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➢ About LHC, ATLAS and CMS
➢ Higgs @ LHC Run1
➢ Higgs @ LHC Run2
➢ Re-discovery SM Higgs
➢ Search for VBF, VH, ttH, tH Higgs production
➢ Search for Hbb, tt, mm to study Yukawa couplings 
➢ Use Higgs boson as a tool to find new physics
➢ Heavy Higgs
➢ Charged Higgs
➢ Double-Higgs production
➢ Higgs BSM decays and couplings



Large Hadron Collider at CERN

LHC is the world’s largest collider (7-13 TeV)
ATLAS Collaboration (39 countries, 183 institutions, ~ 3000)
CMS Collaboration (41 counties, 184 institutions, ~3000)

Tunnel (26.7km)
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ATLAS Experiment
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ATLAS-中国组(120人)
- 高能所、南大、清华
- 科大、山大、交大

李政道研究所



CMS Experiment
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CMS-中国组(80人)
- 高能所、北大
- 北航、清华
- 中山大学



Large Hadron Collider

Tunnel (26.7km)
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Great challenge to find 
Higgs boson from huge 
background events



Particle Identification
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Muon Spectrometer:

muon identification and 

momentum measurement

Hadronic calorimeter:

Measurement of jets and 

missing energy

Electromagnetic calo:

e/ identification and 

energy measurement

Tracking system:

Charged particle 

momentum, vertexing



LHC Online Luminosity
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➢ Challenge condition: Luminosity 

reached 2x1034 cm-2s-1

➢ Pileup m reached up to 70, beyond 

ATLAS/CMS detector can handle m 

~ 60, need to improve High Level 

trigger and upgrade detector.



Great Challenge

9

LHC Luminosity（2 x 1034 cm-2s-1   ） Large Pileup Events

HZZ4l l

l

l

l

BDT method developed by 
Haijun Yang etc. is widely 
used to improve Particle ID 
and event selection !

H. Yang et.al., NIMA543 (2005) 577-584
H. Yang et.al., NIMA555 (2005) 370-385

Great challenge for event 
reconstruction, identification 
and physics analyses.



(sequential series of cuts

based on MC study)

A Decision Tree (Nsignal/Nbkgd)

40000/40000

30,245/16,3059755/23695

20455/3417 9790/12888
1906/16828

7849/6867

signal-likebkgd-like

bkgd-like signal-like
signal-like

bkgd-like

Variable 1

Variable 2

Variable 3

通过Boosting 算法不断提高误判事例的权重，产生一系列Decision Trees

把每个事例在所有Decision  

Trees获得的积分累加，通过
“Majority vote”方法提高性
能和稳定性。

通过Boosting不断提高误判事

例的权重，使得这些难以区分
的事例在后续的Decision  Trees

获得的正确区分，提高效率。10



Boosted Decision Trees (BDT)

CERN TMVA package , http://tmva.sourceforge.net/
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BDT方法已收录进CERN TMVA分析软件包，广泛应用于希格斯

粒子的寻找和性质测量，被全球数十家大型国际合作实验组
采用作为主要的方法来提高新物理探测灵敏度。



Particle Identification
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ATLAS-CONF-2015-041, ATL-PHYS-PUB-2016-015
Eur. Phys. J. C (2016) 76:292
CMS-DP-2015-015, CMS-DP-2016-015/042/049
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b

b e, , t, b identifications are 

based on BDT method

http://link.springer.com/article/10.1140/epjc/s10052-016-4120-y
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标准模型产物的精确测量
是寻找新物理的基石 !



Search for New Particles
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✓ X  di-boson
✓ X  di-lepton
✓ X  di-jets
✓ X  di-Higgs
✓ … …

✓ SUSY
✓ Dark Matter
✓ Heavy Quark

… …

Invariant Mass
Distribution



Discovery of the Higgs Boson

ATLAS

CMS

5.2(4.6) 8.1(6.2)

5.6(5.3) 6.5(6.3)
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Discovery of the Higgs boson (2012)

PLB 716 (2012) 1-29 (ATLAS)

PLB 716 (2012) 30-61 (CMS)

!



