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日内瓦湖

•Large Hadron Collider

•CMS

•ATLAS

•LHCb

•ALICE

大型强子对撞机（LHC）
位于欧洲核子研究中心（CERN）

• 周长27km，跨越瑞士法国国境，总投资40亿美元
• 世界能量最高最大的加速器，质心系能量-〉7,8,13/14TeV(14x1012eV) 3

collisions at 40MHZ



Energies:
Linac 50 MeV
PSB 1.4 GeV
PS 28 GeV
SPS 450 GeV
LHC 3.5 TeV

4.0 TeV
6.5 TeV

P[ / ] 0.3 q[ ] B[ ] r[ ]GeV c e Tesla m   

1983 UA1 

Experiment

W/Z boson 

discoveries 



CMS Detector

CALORIMETERS

TRACKER

MUON

ENDCAPS

Cathode Strip Chambers (CSC)

Resistive Plate Chambers (RPC)Resistive Plate

Chambers (RPC)

Drift Tubes (DT)

Pixels

Silicon Strips

ECAL Scintillating PbWO4

Crystals
HCAL Plastic scintillator

BrassSOLENOID

B = 3.8 T

MUON BARREL

weight: 12500 t

overall diameter: 15 m

overall length: 21.6 m

JINST 3, S08004 (2008) 5
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Tracker 
Detectors

Calorimeters

Magnet Coil

Muon Chambers, Yoke

CMS Detector in the Cavern,

Cessy, France



With the Help of the Worldwide LHC Computing Grid
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The Worldwide LHC Computing Grid combines the computing 

resources of more than 100,000 processors from over 170 computing 

centers in 36 countries, producing a massive distributed computing 

infrastructure that provides 

more than 8000

physicists around the 

world with near 

real-time access 

to LHC data, 

and the power 

to process it. 

Lessons learned in managing, securing and linking up on this global scale 

have driven innovation in computing grids all over the world. Grids are 

being used in the fight against disease, climate change, air pollution, etc.

~170 computing
Centers

~36 countries
~250K cores

~100 million

gigabytes

of disk

(10 million DVDs)



Chinese NSFC vice-president 

WANG Naiyan and CERN 

research director for collider 

programs Roger Cashmore sign 

a new agreement. Peking 

University president CHEN Jia-

er was involved in negotiations

NSFC and CAS signed contract 

with CERN to join CMS 

experiments. 

Supported well by  NSFC, CAS 

and MOST

1999-2006:  Detector Works 

2007-:  Data Analysis  

2013-2014 :  Phase I, II Upgrade中科院高能所、北大 1998-1999加入CMS

http://cdsweb.cern.ch/record/1056730/files/icon-bul-pho-2007-046.gif
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Successful LHC & SM





5.9sigma
Phys.Lett. B716 (2012) 1-29

5.0sigma
Phys. Lett. B 716 (2012) 30

2012.07    Big Discovery 
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Discovery of a new boson. 

Combined significance 5.0σ for CMS and 5.9σ for ATLAS

125.3+-0.4+-0.5GeV
0.87+-0.23

126.0+-0.4+-0.4GeV
1.4+-0.3
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Rich Physics, Rich measurements 
Courtesy 

Sherpa

V+Jets
VBF/

VBS

PDF,NLO QCD/EWK, NNLO QCD, Resummation, PS, Merging,Matching(MLM,CKKW,FXFX, MEPS)…

Tools: Pythia6/8 ,  Herwig, MG5_AMC, POWHEG, Sherpa, DYNNLO, FEWZ, MCFM,MCSANC,RESBOS…

Heavy 

Quark

Mono-Higgs

𝑩 → 𝑲𝝁𝝁
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• Consistency test of the over-constrained Standard Model

• Improved understanding of PDFs and bkg for NP searches

• Gauge boson anomalous couplings to probe NP indirectly

• High Energy/Luminosity open new phase space to explore 

• Active region on both experimental and theoretical sides

Standard Model , as
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13TeV SM measurements with full 2016 dataset!  

