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2016分析结果参见周三黄璜报告



Run1  20fb-1

W-tagging:    JHEP 12(2014)017总次55
邹伟，徐子骏重要贡献

Heavy Higgs: JHEP 1510 (2015) 144 总引129
徐子骏Approval

EXO-WW:   JHEP08(2014)174 ; 总次166
刘帅Preapproval

EXO-WH:    EPJC76 (2016) 237

PAS-EXO-14-010 总引63
王蒙蒙Preapproval

李强负责人

北大 WW/WH 共振态寻找:   过去4年持续完成7个分析 Boosted V/H-Jet :

Merged Fat Jet

Run2 2015  2.2fb-1  

EXO-15-002   0.8-4TeV

王群 Approval

B2G-16-004   0.6-1TeV 

徐子骏Preapproval

PAS总引37

Paper正在准备

Run2 2016  → ICHEP2016

B2G-16-020   0.6-4.5TeV

黄璜负责人, Preapproval

徐子骏Approval

https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO14010/WHDiagram-2.pdf


EXO-VV Overview
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• VV,  VH resonance motivated in many nice models

Extra Dimension,  Composite Higgs,  Little Higgs  

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

• Semi-leptonic channels:   High rates,   reconstructable spectrum

Huge QCD Wjets bkg,  data-driven estimation

• V/H  highly boosted:   Jet substructure  and/or  Subjet b-tagging

TTbar control Region,  Scale Factor

https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO14010/WHDiagram-2.pdf


Boosted V/H-Jet:  Why?
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For W pT>200 GeV, 

One CA8 jet to identify W jets, 

becomes 

more efficient than the 

reconstruction from 

2 AK5 jets.

CA8:  Cambridge-Aachen with Cone 0.8

AK5:  Anti-Kt with Cone 0.5

ΔRjj ~ 2Mw/PTw
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W/H Tagging at CMS

JHEP 1412 (2014) 017

CMS PAS-BTV-13-001

W and Z bosons mass are rather close, we do not 

distinguish the two, and refer to such jets 

collectively as V jet



Fat Jet at CMS:  an incomplete history
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7TeV Z’->ttbar:    
Proposed   Jet Pruning,  CA 0.8 Jet,  TTbar control

JHEP 1209 (2012) 029, Erratum-ibid. 1403 (2014) 132

7TeV  WZ/ZZ resonance:

Jet mass,  mass drop
JHEP 1302 (2013) 036

Dijets and V+jets, 
jet mass and substructure at 7 TeV:

Comprehensive overview of various 

jet grooming techniques

JHEP 1305 (2013) 090

8TeV WW/WZ/ZZ resonance:  
W-tagging, Pruning, CA8,  Nsubjettiness

JHEP 1408 (2014) 173 ;  JHEP 1408 (2014) 174

W-tagging Summary:  

JHEP 1412 (2014) 017

MC works well

Groomed Jet mass 

more stable with PU



W-tagging:   Pruning+Tau21
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N-subjettiness (arXiv:1011.2268):

how likely is a jet to have “N” subjets

Wjet tagger: 𝝉21
H→WW→4q:  𝝉42



W-tagging  Efficiency (Run1)
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Signal:  Bulk Graviton->2 WL

Bkg:     QCD WJets

Some differences w/o PU

Stable for PU=12 or 22

For 𝝉21<0.5 and mjet [60,100]

eff(bkg)~ 5% - 3%,

eff(sig) ~ 70%-55%,

for PT~0.5TeV and 1TeV

Run1 𝝉21<0.5 as High-Purity working points;

0.5<𝝉21<0.75 as LP 

Run2 changes to 0.45 and 0.6 (见黄璜报告)



W-tagging  Signal Efficiency (Run1)
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At large pT,  eff drops due to PF reconstruction degrades in resolving the jet 

substructure and pruning therefore removes too large fraction of jet mass. 
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Run2 Improvement   JME-14-002

For Run II, PF reconstruction has been optimized by making better 

usage of the segmentation of the ECAL(0.0175*0.0175), to maintain 

constant efficiency up to at least pT = 3.5 TeV

split PF neutrals:
a neutral hadron is created in 
the direction of each ECAL 
cluster and the total energy 
measured in ECAL and HCAL 
calibrated for hadrons
is distributed to the neutral 
hadrons according to the 
fraction of the ECAL cluster 
energy with respect to the sum 
of all ECAL clusters considered.