Higgs Combined Results at Run1
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• Combination of ATLAS and CMS results helps to 

improve statistics and reduce uncertainties.
• ATLAS:  4.5/fb at 7 TeV,   20.3/fb at 8 TeV
• CMS:     5.1/fb at 7 TeV,   19.7/fb at 8 TeV
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Higgs Mass at Run1

• Higgs mass precision at 0.2%

• Statistical error is dominant

• Editor’s suggestion, cover page

PRL114 (2015) 191803



Higgs Combined Results JHEP08(2016)045

 H  , ZZ, WW, all diboson channels are discovered > 5s ！
 H  tt has 5.5s;  VBF Higgs has 5.4s ！

19

https://arxiv.org/ct?url=http://dx.doi.org/10.1007/JHEP08(2016)045&v=a6dea9fc


 Combined diboson final states,  Higgs spin and 
parity agree well with SM predictions and 
exclude non-SM combinations with 99.9% CL.

20

Higgs Spin and Parity
EPJC75, 476 (2015)
PRD89(2014)092007



➢ Higgs couplings measured from LHC data are consistent with SM.

Higgs Couplings

21
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Higgs couplings to fermions

➢ Higgs couplings to fermions and bosons strongly constrained 
by LHC Run1 measurements



Higgs @ LHC Run2 
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LHC Run2 Priorities on Higgs:
➢ Re-discovery of SM Higgs
➢ Search for VBF, VH, ttH, tH Higgs production
➢ Search for Hbb, tt to study Yukawa couplings 
➢ Search for rare decays Hmm

➢ Use Higgs as a tool to find new physics
➢ Heavy Higgs, charged Higgs
➢ Double-Higgs production
➢ Higgs BSM decays and couplings
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Higgs Analysis Strategy
arXiv:1605.04692
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Re-discovery of SM Higgs Boson
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Precision Measurements of Higgs



Total and Fiducial Cross Sections

Total and fiducial cross section
From HZZ*4l and H
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ATLAS-CONF-2017-047
ATLAS: JHEP 10 (2017) 132
CMS: JHEP 11 (2017) 047



Search for Higgs  tt
JHEP04 (2015) 117
arXiv:1708.00373, PLB

Htt (Run1), ATLAS: 4.4s , CMS: 3.4s;  

Combined result: 5.5s (exp 5s)

CMS Run1+Run2: 5.9s (exp 5.9s)

❖ H->tt is an important channel to study 
Higgs Yukawa coupling.

28



Search for Higgs  bb JHEP12 (2017) 024
CMS-HIG-16-044

Hbb (58%) is an important channel to study 
Yukawa coupling, but with huge QCD bkgd.

29



Search for Higgs  bb JHEP12 (2017) 024
CMS-HIG-16-044

Hbb (58%) is an important channel to study Yukawa coupling

30



Search for Higgs  mm
PRL 119, 051802 (2017) 
CMS-PAS-HIG-17-019

Higgs rare decay to muon pair,

measure Yukawa coupling to 

the 2nd generation of fermion

31



Higgs @ LHC Run2 - H. Yang (SJTU) 32

Higgs couplings to 2nd and 3rd generation



Search for ttH
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ATLAS-CONF-2016-058
ATLAS-CONF-2016-068

 Combining ttH in , multi-
lepton (decay from HWW, 
ZZ, tt), bb states, obs (exp) 
significance of 4.2s (3.8s).
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Search for ttH



Search for tH, Hbb
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CMS-PAS-HIG-16-019

 tH production is sensitive to Yukawa coupling 
magnitude and sign of kt, at 13 TeV, 

➢ SM predict: tHq (71fb) and tHW (16fb)
➢ ITC predicts: tHq (739fb) and tHW (147fb)
 The obs (exp) 95% CL upper limit for ITC scenario 
is 6 (6.4) times predicted cross section.
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Search for ZH (Hinv)
PLB 776 (2017) 318



 To search for Dark Matter (MET) associated with a Higgs boson.

37

Search for Higgs + DM

No significant excess  is 
found in search for Higgs 
(Hbb) with large MET.

