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LHC Restart at 13 TeV (Run2) in 2015 
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•  LHC restart: April 2, 2015 

•  Proton beams circulating at 450 GeV: April 5, 2015 

•  Proton beam energy reaches 6.5 TeV: April 10, 2015 

•  ATLAS accumulated 4 fb-1 data: November 4, 2015 

•  LHC EOYE results: December 15, 2015 
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Inelastic pp Cross Section 

• Using low pileup dataset (m < 0.05) 

• Analysis with new MBTS scintillators (2.1 < |h|<3.9) 

• Result dominated by luminosity uncertainty (~9%) 

• 4.2M events selected in 63 mb-1, estimated 1% background 

 

ATLAS-CONF-2015-038 

NMBTS above threshold  
(Data vs. MCs) 
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Charged-particle Multiplicity 

• Inclusive charged-particle measurements in pp collisions provide insight into the strong 
interaction in the low-energy, non-perturbative region of QCD. 

• Charged-particle multiplicity for events with nch1, pT>500MeV, |h|<2.5 validate pileup 
modeling for early analysis at 13 TeV at Run2. 

• Int. Lumi = 170 mb-1, data sample of about 9M events 

• The results highlight clear difference between MC models and measured distributions. 

arXiv:1602.01633 
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W/Z Cross Section 
ATLAS-CONF-2015-039 



• Ratio of the electron- and muon-
channel measurements of the Z 
and W boson, experimental 
check of the lepton universality 
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W/Z Production 
ATLAS-CONF-2015-039 

• Ratio of W+ to W- production 
fiducial cross sections (red) 
compared to predictions 
based on different PDF sets. 
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Z + Jets Cross Section 

• Inclusive Z event selection 

• Particle-level fiducial cross section 
• Jet PT > 30 GeV, |y|<2.5 

• Main backgrounds from top, diboson 

• Systematics dominated by Lumi, Jets 

ATLAS-CONF-2015-041 



ZZ Cross Section 

 ZZ4l, PT>20 GeV, |h|<2.47(2.4) 

 MZZ  66-116 GeV  

 Observed 63 events, Nbg=0.62     
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Phys. Rev. Lett. 116, 101801 (2016) 

(theory)  =  

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.101801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.101801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.101801


Top pair cross section 
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ATLAS-CONF-2016-005 

Measured cross section agrees well  
with NNLO+NNLL theoretical prediction 

 tt  bbWW  bb emnn (OS-em) 

 1 or 2 b-tag jets using MV2c20 @70%  
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ttW and ttZ Cross Section 
ATLAS-CONF-2016-003 

• SS dilepton channel targets ttW production 

• Trilepton and tetralepton channels are 

sensitive to ttZ production 

ttZ(Tetralepton) 

ttW (SS-dimuon): 
Nobs=9, Nbg=2.9, NttZ=0.65, Nttw = 5.45 
ttW (Trilepton): 
Nobs=10, Nbg=4.7, NttZ=1.4, Nttw = 3.7 

ttZ(Trilepton) 



SM Higgs and BSM Higgs 

•  Higgs cross section 

•  Higgs  di-photon 

•  High mass Higgs  di-photon 

•  Higgs  ZZ*  4l 

•  High mass Higgs  ZZ*  4l, 2l2q, 2l2n 

•  High mass resonance X  WH, ZH 

•  Double Higgs HH  bbgg, bbbb 

•  MSSM H/A tt 
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Higgs Cross Section 

 Total cross sections are 

measured for Hgg, 
HZZ*4l using 7, 8 and 

13 TeV data 

 

 LHC-XS theory 

predictions based on Higgs 

mass of 125.09 GeV, and 

calculation  up to NNLO in 

QCD. 

 

 The measured cross 

sections are compatible 

within quoted uncertainties.  
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ATLAS-CONF-2015-069 
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Higgs  di-photon 

• For mH=125.09 GeV, the expected S/B 
ratio is 4.2% for 90% of signal. 

• The observed (expected) significance 
above no-signal hypothesis is 1.5s (1.9s) 

ATLAS-CONF-2015-060 

Fiducial Cross Section 

Fiducial Selection Cuts 



Search for resonance X  gg 

 A search for new resonance decays to two 

photons with mgg>200 GeV, predicted in 

models with an extended Higgs sector. 