W-tagging Calibration:  TTbar Control Region
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POWHEG + PY6 works better

Scale Factors extracted in TTbar Control Region

JHEP12 (2014) 017
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EXO-WW Resonance Searches

JHEP 08 (2014) 174



EXO-WW  Searches
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Look for “bumps” in the mWW spectrum in a large mass range

in [800, 2500] GeV

Bulk Graviton Model : G-> WLWL is used as a benchmark

Jet mass Signal Region:  [65-105]GeV (Run2改进 见黄璜报告)

Low Sideband: [40-65]GeV           

High Sideband: [105-130]GeV

𝝉21<0.5  High Purity;        

0.5<𝝉21<0.75  Low Purity



Bkg Modelling



Pruned Jet mass

Jet mass Signal Region:  [65-105]GeV

Low Sideband: [40-65]GeV           High Sideband: [105-130]GeV

𝝉21<0.5 0.5<𝝉21<0.75



Final  M(lvj) Distributions

Signal Shape described by a double-sided Crystal-

Ball (CB) function (i.e., a Gaussian core with power 

law tails on both sides)

Mu channel



Combination of VV Searches

Combination in bulk

graviton model

Highest sensitivity

from lv+jet channel

Sensitivity of JJ 

channel comparable 

at high mass

ll+jet channel reaches

lower mass

Combination improves

sensitivity by 15-20%



LVJ:   CMS vs. ATLAS

ATLAS limit  about factor 2 loose

ATLAS:    AK4 for resolved jet -> lower mass

CA1.2 for fat jet;

Filtering/Splitting for subjets; 

CMS:      CA8 for fat jet;  Jet pruning, tau21

1503.04677

1405.3447



Run2-2015 CMS (low, high mass) and ATLAS
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Main analysis

EXO-15-002

ATLAS VW

CONF-2015-075

Low mass extension

B2G-16-004

王群Approval徐子骏 Preapproval

CMS-PAS-EXO-15-002

CMS-PAS-B2G-16-004

Shown at ICHEP2016, in presentation by Salvatore Rappoccio

2015 WV共振态寻找
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北大黄璜为分析负责人
黄璜Preapproval

徐子骏 Approval
Shown at ICHEP2016, in presentation by Salvatore Rappoccio

CMS-PAS-B2G-16-020

low and high mass 𝝉21<0.45, 0.6

W and Z regions 65-95 / 75-105

2016 WV共振态寻找



Summary
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• Rich results from di-boson resonance searches

• V and H-tagger exploited: Jet substructure and Sub-Jet b 

tagging 

• This area is now becoming more and more active in CMS and 

ATLAS 

• Run2 will definitely tell us more

• We hope LHC will be a discovery machine!
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Backup



ATLAS/CMS  VV Excess?

1405.3447

Combined JJ,   LLJ,     LVJ

70-100  65-105  70-110

1506.00962  

JJ: WZ optimized  

26GeV windown

1-2σ



ATLAS: Mass Drop-Filtering
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Cambridge-Aachen 1.2 Jets

Reverse jet clustering until 2 subjet balance

Filtering 2 subjets with CA0.3: all but 3 highest pt jets remained

In addition,  for VV->JJ, require N_track<30

|𝒎𝑱 −𝒎𝒘/𝒛|<13GeV ->0.45



W-tagging  Mistag rate
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W-tagging
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W+jets:   Data vs MC

Discrepancy Seen  ->   Corrected in TTbar Control Region

JHEP12 (2014) 017
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TTbar rejection
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Limit Result



Selection
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Bkg Modelling
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mu/ele Results
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EXO-WH Resonance Searches

CMS PAS-EXO-14-010



Higgs Tagging:   a bit beyond W-tagging
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CMS PAS-BTV-13-001



EXO-WH  Searches
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 Many well motivated  New Physics Model predict extra gauge boson

(1) Heavy Vector Triplet    D.Pappadopulo et.al., JHEP 1409 (2014) 060

(2) Little Higgs                   see e.g. JHEP 0601 (2006) 099

 V’  can have enhanced coupling to boson

Model B case of (1),  gV >3 ->   

Composite Higgs Model Like

 One of the first resonance searches looking for boosted Higgs 

CMS    arXiv:1506.01443 V’->VH->fully hadronic

CMS    arXiv:1502.04994            Z’->ZH->jjττ

ATLAS  arXiv:1503.08089           V’->VH->ll/lv/vv+bbar



Signal:   Fat Jet,  H-tagging
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Search for MW’ >0.8TeV

H(→bb) can look more and more like a single fat-jet (ΔRbb ~ 2Mh/PTh).  

Needs dedicated jet substructure and b-tagging techniques



Distribution Plots:  mu channel
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Pruned Jet mass in  Search Region and TTbar Control Region



Bkg Modelling
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Final MWH distribution
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Systematics
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Combined Results
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Significance Results
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Statistical Compatibility with the 

Standard Model within 2σ



Comparison between CMS and ATLAS
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arXiv:1503.08089

CMS PAS-EXO-14-010

Although a bit loose limit at low mass,

We gain at high mass due to H-tagging

ATLAS:    2 resolved AK0.4 jets,  1 or 2 btag catagories

CMS:      CA8 for fat jet;  Jet pruning, subjet b tagging