Vector mediator hZ’ Scalar mediator hS

ATLAS-CONF-2017-028
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Search for W’/Z’/AVH
arXiv:1712.06518
arXiv:1707.06958

2HDM: Search for CP-odd Higgs boson A in semileptonic final states
HVT (Heavy Vector Triplets, JHEP09 (2014)060): Search for W’ and Z’ heavy bosons 

MW’ < 2.67 TeV (2.82 TeV)
MZ’ < 2.65 TeV (2.83 TeV)
For A boson, UL for ggF
and associated b-quarks 
production are 5.5-240fb 
and 3.4-730fb respectively. 
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Search for W’/Z’VH
arXiv:1712.06518
arXiv:1707.06958
PLB 774 (2017) 494

X W/Z+H with Hbb and W/Zqq’  Local (global) significance at 3 TeV
VH signal region is 3s (2.1s)
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Search for XWW/WZ/ZZ/VH PLB 774 (2017) 533

 The observed mass limit for W’ and Z’ is 2.4 TeV for HVT 
model based on the 8 TeV and 13 TeV data samples.



Higgs @ LHC Run2 - H. Yang (SJTU) 41

Search for XWH and ZH arXiv:1707.01303

With 35.9 fb-1 data, the observed mass limit for XVH is 2.76 and 
3.3 TeV for HVT models A and B, respectively.

 The largest local (global) significance is 2.6s (0.9s) at mX=2.6 TeV.



• Higgs Boson is not only 
responsible for the mass 
origin but also the 
bridging window to new 
BSM physics anomalies:

• Higgs-like h/A/H, 
(doubly-) charged higgs, 
Vh, resonant di-higgs, 
non-standard decayed 
higgs, …

Higgs @ LHC Run2 - H. Yang (SJTU) 42

BSM Higgs Search
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Search for XZZ/ZW (llqq, vvqq) arXiv:1708.09638

ggF/VBF: HVT heavy HZZ
VBF/DY: HVT W’ZW, mW’> 2.9 (A) 3.2 (B) TeV
ggF: spin-2 KK excitations GKK > 1.3 (observed) 
and 1.6 (expected) TeV at 95% CL.
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Search for XWW/WZ (lvqq) arXiv:1710.07235

ggF/VBF: HVT mW’> 2.8 (A) 3.0 (B) TeV
HVT mZ’> 2.7 (A) 3.0 (B) TeV

ggF/VBF: spin-2 KK excitations GKK > 1.75TeV at 95% CL.
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Search for XVV (qqqq) PLB777 (2017)91
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Search for Heavy HZZ4l, 2l2v
arXiv:1712.06386

➢ Combination of 4l and 2l2v
➢ Search for high mass heavy 

resonances in ggF and VBF 
modes, looking into LWA 
alongside NWA

➢ Interpretation in context 
of 2HDM, Higgs/scalar 
interpretations for DBL 
hadronic HVV
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Neutral Higgs: H/A/hτ+τ- arXiv:1709.07242
CMS-PAS-HIG-17-020

MSSM Higgs boson
production modes
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Neutral Higgs: H/A/httbar
PRL 119 (2017) 191803

• Search for heavy (pseudo-)scalar  higgs
bosons in ttbar lep+MET+jets final 
states

• Results interpreted within the context 
of a type-II two-Higgs-doublet model

• one of the main challenges: the large 
interference with ttbar bkg

• Exclusion limits on the signal strength 
at 95% CL in the mA/H versus tanβ plane
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Search for Charged H
WZ

arXiv:1705.02942
PRL119 (2017)141802
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MSSM Higgs Searches
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Search for Double-Higgs
Non-resonant Resonant

arXiv:1707.02909
arXiv:1708.04188



Search for Double-Higgs
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Higgs BSM Decays
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Search for H2a4b
EPJC 76 (2016) 605
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Searches for haa final states
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Higgs Flavor Violating Coupling CMS-HIG-17-001

arXiv:1712.07173
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Searches for long-lived decay ATLAS-CONF-2016-042
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Higgs Invisible Decays