VV

V, 

V+Jets

VBF/VBS

VVV

First VBS observation! 

TOP
Higgs



17

Spread over large scales of Xsec. V+up to 7 Jets! 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/

First VVV observation! 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/
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TeV Scale New Physics

• Fine Tuning

• Dark matter

• Gauge Unification

• Flavor structure

• Baryon Asymmetry

• SUSY

• Extra Dimensions

• Extra Gauge Symmetry: W’, Z’

• Exotic heavy Quarks, Leptons, Leptoquarks …

• Compositeness:   contact interaction …

LHC Run1
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BSM Searches

Leave no stone unturned!!Resonance,  Shape ,   Rate
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ATLAS/CMS Experiments

Excellent detector and Physics performance
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This is also why ATLAS W-mass Measurement sticked to Pythia AZTune
Eur. Phys. J. C 78 (2018) 110



26



27

W/Z PT → PDF
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MC Tuning in CMS
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Current Simulation Frontier
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Higgs Mass ATLAS-CONF-2017-046; JHEP11(2017)047

12% more precise 

compared to Run 1 

ATLAS+CMS combination 

Dominant systematic 

uncertainty comes from the 

lepton energy scale
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ATLAS Combination (ZZ and γ γ)
ATLAS-CONF-2018-002

ATLAS-CONF-2017-047
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CMS Big Combination
CMS-PAS-HIG-17-031

New

HIG-16-042

5.9σ
PLB 779 (2018) 283
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CMS Big Combination
CMS-PAS-HIG-17-031

New

HIG-17-018

New

HIG-17-022/026

3.8σ

arXiv:1709.07497

PRL 120 (2018) 071802

Br<0.24

HIG-17-023
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CMS  ttH
HIG-17-018,022,026

• Event categorization in lepton flavor, charge and b-jet multiplicity 

• Multivariate analysis and Matrix Element method,  DNN for Hbb(1lep)

• All ttH analyses combined with other 

Higgs measurements in global fits 

Multi-Lep: 3.2σ (2.8σ exp.)

7+8+13TeV

>5σ
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CMS  Boosted H(bb)
Phys. Rev. Lett. 120, 071802 (2018)

Huge QCD Bkg

Fat Jet, with PT>450GeV

• Dedicated algorithm to remove pile -up effects (PUPPI)

• Grooming (soft -drop mass) removes soft radiation 

• Generalized energy correlation functions are sensitive 

to N-point correlations within a jet
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CMS  Boosted H(bb)
Phys. Rev. Lett. 120, 071802 (2018)

Anti -b tagging region

(For QCD Modelling)
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ATLAS  H(cc)
arXiv:1802.04329

Dedicated MVA discriminants similar to b-tagger:

– Separate c-jets from light-jets and c-jets from b-jets 

– Challenges of short τc , low track multiplicity in c-hadron decays 

– Both 1 c-tag and 2 c-tag events are used to keep efficiency high

Cut-based event selection with fit to mcc
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HH:  Higgs Self Couplings and Resonant search 

• Probing Higgs Self-coupling and potential 

• Small xsec ~30fb at 13 TeV

• Many different channels: bbbb, bbγγ, bbτ τ,bbww……

• Also sensitive to heavy resonance:  Radion, Graviton, heavy scalar
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HH Resonance
ATLAS-EXOT-2016-31, ATLAS-CONF-2016-004,071

CMS-PAS-HIG-17-008



54

HH Non-Resonance
CMS-PAS-HIG-17-008

• Non resonance xsec limit :  

~40@Run1 → ~10@Run2  X σ(SM) 

• Limit on Higgs Self-coupling, assuming all others SM-like
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Top Physics
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryFigures

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryFigures
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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Top Highlights
arXiv:1710.03659; arXiv:1709.07411; PLB779 (2018) 3585; JHEP 07(2017) 003; EPJC78 (2018) 140

4.2(5.4)σ

3.7(3.1)σ

4-toptZq evidence

First observation 

of top quark 

production in 

proton-nucleus 

collisions 
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Top Highlights
Eur. Phys. J. C77 (2017) 40,    arXiv:1711.02547

Observed significances above 5 σ

ttZ 3l

ttZ 4l

ttW BDT



59

Multijets and 𝜶𝒔
arXiv:1707.02562; EPJC 77 (2017) 746; arXiv:1712.05471

Jets correlations in multi-jet topology
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W/Z Xsecs 13TeV
PLB 759 (2016) 601; CMS-PAS-SMP-15-004, CMS-PAS-SMP-15-011

Good agreement with NNLO predictions. Sensitive to PDF.  

Stat unc. negligible.  Sys largely cancelled in ratio. Lepton Universality also checked
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W/Z  1/2/3D
JHEP 12 (2017) 059; CMS-PAS-SMP-15-011; 

CMS-PAS-SMP-16-009

[15,3000]GeV, 43 bins     

Stat unc. In very high mass bin

Pre- and Post-FSR both provided

𝑀𝜇𝜇 , 𝑝𝑇𝑧, 𝑝𝑇𝜇, 𝑦
𝜇𝜇 , Φη

∗

3D

POWHEG 
including 

NNLO QCD 

+NLO EWK 

K factors



62

Angular Distributions and AFB
ATLAS JHEP 08 (2016) 159  8TeV 20.3/fb

CMS PLB 750 (2015) 154 8TeV 19.7/fb

CMS EPJC 76 (2016) 325 8TeV 19.7/fb

LHCb JHEP 1511(2015) 190  7+8TeV 3/fb

𝑨𝟒 is the only non-zero at LO

𝑨𝟎−𝟑 become non-zero at NLO

𝑨𝟎 − 𝑨𝟐 = 𝟎 Lam-Tung relation (valid at Ο(𝜶𝒔))

𝑨𝟓−𝟕 appear at NNLO

Dilution effect is smaller at high |y|
8/4.3M |y|<2.4 𝜇𝜇/𝑒𝑒 events; 

0.5M 2.4<|y|<5 𝑒𝑒 events
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Angular Coefficients Template fit to extract the Ai coefficients

Lam-Tung relation violated as expected.  High pZ
T no good descriptions by models
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Effective Mixing Angle
CMS-PAS-SMP-16-007;   JHEP 09 (2015) 049

Inference on Mw:

LEP, SLD 3σ tension
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W Mass
Eur. Phys. J. C 78 (2018) 110 ; CMS-PAS-SMP-14-007

Py8 AZ Tune by Z data, 

extrapolated to W.  It 

describe W/Z PT better 

than resummed predictions 
(DYRES, ResBos, CuTe and 

POWHEG MiNLO+PY8). 

DYNNLO for Ai modelling, 

constrained by previous 

measurements. 

Template fit on Jacobian edges of pl
T and mT
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W Mass

Huge effort to control systematics; 

Uncertainty comparable with 

previous best measurement from 

CDF; Dominated by Modelling.

Combination Weights: 

pTl 86%   mu 57%   W+/- : 52%/48%

Eur. Phys. J. C 78 (2018) 110
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W/Z+Jets 13TeV
EPJC77 (2017) 361 13TeV; PRD 96 (2017) 072005;  CMS-PAS-SMP-15-010

Unfolded distributions in 

good agreement within 

uncertainties.  A bit worse 

at high jet multiplicity 

mainly due to jet here are 

modelled only by PS

Z+Jets

W+Jets

∆𝑅(𝜇, 𝑐𝑙𝑜𝑠𝑒𝑠𝑡 𝑗𝑒𝑡) sensitive to 

EWK emission of W bosons, 

best described by NNLO
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Multi-Boson 

