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LHC: a discovery machine of energy frontier
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Large Hadron Collider (LHC):

A machine that has highest Ecm that 
mankind ever made

Located at CERN, 27km tunnel, 14 TeV Ecm
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Data taking status: Big Success

• Data taken from 2010-2018
§ 7TeV à 8 TeV à 13 TeV

• Integrated Luminosity (Delivered)
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20172016

2015
2012

2011
2010

2018

7TeV 8TeV 13TeV 2018
ATLAS 5.5 fb-1 22.8fb-1 158fb-1 65.0fb-1

CMS 6.1 fb-1 23.3fb-1 163fb-1 68.2fb-1

* >94% of detector channels active

2018��������~50%
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A year with rich physics outcome

• Similar number of CONF/PAS notes with preliminary results
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Papers From CDS* All papers 2018/1/1-11/15
ATLAS 807 89
CMS 846 117

104 SUSY

51 B2G

105 Higgs

116SM

91 Top

86 HI

45 Bphysics

39 Forward physics

21 performance

165 exotica
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2018: A Year of Higgs couplings
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Observation of …

• Higgs interaction with top quark:
§ Interaction with Heaviest particle
§ CERN Press release
§ Media/news/view point…

• Higgs decay to bottom quark
§ The largest decay mode
§ CERN Press release
§ Media/news/view point…

• Higgs Decay to tau pairs
§ First obs. H-f coupling; 
§ Confirmation take longer
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2018/4���

2018/6�9�

2018/9�10�

ATLAS/CMS�observation
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Higgs Physics: Measurement of interactions
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How to hunt ttH
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IHEP pre-approval
PKU/SDU/USTCIHEP/SJTU

Higher purityHigher cross-section

arXiv:1804.03682 JHEP 08 (2018) 066 arXiv:1804.02716 JHEP11(2017)047

1.6 (2.2) σ 3.2 (2.8) σ
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Observation of ttH

9

• Combination of ttH,HàWW/ !! /bb/""/ZZ

§ CMS: 7TeV + 8TeV + 13 TeV(35.9 fb
-1

),5.2 σ
§ ATLAS: 13 TeV (35.9 fb-1 – 79.8 fb-1),6.3 σ

• Simultaneous ML fit to all decay modes/Ecm

5.2 (4.2)σ

Phys. Rev. Lett. 120, 231801 2018 

79.8fb-1

Physics Letters B 784 (2018) 173–191

6.3 (5.1)σ
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Observation of Higgs decay to bottom quarks

• Higgs Largest decay mode 
• Search with 4 productions modes

§ VH,Hàbb; 
���
§ ttH+tH,Hàbb; ��
���
§ VBF H, Hàbb;�������
§ ggF H���
��	������Hàbb boosted; 
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5.6 (5.5)σ
IHEP

2018�PRL 121.121801Phys. Lett. B 786 (2018) 59

IHEP/USTC/S
JTU/SDU/NJU

5.4 (5.5)σ
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Observation of Hà!!
• Strong (relatively to other leptons) coupling to Higgs
• Large background dominated by Zà !!
• Search Hà !! in the production mode of ggH,VBF,VH�ttH)
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σggH = 3.0±1.0(stat)−1.2
+1.6 (sys)

σVBF = 0.28± 0.09(stat)−0.09
+0.11 (sys)

pb

pb

THU

ATLAS-CONF-2018-021 PLB 779 (2018) 283

5.9 (5.9)σ

6.4 (5.4)σ
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Search for Hà!!
• ������ Higgs couples to 2nd generation?
• Very small decay BR (0.02%)
• Overwhelming by DY background (cat. And BDT used)
• Getting close for access assume SM: <2.92 SM@95%
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arXiv:1807.06325; accepted by PRLPRL 119 (2017) 051802

USTC/SDU
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Search for Hàinv.

• SM pred. Hàinv. Br: <0.1%

• Enhanced from BSM, ex: DM

• Br<0.26 (0.20) @ 95% 
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arXiv:1809.05937
submitted to PLB

Higgs-portal DM
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tHq searches
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• Sensitive to Yt/gHVV
• Search in Hàmulti-lepton/bb/!!
• Data favors SM phase at 1.5(4)σ
• tHq+ttH about 2 σ within SM pred.

CMS PAS HIG-18-009, 
about to submit to PRD 
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Double Higgs� next big target?
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HIG PAS 2017-030

Limit: <22(13) SM pred.