PLB 776 (2017) 318



LHC runs extremely well
Results are consistent with SM

More results are coming
Please stay tuned

Thanks !
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Backup Slides
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Search for Diboson Resonance

 Search for heavy resonances in diboson final states (eg. llqq, nnqq, lnqq , qqqq), well-motivated 

extensions to the SM and has very rich phenomenology. LHC Run1 observed some excess which needs 

cross check using 13 TeV data at Run2

o Heavy Vector Triplet (HVT)  model A, BR(W’WZ) ~ 2%

o Kaluza-Klein (KK) modes in Randall-Sundrum(RS)

graviton model, BR(G*ZZ)~ 8-10%

o Generator: MadGraph5 2.2.2 (NNPDF23LO)
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ATLAS-CONF-2015-071
ATLAS-CONF-2015-075

Two heavy Higgs-like boson hypotheses are tested ( HWW lnqq ): 

Narrow Width Assumption (NWA,  SM Higgs width of 4MeV) ,  

Large Width Assumption  (LWA, 5-15% of heavy Higgs mass)

 No evidence is observed, masses below 1060 GeV and 1250 GeV are excluded at 95% CL for spin-2 

RS G*WW and HWW.  Upper limits on s  BR(HWW) with NWA/LWA  [0.02, 0.3]pb

G* WWlnqqH WWlnqq

W’WZlnqq
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Searches for long-lived decay CMS-EXO-2016-003
arXiv:1711.09120



Higgs @ LHC Run2 - H. Yang (SJTU) 65

Higgs Flavor Violating Coupling
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Higgs Flavor Violating Coupling
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希格斯粒子的产生机制和衰变

 ggH, ttH, bbH – Yukawa coupling
 VBF, VH – Gauge coupling
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Search for heavy HiggsZZ*4l
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VBF H + 



大量的事例堆积对探测器信号读出、

粒子重建和鉴别造成巨大的挑战 !

70

HZZ4m m

m

m

m

Higgs @ LHC Run2 - H. Yang (SJTU)

采用多变量
MVA-BDT

方法提高粒
子鉴别效率
和事例识别



探测器性能-粒子鉴别
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ATLAS-CONF-2015-041, ATL-PHYS-PUB-2016-015
Eur. Phys. J. C (2016) 76:292
CMS-DP-2015-015, CMS-DP-2016-015/042/049
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b

b e, , t, b粒子的鉴别采用
多变量MVA-BDT方法。

http://link.springer.com/article/10.1140/epjc/s10052-016-4120-y


Boosted Decision Trees (BDT)

Tunnel (26.7km)
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1984          1996           2004          2006           2007           2009           2012         2015 

1984. L. Breiman, J.H. Friedman, R.A. Olshen, C.J.Stone, “Classification and Regression Trees”, 
Wadsworth, 1984. (首次提出 Classification Trees概念)

 1996. Ref: Y. Freund, R.E. Schapire, “Experiments with a new boosting algorithm”, 
Proceedings of COLT, ACM Press, New York, 1996, pp. 209-217. (首次提出AdaBoost算法)

2004. 本人和Byron P. Roe, Ji Zhu首次把Boosting算法和Decision Trees结合，提出Boosted 
Decision Trees (BDT)，作为通讯作者发表4篇论文，为BDT应用于粒子物理实验数据分析
做出了开创性的贡献。BDT广泛应用于希格斯粒子的发现和性质测量及新物理寻找等。

应用于ATLAS, CMS, LHCb, MiniBooNE, CDF, D0, BarBar, BESIII, AMS, IceCube, PandaX 等等.
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Boosted Decision Trees (BDT)

 2004/8/30, arXiv:physics/0408124, [Nucl.Instrum.Meth. A543 (2005) 577-584]
Byron P. Roe, Hai-Jun Yang*, Ji Zhu, Yong Liu, Ion Stancu, Gordon McGregor, 
“Boosted Decision Trees as an Alternative to Artificial Neural Networks for Particle Identification”

