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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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CMS detector

• c
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CMS collaboration

4

CMS collaboration
2900 Physicists
184 Institutions
38 countries
550 MCHF
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Data taking status

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

• Integrated Luminosity

5

7TeV: ~6.2 fb-1

8TeV: ~23 fb-1

13TeV: ~124 fb-1

2017
2016

2015
2012

2011
2010

2018
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Content of this presentation
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Higgs Top quark

Vector Bosons

Dark Mater?

Heavy resonances?
SUSY?

Exotic signature?
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As 7th Aug 2018

there are 782 papers 
from CMS, similar 
from ATLAS

More public 
conference notes with 
period updates

Can only cover very 
small portion of the 
total efforts at LHC  

152 exotica

104 SUSY

46 B2G

98 Higgs

114SM

88 Top
80 HI

44 Bphysics
37 Forward physics
20 performance
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Overview of cross section measurement
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HiggsTopElectroweak
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Higgs production at LHC
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Higgs Decays
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Higgs couplings

11

ttH: probably the only channel that can direct probe Higgs Yukawa coupling at LHC

direct detection
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How to hunt ttH

• Search in Hàmultilepton,bb,!!/ZZ

• MVA analysis, multiple(21) signal and control regions
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Higher purityHigher cross-section

arXiv:1804.03682 arXiv:1803.05485 arXiv:1804.02716 JHEP11(2017)047

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

13

• Combination of ttH,HàWW/ !! /bb/""/ZZ
§ 7TeV + 8TeV + 13 TeV(35.9 fb-1, data taken up to 2016)

• Simultaneous ML fit to all decay modes/Ecm 5.2 (4.2)σ

First observation, ATLAS confirmed with more data

Phys. Rev. Lett. 120, 231801 2018 
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tHq searches

14

• 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 



18-21, Aug, 2018Physics updates Huaqiao Zhang

Observation of Higgs decay to bottom quarks

• Higgs Largest decay mode 
• Search with 4 productions modes

§ VH,Hàbb; with 0/1/2 leptons
§ ttH+tH,Hàbb; PRL 120, 231801 2018 (IHEP)
§ VBF H, Hàbb; PRD 92, 032008 (2015)
§ ggF H, Hàbb bosted; PRL 120,071802,2018
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5.6 (5.5)σ

CMS PAS HIG-18-016; to be submitted to PRL

VH ggH, boosted

IHEP contribute to ttHbb
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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,Hà !! comes recently and not yet in the combination
§ Categorized into: 0-jet, VBF, boosted

16

PLB 779 (2018) 283

5.9σ 7/8/13 TeV
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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(2.16) SM @ 95% CL

17

arXiv:1807.06325; submitted to PRL
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Search for Hàinv.

• SM pred. Hàinv. Br: <0.1%

• Enhanced from BSM, ex: DM

• <0.24 (0.18) @ 95%

18

HIG PAS 2017-023 �
to be submitted to PLB

Higgs-portal DM
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Search for double Higgs

19

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

§ WW: 21.5%: large BR, missing final states information
§ ZZ: 2.6%: Clean and narrow peak, low/flat background
§ !!: 0.2%, narrow peak over smooth falling background

20

arXiv:1806.05246

IHEP

CMS PAS HIG-18-001 arXiv:1804.05246

IHEP
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Higgs mass/width/fiducial-differential cross section

• Measurement performed with high precision channels
§ ZZ/ !!/WW

• Mass� Run2 ZZ: 125.26 +- 0.21 GeV (statistical dominate)
• Width� SM: 4MeV; direct measurement: < 1.1 GeV; 

onshell/offshell ratio: <14.4 MeV

21

PAS HIG-18-028
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Summary of Higgs production and decays (13 TeV)
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CMS PAS HIG-17-031 
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LHC, a top quark factory

• ~3*108 top events generated at LHC
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Overview of top physics

• Mass: heaviest (known) elemental particle
• Decay before hadronization

24

t-channel Wt s-channel
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Top production cross section measurement 

25

Pair production Single top

associate

rare

IHEP pre-approval, approval, contact
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Top rare decay
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Top mass
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Top pt
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PAS TOP-2017-014 �
to be submitted to JHEP

13TeV
dilepton

8TeV
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Differential cross section (dilepton)
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PAS TOP-2017-014 �
to be submitted to JHEP
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4 tops

30

• ~1/105 of ttbar events
• Sensitive to new physics 

(e.g. High mass scales), 
and top quark Yukawa 
coupling

• Need more data to explore

1.6 (1.0) σ
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Diboson production measurements

31
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Electroweak process

32
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34

WV半�道探�反常耦合
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Phys. Lett. B 772 (2017) 21
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aQGC限制
Phys.Lett. B770 (2017) 380;   JHEP 06 (2017) 106
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B physics

37
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�B � K(*)μ+ μ−��������
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CMS Collaboration / Physics Letters B 753 (2016) 424–448 431

Fig. 4. Measured values of FL, AFB, and dB/dq2 versus q2 for B0 → K∗0µ+µ− . The 
statistical uncertainty is shown by the inner vertical bars, while the outer vertical 
bars give the total uncertainty. The horizontal bars show the bin widths. The vertical 
shaded regions correspond to the J/ψ and ψ ′ resonances. The other shaded regions 
show the two SM predictions after rate averaging across the q2 bins to provide a 
direct comparison to the data. Controlled theoretical predictions are not available 
near the J/ψ and ψ ′ resonances.

