’;  Spin-2 Gravitons  

● Hadronically decayed V/H:  High rates,  reconstructable spectrum
Huge QCD/Wjets bkg,  data-driven estimation

● Highly boosted V/H:   Grooming, substructure  and/or b-tagging
TTbar control Region,  Scale Factor
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Citius，Altius，Fortius

Novel Reco.
Deeper Digging

see e.g. 1302.0260

https://arxiv.org/pdf/1302.0260.pdf


Pileup Mitigation, Softdrop
PUPPI (PileUp Per Particle Id): based on PF 
paradigma general framework that determines, per 
particle, weight for how likely a particle is from PU 
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CMS:  R0=0.8;  beta=0;  zcut=0.1

JME-14-001

More from Anna Benecke and Dennis Schwarz

http://cds.cern.ch/record/1751454?ln=en
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    Validation in tt events   Phys. Rev. D 98, 092014 (2018)   

angle between the groomed subjets groomed momentum fraction
PTj2/PTj0

Soft-drop observables,  unfolded to particle level

More from 
Dennis Schwarz

https://arxiv.org/pdf/1808.07340.pdf
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Substructure tagging: mass decorrelation

Designing De-correlated Taggers (DDT) 

Τ21 variable shows 
a dependence on the jet 
pT-scale as well as the jet 
mass. This particularly 
affects the monotonically 
falling behaviour of the 
nonresonant background 
distributions.

N-subjettiness: How likely is a Jet to have “N” subjets

https://arxiv.org/pdf/1906.05977.pdf
https://arxiv.org/abs/1603.00027
https://arxiv.org/abs/1011.2268
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Boosted Technique: Calibration
 Extract scale factor, mass scale, and resolution from fit in TTbar Control Region

Pass Fail

https://arxiv.org/abs/1906.05977
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Background Estimations:  alpha and 2/3D

- Each event contributing to a 
1D/2D gaussian kernel 
defined by detector scale 
and resolution.

X→VV:
3D (mjj ,mj1 ,mj2) bump-hunt
X→HH→bbWW:
2D (mX, mH)  bump-hunt

Forward folding kernel approach to ensure smooth QCD templates
- 3D templates derived from MC
- Particle-level evts smeared using detector resolution
- same procedure for resonant bkg. (W/Z)

https://arxiv.org/abs/1808.01365
https://arxiv.org/pdf/1906.05977.pdf
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Heavy Higgs→ WW  2016     HIG-17-033
High mass SM-like Higgs states predicted in many BSM models: 2HDM and Electroweak Singlet

Interference with WW 
continuum and h(125) 
considered

http://cds.cern.ch/record/2668687?ln=en
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Heavy Higgs→ WW  2016
Di-leptonic channel:                        Semi-leptonic channel
Different-Flavor                                                   Boosted                      Resolved               
– 0 /1/2 jets                                                                 65 ≤ mSD ≤ 105 GeV             65 ≤ mjj ≤ 105 GeV
– 2 jet VBF (mjj > 500 GeV, Δηjj > 3.5)                            τ2 /τ1 ≤ 0.4,   PTW /mWW> 0.4 or 0.35
Same-Flavor  Only VBF category                                  VBF || ggF tagged/untagged 
Cut on  mTH,  MET …                                                                   MELA assisted  
Major backgrounds :                                            Major backgrounds :  
WW,DY and Top from data-driven                                            W+Jets and Top from data-driven estimates

Validation in Sideband:
    40 ≤ mSD (mjj) ≤ 250 GeV 
    && out side signal region
With W+jets and top 
normalizations floating
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Heavy Higgs→ WW  2016
          Di-leptonic channel:                                                            Semi-leptonic channel
          Higgs Visible mass                                                                Reconstructed mww
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Heavy Higgs→ WW  2016
● No excess observed. Upper limit is set at 95% CL on cross section times branching fraction, 

with different values of the VBF fraction.
● Interpretations on MSSM and 2HDM scenarios are also given.
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X→ VV  2016+2017    submitted to EPJC

At least 2 AK8 jets (R=0.8) 
pT >200 GeV,    55GeV<mSD<215GeV
two jets are labelled at random to avoid possible bias
|∆ηJJ|<1.3,   mJJ > 1126 GeV

https://arxiv.org/abs/1906.05977
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X→ VV  2016+2017
QCD multijet：