 2005/8/8, arXiv:physics/0508045, [Nucl.Instrum.Meth. A555 (2005) 370-385]
Hai-Jun.Yang*, Byron P. Roe, Ji Zhu, 
“Studies of Boosted Decision Trees for MiniBooNE Particle Identification” 

 2006/10/31, arXiv:physics/0610276, [Nucl. Instrum. & Meth. A 574 (2007) 342-349]
Hai-Jun Yang*, Byron P. Roe, Ji Zhu, 
“Studies of Stability and Robustness for Artificial Neural Networks and Boosted Decision Trees” 

 2007/8/27, arXiv:0708.3635, [JINST3:P04004,2008]
Hai-Jun Yang*, Tiesheng Dai, Alan Wilson, Zhengguo Zhao, Bing Zhou, 
“A Multivariate Training Technique with Event Reweighting”

美国物理学会会长Homer A. Neal 教授对此高度评价
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(sequential series of cuts

based on MC study)

A Decision Tree (Nsignal/Nbkgd)

40000/40000

30,245/16,3059755/23695

20455/3417 9790/12888
1906/16828

7849/6867

signal-likebkgd-like

bkgd-like signal-like
signal-like

bkgd-like

Variable 1

Variable 2

Variable 3

通过Boosting 算法不断提高误判事例的权重，产生一系列Decision Trees

把每个事例在所有Decision  

Trees获得的积分累加，通过
“Majority vote”方法提高性
能和稳定性。

通过Boosting不断提高误判事

例的权重，使得这些难以区分
的事例在后续的Decision  Trees

获得的正确区分，提高效率。Higgs @ LHC Run2 - H. Yang (SJTU)



Boosted Decision Trees (BDT)
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CERN TMVA 软件包收入 , http://tmva.sourceforge.net/



ATLAS 中国组（ATLAS Chinese Cluster）

•六个单位组成（按英文字母排序）:
• Institute of High Energy Physics (高能所)
金山（万人、杰青）、娄辛丑（千人）、庄胥爱（百人）、方亚泉（青
千）、朱宏博（青千）、黄燕萍（青千）、梁志军（百人）、史欣（青
千）、Joao Costa （外专千人）、吕峰、单连友、徐达

• Nanjing University (南大)
陈申见、祁鸣

• Shandong University (山大)
张学尧、马连良（青千）、冯存峰、祝成光

• Shanghai Jiao Tong University （上海交大）
杨海军（青千）、李亮（青千）、郭军（青千）、杨勇（青千）

• Tsinghua University （清华）
陈新（青千）、周宁（青千）

• University of Science and Technology of China     (科大)
赵政国（院士、千人）、韩良（杰青、百人）、蒋一、刘衍文、刘建北
（青千）、彭海平（杰青、百人）、朱莹春、刘明辉



CMS中国组人员队伍一览

高能所：
职工 10人：陈和生 陈国明 卞建国 王征 陈明水（百人）

张华桥（青千）陶军全 孟祥伟 陈晔 廖红波（百人）

博士后 8人：朱世海（已出站） Roko Plestina (克罗地亚，已出站）

F. Romeo （意大利）A. Spiezia （意大利） D. Lagget （英国）

成瞳光 吴梦晴 王伟

在读学生 5人：沈玉乔 张思靓 李秉桓 S. Masood  A. Muhammad （巴基
斯坦）毕业学生6人：范嘉伟, 肖虹，梁松，汪先友，王健，藏京京

北大：
教职 5人：冒亚军 班勇 钱思进 王大勇（北大百人） 李强

学生 13人：徐子骏、王蒙蒙、张照茹、张冯望东、李晶、杨大能、陈耿、
王群、李俊昊、黄璜、袁晓庆、李林蔚、黄迁明

毕业学生11人：李文博 郭逸飞、郭爽、朱博、滕海云、张琳琳、邹伟、
刘帅、马妙钟，郭威、温一闻

北航：沈成平，袁丽，学生：方文兴、高旭阳

清华：王义
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ATLAS SUSY Searches
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标准模型产物的精确测量
是寻找新物理的基石 !
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标准模型截面测量