INFN (Italy); MSIP and NRF (Republic of Korea); LAS (Lithuania); 
MOE and UM (Malaysia); CINVESTAV, CONACYT, SEP, and UASLP-
FAI (Mexico); MBIE (New Zealand); PAEC (Pakistan); MSHE and 
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l’Industrie et dans l’Agriculture (FRIA-Belgium); the Agentschap 
voor Innovatie door Wetenschap en Technologie (IWT-Belgium); 
the Ministry of Education, Youth and Sports (MEYS) of the Czech 
Republic; the Council of Science and Industrial Research, India; the 

Fig. 5. Measured values of FL, AFB, and dB/dq2 versus q2 for B0 → K∗0µ+µ− from 
CMS (combination of the 7 TeV [29] results and this analysis), Belle [26], CDF [27,
51], BaBar [52], and LHCb [28]. The CMS and LHCb results are from B0 → K∗0µ+µ−

decays. The remaining experiments add the corresponding B+ decay, and the BaBar 
and Belle experiments also include the dielectron mode. The vertical bars give the 
total uncertainty. The horizontal bars show the bin widths. The horizontal positions 
of the data points are staggered to improve legibility. The vertical shaded regions 
correspond to the J/ψ and ψ ′ resonances.
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B" → K"%"%& '() �	��*+ 
�����

The measured ,-. and /0 show good agreement with the SM predictions within 
the uncertainty. 

No clear indication of new physics beyond the SM could be drawn from present 
results. 
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Dark mater searches

• Theory

• DM search at LHC complementary to other DM searches

41

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
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Dark mater bench mark model at LHC

42

• 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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Mono-γ/jet + MET, Searches

43

• Searching for excess on MET after mono-objet selection 

Eur. Phys. J. C 77 (2017) 393 CMS-PAS-EXO-16-048 CMS-PAS-EXO-16-048
arXiv:1706.03794 ATLAS-CONF-2017-060 PLB 763(2016)251
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Summary of dark matter searches at CMS

• No sign of DM (yet)

44

Spin dependent Spin independent
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Excited bottom quark (JHEP 01 (2016) 166)
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 8
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005)
� 3,��%
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– Lepton+jets(AN2014/103):   IHEP
– Dilepton(AN2013/415):   NTU, IHEP, UVB 
– Full hadronic(AN2014/049):  JHU
– Combination(AN2014/202):  IHEP, JHU, 

NTU, UVB
• �0��.��1.5TeV(��:

§ ��	2�(�$&+���1
§ )
��(limit

JHEP 01 (2016) 166
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18-21, Aug, 2018Physics updates Huaqiao Zhang

Search for an Lµ-Lt gauge boson

• Search for a narrow light Z’ 
decaying in µ+µ- using Z�4µ
events

• These Lµ-Lt symmetries could 
explain possible LF universality 
violations in B-meson decays, 
muon g-2 anomaly, and current 
negative observations in direct 
dark matter detections

• CMS uses the 77.3/fb
2016+2017 dataset 

• Observations are consistent 
with the SM predictions

49

CMS-PAS-EXO-18-008

���approval���contact



18-21, Aug, 2018Physics updates Huaqiao Zhang

$�#	tau������

50

• 	������LHC������
• ���!"����� ��	

tau���

• RUN1 PAS( CMS-PAS-EXO-12-046
• RUN2 PAS( CMS-PAS-EXO-16-008
• ��(JHEP 02 %2017& 048

• $����
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�'approval��
§ ��Run2����'
������

$��approval��'contact
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Summary of BSM searches

52
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Summary of SUSY searches

53
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 = 13TeVs
CMS Preliminary

-1L = 12.9 fb -1L = 35.9 fb

LSP m×+(1-x)Mother m× = xIntermediatem
For decays with intermediate mass,

0 GeV unless stated otherwise  » 
LSP

 Only a selection of available mass limits. Probe *up to* the quoted mass limit for  m
*Observed limits at 95% C.L. - theory uncertainties not included
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�
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• Higgs physics : 
§ ttH: IHEP ���/��
§ HàZZ: IHEP 	�� !����%"
§ Hà!!: IHEP���

• Di-boson : PKU��
• B��$ PKU���

• �
��!IHEP"$tZq#tW$���
• �����!All Chinese CMS# ��#��#��…"$

§ Diboson#VLQ#b*#Heavy majorana neutrinos, Lµ-Lt gauge boson, low 
mass di-photon resonance, Z’àee/mm/tautau …
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Summary

• Observation of Higgs coupling to 3rd generation quarks
§ Top (direct production), bottom, tau (decay)
§ All Higgs Main production and decay modes observed
§ Search for Higgs rare process updated

• Precision tests of SM through top/diboson processes
§ Next focus?

• Extensive search for new physics 
§ No concrete sign of new physics yet

• More data coming extend to new era
§ ~150 fb-1 data on tape vs 3000 fb-1 in coming years
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3 Observations in one year

Chines CMS colleagues play leading role in many analysis 