● PYTHIA only
● MADGRAPH MLM + PYTHIA
● POWHEG+PYTHIA ,
● POWHEG+HERWIG ++ 2.7.1

TOP Pair：
● POWHEG NLO+PYTHIA ,
● MADGRAPH MLM + PYTHIA
● Further reweighting on top 

quark PT to DATA

W/Z+Jets：
● MADGRAPH MLM + PYTHIA
● PT Dependent NLO 

QCD/EWK included

https://arxiv.org/abs/1610.04191
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X→ VV  2016+2017

HPHP: both jets 
HPLP:  one jet satisfy 
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X→ VV  2016+2017
Signal modelling:
    three uncorrelated functional shapes 

QCD multijet:  forward-folding kernel approach
    3D templates built from simulation 
    Jet mass is correlated with transverse momentum (and therefore mjj)
W/Z+jets (and TTbar+VV):  
    resonant part treat like and correlate with signal
    non-resonant component treated like QCD multijets

several systematic variations accounted for:
● alternate shapes as shape 

nuisance parameter
● Including comparison between 

Pythia8 and Herwig++
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X→ VV  2016+2017

SM V->qq peak visible: 
      constrain jet mass scale and resolution 
Extracted V+jets cross sections compatible 
with the SM expectations.

No significant excess over 
background expectation observed
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X→ VV  2016+2017

20-30% improvement with respect to the previous method
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Di-boson 2016 combination  Submitted to PLB
Combination of all VV/VH analyses of 2016 data for spin-0, spin-1, and spin-2 interpretations 
- Large gain in statistical combination

https://arxiv.org/abs/1906.00057
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Di-boson 2016 combination
Included for the first time searches with only leptons in the final state: Z’→ll, W’→lv
- enlarge excluded region of the parameter space
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X→HH→bbWW  2016   submitted to JHEP

Nick McColl

Challenging lepton-in-jet reconstruction: 
● pT dependent cone isolation 

● lepton subtraction from the AK8 jet

Event categorization:
- W→qq: n-subjettiness
- H→bb: sub-jet b-tagging (CSV)

https://arxiv.org/abs/1904.04193
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X→HH→bbWW  2016

Within ∆R<0.8 of the bb jet axis.

Background divided into 4 categories with gen-information:

background estimation with 2D fit of mbb and mHH:  Non-parametric fit with KDE

Validated in TTbar and q/g CR 

- Data vs MC differences encoded 
as shape systematics
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                  X→HH→bbWW  2016
Background estimation with 2D fit of mbb and mHH  in SR region  

Alternative background template included as shape uncertainties

Signal modelled with conditional probabilities  
   (double CB + exp)

HP:14% LP:33%
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X→HH→bbWW  2016
Set limits on spin-0 and spin-2 resonances with similar sensitivity as HH→4b final state
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Summary
Rich results from CMS on searches with boosted bosons, although no obvious anomaly.
For more results not covered in this talk  see CMS EXO and B2G pages

Long road ahead with fun and possible surprise!
● Full Run2 with 137fb-1
● multi-dimensional fit or multi-regions
● A grand combination with and beyond VV/VH
● Advanced tagger,  new topology

Details from Meenakshi Narain

e.g.  Hcc tagger 
applied successfully in 
first CMS result on VH, H→cc
CMS-PAS-HIG-18-031  

https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/index.html
http://cds.cern.ch/record/2682638/files/HIG-18-031-pas.pdf
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        First CMS result on VH, H→cc:  a slide from EPS-HEP2019

https://indico.cern.ch/event/577856/contributions/3396805/attachments/1880423/3098061/CMSHighlightsEPS2019.pdf


Backup
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Substructure: tagging

N-subjettiness: How likely is a Jet to have “N” subjets

JME-13-006

https://arxiv.org/abs/1011.2268
http://cds.cern.ch/record/1577417?ln=en
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             X→ VV  2016+2017    submitted to EPJC

https://arxiv.org/abs/1906.05977
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             X→ VV  2016+2017    submitted to EPJC

HPHP HPLP

https://arxiv.org/abs/1906.05977
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             WV with 2D      JHEP 05 (2018) 088 

https://arxiv.org/abs/1802.09407
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             WV with 2D      JHEP 05 (2018) 088 

https://arxiv.org/abs/1802.09407
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Di-boson 2016 combination  Submitted to PLB

https://arxiv.org/abs/1906.00057
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Future:  combination

Alberto Zucchetta
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Future:  Deep AK8

http://cds.cern.ch/record/2295725?ln=en

