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Visit from CMS Spokesperson Dr. Joe Butler,  June/2016 
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PKU CMS TeV Physics Analyses:

(1) Multi-boson Measurement 

and

(2) Exotica VV/VH  Searches

HIG-13-008          HIG-13-013

EXO-14-010        SMP-13-009

JME-13-006         EXO-12-021      

EXO-15-002         SMP-13-012 

B2G-16-004         SMP-14-011

BPH-15-001         SMP-14-018

……..

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


PKU SM measurement: 6 analyses



 VBF Wjj simulated by MadGraph at LO,

QCD Wjets from MG parton-pythia matching (MLM)

 VBF signal tends to have larger 𝑴𝒋𝒋 and |∆η𝒋𝒋|

 DATA-driven  QCD Wjets normalization 

from BDT control region

 Signal extracted from unbinned maximum likelihood fit 

to Mjj

Floating QCD Wjets shape

 Diff w/o Interference as syst. 

 Agreement with SM prediction,  significance around 4σ
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VBF𝐖𝐣𝐣
Jing Li as the Analysis Contact

arXiv:1607.06975,  Submitted to JHEP



CMS-PAS-SMP-14-018

 QCD Zγ𝒋𝒋
 Jet/Electron Fake Photon

 Jet fake Electron:

 Signal Extracted from binned 

Mjj fit  [400-800], [800- ] GeV

Two Opposite Sign Leptons 

with PT>20GeV

Photon PT>25GeV

Two Jets with PT>30GeV

70GeV<mll<110GeV
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𝐕𝐁𝐒 𝐙𝛄𝐣𝐣

aQGC limit et based on 𝑴𝒁𝜸

First Evidence!

Feng Wangdong Zhang,  Zhaoru Zhang as Analysis Contacts



CMS-PAS-SMP-14-011

 Main Bkg from Data-Driven

QCD 𝑾γ𝒋𝒋: MC Shape + DD Normalization 

Jet/Electron Fake Photon

Jet fake Electron

 Dominate Systematics:

JES & JER

Jet Fake Photon

QCD 𝑾γ𝒋𝒋 prediction
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𝐕𝐁𝐒𝐖𝛄𝐣𝐣

aQGC limit  set based on  𝒑𝑻
𝒘

 Signal Extracted from binned Mjj fit

Daneng Yang and Analysis Contact

Signal:  larger 𝑴𝒋𝒋 and |∆η𝒋𝒋|
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V+Jets CMS-PAS-SMP-15-010

CMS-PAS-SMP-16-005

Feng Wangdong Zhang

Preapproval



12

Most stringent limits on aQGC

Made By PKU



Run1  20fb-1
CMS W-tagging:    JHEP 12(2014)017

Zijun Xu,  Wei  Zou

Heavy Higgs: JHEP 1510 (2015) 144

Zijun Xu,  Approval

EXO-WW:   JHEP08(2014)174 ;      

Shuai Liu, Pre-approval

EXO-WH:    EPJC76 (2016) 237

Mengmeng Wang, Pre-approval

Qiang Li,     Analysis Contact

PKU WW/WH Resonance Search:   7 Analyses

Boosted V/H-Jet 

Technique:

Merged Fat Jet

Run2 2015  2.2fb-1  
EXO-15-002   0.8-4TeV

Qun Wang, Approval

B2G-16-004   0.6-1TeV

Zijun Xu,   Pre-Approval

Run2 2016 → ICHEP2016
B2G-16-020   0.6-4.5TeV

Huang Huang,   Pre-Approval

Zijun Xu,            Approval

Huang Huang，Analysis Contact

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


HWW lnjj & lvj
JHEP 10  (2015)  144
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• “resolved” & “merged” channels

At high Higgs mass, two jets from W decay can

merge to form large-R jet

• Selections

One lepton (e or μ), MET

veto events with extr lepton or b-tag jets

𝑴𝒋𝒋 or 𝑴𝒋 consistent with W mass

Separate events into VBF or non-VBF tagged

•Dominant background:

W+jets:  
Normalization from 𝑴𝒋 sideband

Shape from sideband data extrapolated to signal region

Top & diboson :
Corrected through TTbar control region



HWW lnjj & lvj
JHEP 1510 (2015) 144

PKU contributed to development and application of W-tagging method in heavy 

Higgs searches;  

Zijun Xu presented the approval talk for HWW  lvj



Qiang Li as analysis Contact;
Mengmeng Wang pre-approval

1.9σ global significance @1.8TeV

Note favored by Run2

EPJC76 (2016) 237

• VV,  VH, HH 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 Subjet b-tagging

TTbar control Region,  Scale Factor

CMS Exotica WH



Comparison  Run2 CMS (low, high) and ATLAS
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Main analysis

EXO-15-002

ATLAS VW

CONF-2015-075

Low mass extension

B2G-16-004

Qun Wang, ApprovalZijun Xu,   Pre-Approval

CMS Exotica WW 2015
CMS-PAS-EXO-15-002

CMS-PAS-B2G-16-004



18Huang Huang as Analysis Contact

Huang Preapproval

Zijun Xu Approval

CMS-PAS-B2G-16-020

Categorization in e,mu, low and high mass, W and 

Z regions 

Extrapolate jet mass sidebands using MC shapes

CMS Exotica WW 2016



19

Dayong Wang,  Linwei Li,  Geng Chen
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PKU has been contributing on RPC since 1998

1999-2002 PKU made RPC passed the beam test at CERN
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CMS Phase 2 Upgrade

IHEP                                    PKU                                THU
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PKU joined GEM R&D for Phase 2 Upgrade

PCB, DAQ, Cosmic ray test, Beam test, Assembling,  

Small/Big size mass production, Software  