Tunnel (26.7km)
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标准模型截面测量

Tunnel (26.7km)
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标准模型截面测量

Tunnel (26.7km)
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双玻色子截面
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ATLAS-CONF-2016-043/090
arXiv:1607.06943
arXiv:1607.08843

PRL 116, 101801 (2016)
arXiv:1607.08843

ATLAS-CONF-2016-090

arXiv:1607.06943
ZZ

WZ

WW

WZ: ~20% 

correction for 

NNLO Which 

describes data 

better than NLO



LHC: a Top quark factory
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ATLAS-CONF-2016-005
PRL 116 (2016) 052002
CMS-PAS-TOP-16-006

Measured cross section agrees well 
with NNLO+NNLL theoretical prediction

 tt bbWW bb emnn (OS-em)

CMS: 746 ± 58(stat) ± 53(syst) ± 36 (lumi) pb



Higgs Properties at Run1
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• Higgs Strength m = 1.09 ± 0.14

• Spin/Parity: 0+

• Couplings: agree with SM predictions
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Search for tH (Hbb)
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Search for Higgs  mt
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Charged Higgs tn, tb
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Higgs WW* 
CMS-PAS-HIG-15-003
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Search for ttH, H, 4l

• Small cross section, but top quarks provide good handles to trigger and event selection.

ATLAS-CONF-2016-068
CMS-PAS-HIG-16-020
CMS-PAS-HIG-16-041



Re-discover Higgs  ZZ* 4l

Tunnel (26.7km)
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ATLAS-CONF-2016-079

科大李冰、徐来林、赵政国，
交大杨海军在 ATLAS Run1 参
与HZZ*的分析，用BDT方法

提高信噪比，测量自旋和宇
称等，首次提出用Z4l刻度
希格斯质量，担任4篇Higgs论
文的编辑之一。
Run2主要参与VBF 事例的
选择优化，截面测量等。

Higgs @ LHC Run2 - H. Yang (SJTU)

7.4s



Re-discover Higgs  ZZ* 4l
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➢ Combined Run2 H and ZZ* results
➢ Inclusive signal strength: 



Re-discover Higgs  ZZ* 4l
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CMS-PAS-HIG-16-033
CMS-PAS-HIG-16-041

Higgs @ LHC Run2 - H. Yang (SJTU)

 Probing 4 (ggH, VBF, VH, ttH) production modes with 
7 event categories, make kinematic discriminants 
using matrix elements to reject background events.

高能所陈明水、成曈光、Ahmad、Roko参与希格斯
质量、产生截面的测量。



Re-discover Higgs  ZZ* 4l
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CMS-PAS-HIG-16-041



Higgs @ LHC Run2 - H. Yang (SJTU) 97

Re-discover Higgs  ZZ* 4l
CMS-PAS-HIG-16-041
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Higgs Mass

• Mass is determined by 3D measurement with m(Z1) constraint
• Invariant mass of 4l and Mass error
• Discriminant for qq/gg  4l

CMS-PAS-HIG-16-041
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Higgs width
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Total / fiducial Cross Section
ATLAS-CONF-2016-081
CMS-PAS-HIG-16-020
CMS-PAS-HIG-16-041



(sequential series of cuts

based on MC study)

A Decision Tree (Nsignal/Nbkgd)

40000/40000

30,245/16,3059755/23695

20455/3417 9790/12888
1906/16828

7849/6867

signal-likebkgd-like

bkgd-like signal-like
signal-like

bkgd-like

Variable 1

Variable 2

Variable 3

通过Boosting 算法不断提高误判事例的权重，产生一系列Decision Trees

把每个事例在所有Decision  

Trees获得的积分累加，通过
“Majority vote”方法提高性
能和稳定性。

通过Boosting不断提高误判事

例的权重，使得这些难以区分
的事例在后续的Decision  Trees

获得的正确区分，提高效率。101



Boosted Decision Trees (BDT)

CERN TMVA package , http://tmva.sourceforge.net/

102

BDT方法已收录进CERN TMVA分析软件包，广泛应用于希格斯

粒子的寻找和性质测量，被全球数十家大型国际合作实验组
采用作为主要的方法来提高新物理探测灵敏度。



Particle Identification

TeV Physics at LHC Run2 - H. Yang (SJTU) 103

ATLAS-CONF-2015-041, ATL-PHYS-PUB-2016-015
Eur. Phys. J. C (2016) 76:292
CMS-DP-2015-015, CMS-DP-2016-015/042/049

e

e t

t

m
m



b

b e, , t, b identifications are 

based on BDT method

http://link.springer.com/article/10.1140/epjc/s10052-016-4120-y
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标准模型产物的精确测量
是寻找新物理的基石 !