Productions

Crucial test of the SM:
on the non-Abelian gauge symmetry  part of the SM

sensitive to NLO EW, NLO/NNLO QCD, resummation

Important backgrounds to Higgs and new physics searches

Sensitive to anomalous Triple (Quartic) Gauge Couplings
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WV EPJC 77 (2017) 563 8TeV; PLB 772 (2017) 21; CMS-PAS-SMP-16-012

4.5σ

R=0.4

1.3σ

R=1.0, 

Trimming

Partially overlapping, no combination
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aTGC

Effective operators or 

EFT approach

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SummaryPlots

Dim6 operators

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SummaryPlots
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VBS Discovery

 Run 1 CMS 1.9σ, ATLAS 3.6σ

 Event selection:

Two same-sign lepton with PT>25(20) GeV

3rd lepton veto: pT>10 GeV (18 for tau)

Mll>20 GeV, |mll-mZ |> 15 GeV, ET
miss > 40 GeV

mjj>500 GeV, |∆𝜼𝒋𝒋|>2.5, 𝒎𝒂𝒙(𝒛
∗

𝒍) <0.75

 Background:

Non-prompt leptons / WZ 

Signal extracted from a 2D fit on 

𝑚𝑗𝑗 and 𝑚𝑙𝑙

Observed (expected) significance: 

5.5 (5.7) σ

Constraints are set on aQGC and 

doubly charged Higgs

The interference between the EW and QCD processes is found to be a few 

percent in the signal region and considered as systematic uncertainty

Phys. Rev. Lett. 120, 081801 (2018)



72

aQGC
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC
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Di-lepton CMS-PAS-EXO-18-006     2016(ee+μμ)+2017(ee)!
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Dark Matter
JHEP 01 (2018) 126; PRL 119, 181804 (2017); Phys. Lett. B 776 (2017) 318; arXiv:1801.08427; Phys. 

Rev. D 97, 032009 (2018); EXO-17-014

ATLAS/CMS DM Forum:  arxiv:1507.00966

ATLAS Mono-Jet,  in this particular model, results compared with 

PICO-60
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B→Kμμ
arXiv:1710.02846

P5’ chosen to decrease theo unc. 

Same interesting pattern, but CMS more SM-like
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Z→Ψll
CMS-PAS-BPH-16-001

2D extended maximum likelihood 

unbinned fit

ψ(2S) feed-down to J/ψ removed
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Summary

• Outstanding performance of the LHC!

• Extensive and Excellent Studies from LHC with 

7, 8 and 13 TeV data

• More Precise measurements on Higgs, Top, SM..

• First measurement of W boson mass from LHC

• First observation of VBS and VVV

• Stringent limits on New Physics from the LHC

• We are still at the beginning,  ~2% of HL-LHC 

expected data analyzed!

• New ideas and technique are crucial
CMS Same-Sign WW

Longitudinal VBS

ATLAS-PHYS-PUB-2013-006; 

CMS-PAS-FTR-13-006;  

CERN-LHCC-2015-010 
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LHC Electroweak WG meeting: December 13-14, 2017

• Dilution is worse, but detector will have larger acceptance for leptons: |η| < 2.8

• Not a detailed simulation 

• Only PDF systematic uncertainty considered 

• Negligible statistical uncertainty

LEP+SLD avg.

CMS-PAS-FTR-17-001

SM Precision

https://indico.cern.ch/event/678694/timetable/
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SM Precision

• ATLAS pTW measurement 31pb-1 at 

7 TeV from 2010 with error >2.5% on 

coarse bins. 

• Recent low-μ runs taken by ATLAS: 

~150/pb at 13 TeV: 1.75M W, 220k Z 

~270/pb at 5 TeV: 1.3M W, 150k Z 

• Possibility to measure directly 

pTW/pTZ at low pTW which is crucial 

to improve ΔmW! 