• Production w/w.o. Higgs self coupling
§ Probe Higgs self coupling

• Searched with multiple final states
bbbb bbWW bb!! bb""
34% 25% 7% 0.26%

purity

Obv. (exp) limit on self coupling

Need HL-LHC

ATLAS-CONF-2018-043

IHEP/SJTU
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Re-establish HàWW/ZZ/!!
• Observed decay channel at beginning of Higgs discovery(2012)

§ Mass/CP/Width/X-section accurate measurements
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arXiv:1808.09054

CMS PAS HIG-18-001

�CMS��

IHEP/USTC/NJU/SDU…

arXiv: 1804.02716
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Higgs: More and more SM Like
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arXiv:1809.10733
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LHC, a top quark factory

• 
�����

• LHC��������
��top�����	���
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t-channel Wt s-channel

Top 2019 @ IHEP
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Top quark production and decays
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Almost 100% decay to tW

Rare decay not yet sensitive to SM

IHEP: contact
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Top quark physics: A probe to SM at extreme accuracy
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arXiv:1811.06625�
submitted to JHEP

13TeV
dilepton

���pt���
�����


IHEP
SDU
…
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	��� top
quark����

V|tb|
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LHC, a discover machine

• Discover Higgs boson
• ����	
��������

21

��ATLAS/CMS
����	��



22, Nov, 2018ATLAS/CMS�� Huaqiao Zhang

SUSY searches

22

Eur.Phys.J.C78(2018)154

Phys.Rev.D96(2017)112010

EWK-2tau Run2

1L+jets+MET Run2

IHEP

IHEP
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Top partner searches

• No signal in single nor 
pair production (yet)
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18:7 6 2> - 4

0 .  ( )

IHEP
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Higgs like resonances
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arXiv:1805.01908

IHEP
SJTU

Zg
IHEP

g g 

��

ZZ(2i2u)

JHEP 06 (2018) 127

24

JHEP1803(2018)009

ZZ/WZ 

EPJC 78(2018)24

WW (eµ) 

EPJC78 (2018) 293

ZZ (4l, llνν)

USTC USTC USTC

  ,.-
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Heavy resonance (W’/Z’…)
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USTC

E6-motivated Z’ models 

JHEP 10 (2017) 182

PKU

JHEP 05 (2018) 088

Di-jet

SDU

Phys. Rev. D 96, 052004 (2017)

WW

Di-! Di-tau

IHEP


�	������������



22, Nov, 2018ATLAS/CMS�� Huaqiao Zhang

Dark mater bench mark model at LHC
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• Keep the mediator information
• Simplified model with parameters of

§ Mmediator, Mχ, gq, gχ

• Searches with MET + X or mediator

arXiv:1507.00966
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Dark matter searches

• No sign of DM (mediator) yet
• Sensitive comparable/better than 

direct searches (model dep.)

27

Spin dependent

ATLAS-CONF-2018-051

USTC SJTU, NJU

Mediator search
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No new physics (yet)

28



22, Nov, 2018ATLAS/CMS� Huaqiao Zhang

B��%B # K(*)μ+ μ−��"	 ���

�!�������$�������

“B����”=>������


Phys. Lett. B781 (2018) 517

arXiv:1806.00636
Accepted by PRD

PKU

PKU
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• ATLAS/CMS �!C���" 4 1/20
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CMS�)F http://cms-results.web.cern.ch/cms-results/public-results/publications/
ATLAS�)F https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
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Backup 
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Higgs production at LHC
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Higgs Decays

33
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Observation of ttH

34

Phys. Rev. Lett. 120, 231801 

4th June 2018, LHCP/PRL and others…
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50 4 F H DI P E H 8I ED D .) N 
) D8 4 D 8 BM FE I I H D LH D IH EDI F8
§ 2 6 645) 4 6 8D 4 5) C8 A M EDI JI ED IE  8D8BMH H
§ . C8 A M EDI JI ED IE (,  8D8BMH H

)14 ED C P E H 8I ED D ID8C N 
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Overview of cross section measurement
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HiggsTopElectroweak



22, Nov, 2018ATLAS/CMS�� Huaqiao Zhang

Top rare decay
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Top mass
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Diboson production measurements
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Electroweak process
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Summary of BSM searches
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Dark mater searches

• Theory

• DM search at LHC complementary to other DM searches
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LHC production

Effective Field Theory

Contact 
interaction

Dipole 
interaction

Simplified 
Models

Higgs 
portal Squark

Z’

Dark 
Photon

UV 
complete 
Models

SUSY

UED
Little 
Higgs 

Less complete à More complete