Re-discover Higgs  
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ATLAS-CONF-2016-067
ATLAS-CONF-2016-081
ATLAS-CONF-2016-068

Higgs @ LHC Run2 - H. Yang (SJTU)

测量结果与标准模型一致

 高能所金山、黄燕萍、彭聪在LHC实
验率先开展H→γγ 截面测量研究，在
该分析中发挥主导作用，担任Editor，
发表多篇文章和 Conf-Note。

 上海交大王子瑞、杨海军参与VH, 
(H)事例选择和优化，光子
isolation。

Obs 4.7s

Exp 5.4s

13 categorisation: 4(ggF)
2(VBF), 5(VH), 2(ttH)



Re-discover Higgs  
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➢ Signal strength is obtained for each production mode
➢ No significant deviation from the SM expectations is observed
➢ Run1 and Run2 results use NNLO and N3LO calculation for ggF
➢ N3LO calculation results in ~10% increase of  sggF. 

ATLAS-CONF-2016-067



Re-discover Higgs  
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CMS-PAS-HIG-16-020

Higgs @ LHC Run2 - H. Yang (SJTU)

 H双光子末态
观察到6.1s，信号

强度和截面测量与
标准模型吻合。
高能所陶军全等

参与光子鉴别及
Zmm检验，担任
论文编辑之一。



Re-discover Higgs  

Higgs @ LHC Run2 - H. Yang (SJTU) 108

➢ Signal strength agrees with SM
➢ Couplings KV and KF are consistent 

with the SM expectation.

CMS-PAS-HIG-16-020
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Anomalous HVV interactions
CMS-PAS-HIG-17-011
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Anomalous HVV interactions
CMS-PAS-HIG-17-011
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Anomalous HVV interactions
CMS-PAS-HIG-17-011



Search for VBF Higgs

112Higgs @ LHC Run2 - H. Yang (SJTU)

ATLAS-CONF-2016-068
ATLAS-CONF-2016-063

 VBF 是希格斯粒子产生的第二大机制，能否在实验上观测到VBF Higgs是希格
斯发现后重要研究课题之一。

 高能所方亚泉、章宇、娄辛丑率先提出多变量方法BDT分析VBF H。担任
分析的Contact和文章editor，发挥主导作用，已发表多篇文章和Conf-Note。

 目前唯一可以区分WWH 与ZZH
的贡献的分析是H(bb)，

 高能所梁志均, Javier Llorente 

Merino 率先提出该分析，并担
任分析的Contact，給Approval报
告，发挥主导作用。
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Search for VBF Hbb
CMS-PAS-HIG-16-003



Search for VH, Hbb
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ATLAS-CONF-2016-091

• 测量H->bb衰变分支比和汤川耦合
• 按照末态轻子，喷注数和运动学划分信号区，

采用BDT降低本底。
 科大李昌樵、陈程、刘衍文 (b-tagging, CxAOD，

BDT分析，统计分析)
 山大马延辉、马连良 (WHlnbb, b-tagging, top本

底估计)
 高能所单连友参与WHWWW*分析
 南大王超、陈申见 (AZH)
 交大Nataliia、郭军、杨海军 (AZHnnbb分析)

Run1: ATLAS+CMS combined
Hbb 2.6s (exp. 3.7s)

Run2: 13 TeV (2015+2016)
Zll, Wlv, Zvv
ATLAS 0.4s (exp. 1.9s)