• Measurement of pTW ~ 1% 

uncertainty & 5 GeV binning at low 

pTW, with low-μ data. 

• Low-μ necessary for good recoil 

resolution.
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Higgs Precision

Driving force for physics at HL-LHC and motivation for e+e- Higgs Factory

arXiv:1710.07621
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Higgs Self-Coupling

Improved jet and b-tagging performance and calibration…

https://indico.in2p3.fr/event/16579/contributions/60820/attachments/47219/59316/Kagan_hh_MoriondEW2018.pdf

https://indico.in2p3.fr/event/16579/contributions/60820/attachments/47219/59316/Kagan_hh_MoriondEW2018.pdf
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J. Hewett , Moriond EW 2018
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Backup
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CMS Combination

2HDM I

Productions
Decays
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ATLAS    ttH
arXiv:1712.08891



90



91

W Mass
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ZZ@13TeV ATLAS arXiv:1709.07703 13TeV 36.1/fb;     CMS arXiv:1709.08601 35.9/fb

Largest sys 

from lep eff

NNLO QCD+NLO QCD gg-induced + NLO EWK + EWK ZZjj MATRIX NNLO or MCFM NLO + gg
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VBF/VBS

• VBF Higgs established at >5σ

• VBF/VBS SM processes
1. Rare & Novel processes to be discovered

2. pure EWK activity with less QCD emission,

3. VV scattering sensitive to UV completeness 

4. High Tail enhancements:   to probe aGCs

aQGCs    WWWW/WWγγ/WWZγ/ZZZγ/ZZγγ/Zγγγ

Dimension 6 LEP style 𝑎0
𝑐 , 𝑎0

𝑤; Whizard Parametrization 𝛼4, 𝛼5
or  Dimension 8 operators 𝑳𝑺𝟎,𝑺𝟏, 𝑳𝑴𝟎−𝟕, 𝑳𝑻𝟎−𝟗

• Two VBF Tagged Jets:

Large 𝑀𝑗𝑗 and |∆𝜂𝑗𝑗|

More quark-like

• Lower central hadronic activity: 

CMS  

VBF Z+2jets

𝑴𝒋𝒋=2.4TeV,

|∆𝜼𝒋𝒋|=6.83

IHEP, PKU
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SUSY: Higgsino
https://indico.in2p3.fr/event/16579/contributions/60896 https://indico.in2p3.fr/event/16579/contributions/60827

https://indico.in2p3.fr/event/16579/contributions/60829 https://indico.in2p3.fr/event/16579/contributions/60897

arXiv 1801.01846

https://indico.in2p3.fr/event/16579/contributions/60896
https://indico.in2p3.fr/event/16579/contributions/60827
https://indico.in2p3.fr/event/16579/contributions/60829
https://indico.in2p3.fr/event/16579/contributions/60897
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LFV resonance arXiv:1802.01122

Backgrounds containing misidentified electron and muons :  W+γ is taken from simulation;  W+Jets and QCD mutlijet from data-driven; Electron mis-identification rate 

measured in control region

Largest uncertainty is the shape variation in the tt̅ from renormalization and factorization scale variation
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Boosted Dijet + ISR jet or γ (ATLAS)
arXiv:1801.08769;  JHEP 1801 (2018) 097

CMS did similar but uses a DDT version of 

ATLAS: Trimming

CMS:    Soft-drop
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VV resonances
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2GDibosons

• Search for di-boson resonances in 

HVT and Bulk Graviton models;

• Extensive usage of Jet-subtructure

and boosted b tagging technique;

• Comparable results between limits 

from ATLAS and CMS

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2GDibosons
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2GDibosons
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Dark Matter
JHEP 01 (2018) 126; PRL 119, 181804 (2017); Phys. Lett. B 776 (2017) 318; arXiv:1801.08427; Phys. 

Rev. D 97, 032009 (2018); EXO-17-014
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