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Direct and Indirect searches

Multi-boson:   Dim-6 aTGC,  Dim-8 aQGC,  EWDim6, Warsaw Basis (SMEFT)
                                Di-boson, tri-boson resonances;   VBS, VBF

Details in previous 
discussion led by 
Shu Li
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    aGCs  vs  VV searches

B2G-18-006

aGCs Summary

http://cds.cern.ch/record/2667220?ln=en
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC
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Citius，Altius，Fortius

Novel Reco.
or
Deeper Digging

see e.g. 1302.0260

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


Pileup Mitigation
PUPPI (PileUp Per Particle Id): based on PF paradigma general framework that 
determines, per particle, weight for how likely a particle is from PU 

Boost2015
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https://indico.cern.ch/event/382815/contributions/910602/attachments/1139397/1631642/satoshi_BOOST2015.pdf


6

Boosted Technique: grooming
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Boosted Technique: softdrop

CMS PAS-JME-14-002
CMS:  R0=0.8;  beta=0;  zcut=0.1

https://arxiv.org/abs/1402.2657
http://cds.cern.ch/record/1754913/files/JME-14-002-pas.pdf
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Boosted Technique: 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


9

Boosted Technique: mass decorrelation

Designing De-correlated Taggers (DDT) 

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

http://cds.cern.ch/record/2275225?ln=en
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Boosted Technique: Validation

angle between the groomed 
subjets， unfolded to particle level

groomed momentum fraction
PTj2/PTj0

https://arxiv.org/pdf/1808.07340.pdf
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Background Estimations:  alpha and 2/3D

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)

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

https://arxiv.org/abs/1405.3447
http://cds.cern.ch/record/2668755?ln=en
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                      WV@13TeV:  aTGC
Hadronic W/Z candidate: leading AK8 jet with p T > 200 GeV
Invariant mass of the diboson system (M WZ ) > 900 GeV
Puppi Softdrop mass: 65-105 GeV and N-subjettiness < 0.6
         WW sensitive region:               [65,85]GeV
         WZ sensitive region:              [85,105]GeV
         Sideband:             [40, 65]∪[105, 150]GeV

http://cds.cern.ch/record/2672271/files/SMP-18-008-pas.pdf
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WV@13TeV:  aTGC

Post-fit mWV (upper) and PUPPI SD (lower) mass distributions. 
The lower sideband, signal, and upper  sideband regions are shown on the left, middle, and right.

http://cds.cern.ch/record/2672271/files/SMP-18-008-pas.pdf
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WV@13TeV:  aTGC

W+jets normalization floating freely in the fit.
Dominant unc from V-tagging, PDF/Scales

http://cds.cern.ch/record/2672271/files/SMP-18-008-pas.pdf
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WV@13TeV:  aTGC

http://cds.cern.ch/record/2672271/files/SMP-18-008-pas.pdf
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VBS WV@13TeV:  aQGC

Puppi AK8 Jet
tau21<0.55, 
PT>200 GeV

http://cds.cern.ch/record/2665482?ln=en
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VBS WV@13TeV:  aQGC

Sideband Region
40GeV<mv<65GeV
105GeV<mv<150GeV

Signal Region

http://cds.cern.ch/record/2665482?ln=en
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VBS WV@13TeV:  aQGC

Most Stringent limits.

More can be found from 
the twiki

Limits also set on 
(d-)charged Higgs

http://cds.cern.ch/record/2665482?ln=en
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC
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WWW:  SM and BSM
Recent updates on SM measurement from both ATLAS (3.3sigma, 79.8fb-1) and CMS (0.6sigma, 35.9fb-1)
Direct search for WWW resonance on going, inspired by the model 

Ongoing works. 
To appear soon!  

https://arxiv.org/abs/1903.10415
https://arxiv.org/pdf/1905.04246.pdf
https://arxiv.org/abs/1608.00526
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Future:  Deep AK8

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


22

Future:  Deep Flavor 

Decidated DNN tagger for 
boosted H/Z→bb and H/Z→cc 

https://cds.cern.ch/record/2646773
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Future:  Deep Learning on WLWL scattering

More details can be found from talk by Junho Lee (PKU)

WW scattering:   Phys. Rev. D 99, 033004 (2019)
ZZ   scattering and aQGC:   to appear soon

4-5 sigma possible at HL-LHC, CMS only

https://arxiv.org/abs/1812.07591
https://indico.ihep.ac.cn/event/8979/session/3/contribution/21/material/slides/0.pdf
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Summary

Petra Van Mulders

Indirect and Direct searches:   rich results ahead,  new idea welcome!

https://indico.cern.ch/event/795581/contributions/3335185/attachments/1837054/3010301/CMS_HF_tagging.pdf
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Backup
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Backup
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Backup

B2G-18-002

http://cds.cern.ch/record/2668755/files/B2G-18-002-pas.pdf
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