*Search for X  

寻找高质量共振态粒子，2015年在

LHC实验数据中ATLAS和CMS观测

到750GeV附近分别约有3.4 s和 3.0s

超出，引起了理论家的广泛兴趣！

Higgs @ LHC Run2 - H. Yang (SJTU) 115

ATLAS-CONF-2016-018
arXiv:1606.03833
CMS-PAS-EXO-15-004



*Search for X  

ATLAS和CMS最新的Run2
数据中都没有观测到
750GeV 附近有显著超
出！

➢高能所金山、黄燕萍、
彭聪、冉坤林、韩朔、
方亚泉、章宇、娄辛
丑等做出重要贡献，
包括本底估计、多喷
注分类、CR研究和统
计分析等。

➢交大王子瑞、杨海军
参与光子isolation
研究

❖高能所CMS组主导低
质量双光子分析，范
嘉伟完成主要分析。

Higgs @ LHC Run2 - H. Yang (SJTU) 116

ATLAS-CONF-2016-018/059
JHEP 09 (2016) 1
CMS-PAS-EXO-16-027

2s



*Search for X  Z

Tunnel (26.7km)
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ATLAS-CONF-2016-044
arXiv:1607.06363

Zγ末态有可能发现类似Higgs粒子
的高质量的新粒子。

高能所金山、黄燕萍、韩朔主导
完成了Zee,mm分析的全过程，

事例选择，信号显著性优化，信
号建模，本底组成分析，系统误
差、统计分析。

担任Contact editor 发挥主导作用，
已投送1篇 (arXiv:1607.06363)

✓ 高能所梁志均、孙小虎、方亚泉
分析Zdi-jet末态，主要贡献：估

计本底；信号效率的误差估计；
统计分析。

 担任分析的Contact，文章editor，
給 approval talk, 在该分析中发挥
主导作用。已投送一篇 PLB 
(arXiv:1607.06363)
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Search for Heavy H ZZ
ATLAS-CONF-2016-079/056
EPJC76(2016)45
CMS-PAS-HIG-16-033

HZZ*4l

HZZ*2l2n

交大杨海军和Marc参与
HZZ* 4l末态分析，山
大刘波和冯存峰参与 2l2n

分析，作 Approval 报告。
南京大学李依宸、王超、

陈申见等参与高质量希格
斯衰变WW/ZZ的寻找。
高能所陈明水、成瞳光
参与CMS HZZ高质量共振
态分析。

Higgs @ LHC Run2 - H. Yang (SJTU)



Search for H WW
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ggF H WW

ATLAS-CONF-2016-085
ATLAS-CONF-2016-074
ATLAS-CONF-2016-021
ATLAS-CONF-2016-089

寻找超出标准模型的重希格斯粒子(末态lnln)，检验NWA/LWA两种模型。
科大韩坤霖，胡启鹏，朱莹春参与系统误差研究，W+jet本底估计。
山大赵永柯、宋维民、马连良、张学尧主导HWWenmn分析，负责事例优化，信
号区间和本底控制区间定义，主要本底误差估计等。

 H+
 tb e(mu) + jets

 Split signal regions by Njets
- CR: 4j2b, 4j>=3b, 5j2b, >=6j2b
- SR: 5j3b, 5j>=4b, >=6j3b, >=6j>=4b
- Use HT_had in CR, BDT in SR

山大杨轩、冯存峰参与分析

没有发现BSM超重
希格斯粒子的迹象
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Higgs WW* 
ATLAS-CONF-2016-112



Search for HhhWW
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• 高能所方亚泉、孙小虎、娄辛丑、李奇、周茂森等提出寻找重希格斯衰
变到两个希格斯粒子，并进一步衰变到双光子和两个W玻色子 (W全轻
子或者半轻子衰变)。

• 在Run1分析中，高能所提出和主导该课题，并完成半轻子衰变道分析，
观测到1.8s ，发表文章两篇。Run2继续分析。

• Run2，交大李亮和李兴国与高能所方亚泉等开展hhWWWW分析。

信号

背景

s = 1.8

ATLAS-CONF-2016-071
PLB755 (2016) 509
PRD92, 092004 (2015)
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Search for Higgs BSM Decays