 A local (global, LEE) significance of 3.6s (2s ) 

was observed ~750 GeV.  
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ATLAS-CONF-2015-081 



Search for Resonance X  Zg 

2016.3.30 
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ATLAS-CONF-2016-010 

Search for new resonance X decays into Zg, Zll or jj  

The data agree with MC expected background, the observed (exptected)  limits  
      range between 295 (230) fb for mx=340 GeV and 8.2 (10) fb for mx=2.15TeV 



Higgs  ZZ*  4l  
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ATLAS-CONF-2015-059 
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     Search for Heavy Higgs ZZ 
ATLAS-CONF-2015-059 
ATLAS-CONF-2016-016 
ATLAS-CONF-2016-012 

HZZ*4l HZZ*2l2n HZZ*2l2q 



Search for XWH and ZH 

 Search for a new resonance X via WH / ZH 

 Heavy Vector Triplets (HVT) benchmark  

 Model A, W’ < 1490 GeV is excluded at 95% CL 

 Model B, W’ < 1740 GeV is excluded at 95% CL 
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ATLAS-CONF-2015-074 



Search for BSM HHbbgg 

 BSM: 2HDM, MSSM, twin or composite Higgs models 

predicts the existence of a heavy Higgs    could decay into 

two lighter SM-like higgs. 

  bbgg is promising for the search as it benefits  from large 

hbb BR, clean peak with high hgg mass resolution 

 MadGraph5_MC@NLOv2.2.2 with Pythia8 parton shower 
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ATLAS-CONF-2016-004 

Observed limit ranges between 7pb and 4pb for  
Resonance X with masses in range 275-400 GeV 

mailto:MadGraph5_MC@NLOv2.2.2


Search for BSM HHbbbb 

 Randall-Sundrum (RS) model, spin-2 Kaluza-Klein(KK) excitations of the graviton 

G*KK are produced via ggF,  G*KK→hh→bbbb 

 The sensitivity is best in bbbb channel for resonance mass above 500GeV if 

comparing with bbtt, bbgg, ggWW final states 

 Two analyses: “resolved” analysis is focused for low-mass hh system where 4 b-jet 

can be well separated, “boosted” analysis focuses on high-mass hh system where two 

b-jets cannot be resolved due to high boost. 

 95% CL upper limit for mass [600,3000] GeV: 

2016.3.30 Highlights of ATLAS at Run2 - H. Yang (SJTU) 20 

ATLAS-CONF-2016-017 



Search for MSSM H/Att 

 MSSM is an extension of the SM which provides a framework addressing the 

naturalness problem, gauge coupling unification and existence of dark matter. 

 The MSSM contains two Higgs doublets: two CP-even (h,H), one CP-odd (A) and 

two charged Higgs (H±). 

 Neutral MSSM Higgs in the tt decay mode 

with at least one tau hadronic decays, cross  

section limits for ggF (b-associated) are: 
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ATLAS-CONF-2015-061 



2HDMs: AZhllbb 

2016.3.30 
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ATLAS-CONF-2016-015 

 Search for heavy, CP-odd Higgs boson, A  Zh llbb 

 Z  ee, mm, nn are considered 
 No evidence for production of A boson is observed 



SUSY, Dark Matter, Exotic, Diboson 

•  SUSY:  stop, sbottom, gluino 

•  Dark Matter – mono W/Z 

•  Dark Matter associated with Higgs 

•  W’  ln  

•  Z’  ll 

•  Heavy Gravity  multi-jets 

•  LFV X  em 

•  Diboson resonance: WW, WZ, ZZ 
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Search for stop pair 
 SUSY is a natural solution to the hierarchy problem. If R-parity is conserved, SUSY particles 

are produced in pairs and LSP is stable. The stop is expected to be light due to it’s large 

contribution to the Higgs mass radiative correction. 

 Scenario #1:  Gluino-mediated pair production, assuming 100% BR via stopc+neutralino, 

and mass splitting of 5 GeV.  MGluino  < 1460 GeV is excluded 

Scenario #2: direct pair production of stop  

( top + neutralino), excludes stop mass from  

745 to 780 GeV for a massless neutralino at 95% CL. 
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ATLAS-CONF-2016-007 



Search for stop (2-lepton) 

 In the framework of a generic R-parity conserving MSSM, SUSY 

particles are produced in pairs, the LSP is stable and candidate for DM. 

 Cross sections  > 1.3(2.1) fb for SRDF (SRSF) are excluded at 95% CL 

 Stop mass below 577 GeV are excluded at 95% CL.  
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ATLAS-CONF-2016-009 



Search for sbottom pair 

  Search for bottom squarks pair decaying exclusively as b-quark and LSP 

neutralino. The signature has 2 b-jets and large MET. 

 Bottom squark mass < 800 GeV are excluded 

    for neutralino mass below 360 GeV at 95% CL. 
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ATLAS-CONF-2015-066 



Search for gluino pair 
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ATLAS-CONF-2015-067 



Search for DM with mono-W/Z 

 Search for DM associated with a jet, a photon, a W/Z, a Higgs boson plus 

large MET etc. 

 Models: ZZ EFT and  

    vector-mediated simplified model 

 No significant excess over the SM is observed. 
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ATLAS-CONF-2015-080 



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

No significant excess  is 
found in search for Higgs 
boson with large MET. 

Vector mediator hZ’ Scalar mediator hS 

ATLAS-CONF-2015-059 



Search for W’  ln 

 BSM models predict new spin-1 boson (SSM 

W’), it is heavier version of the SM W boson.  
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ATLAS-CONF-2015-063 



Search for Z’  ll, and tt 

 BSM models predict new spin-1 boson (Z’)  

 Dilepton (ee or mm) is a key search channel 
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ATLAS-CONF-2015-070 
ATLAS-CONF-2016-014 

 GUT inspired  models based on E6 gauge group,  
two neutral bosons (Z’f, Z’) mix with an angle qE6.  

 Sequential SM (Z’SSM) provides a common benchmark 

 Topcolour-assisted technicolor  
Z’  ttbWbW,  1 W leptonic decay 

Z’ in 0.7-2.2 TeV  
excluded at 95% CL 



Search for BSM LFV em Resonance 

 LF is conserved in SM, however, LFV is allowed in some 

extensions of the SM with additional gauge symmetries, eg. SSM 

Z’, RPV SUSY, low-scale gravity model QBH. 

 di-lepton channels: em, currently adding et, mt final states 
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ATLAS-CONF-2015-072 

e- 

m+ 



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*  WW lnqq H WWlnqq 

W’WZlnqq 



Search for Diboson Resonance 
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 Observed W’ > 1.4 TeV  G* >  850 (expected >790)  GeV 

W’  WZ llqq G*  ZZ llqq 

W’ > 1.6 TeV 

G*  ZZ nnqq W’  WZ nnqq H  WZ nnqq 

ATLAS-CONF-2015-071 
ATLAS-CONF-2015-068 



Search for Diboson Resonance 

 Focus on ZZ/WW/WZ decay into four-quark final states  two fat jets 

 Two anti-kt jets with R=1.0, ntrk<30, jet PT>200 GeV, |h|<2.0, mjet>50 GeV 
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ATLAS-CONF-2015-073 

Results exclude HVT W’ 

model in the mass range from 

1.38 to 1.6 TeV at 95% CL 

through its decay to WZ. 
Z’WWqqqq W’WZqqqq 

WW WZ ZZ 



Summary 

ATLAS made tremendous efforts and progresses 

based on the LHC Run2 13 TeV data collected in 

2015, ranging from SMEW, Top, Higgs, and 

extensive searches for BSM Higgs, SUSY, Dark 

Matter, Exotic and Diboson resonances etc. 
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More interesting results from LHC Run2  
are coming, please stay tuned ! 

 
Thank you very much ! 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/ 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/


Search for SUSY Gluino and sbottom 
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arXiv:1602.09058 



Search for Gravity 

 Some models of gravity postulate a fundamental 
gravitational scale comparable to EW scale, allowing 
production of micro Black Hole and String Balls at LHC. 

 BH decay is considered to be a stochastic process, 
different number of particles (jets) has identical 
kinematic distributions. It motivates search in       
inclusive  jet multiplicity slices. 
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JHEP03 (2016) 026 

Search Strategy: three regions of HT   
Control region :       C < HT < V 
Validation region :  V < HT < S (NMC>20) 
Signal region :          HT > S (DNextrap ~ 0.5 ) 
Four steps: 6.5pb-1, 74pb-1, 0.44fb-1, 3.0fb-1 

Planck scale MD 
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String scale MS 

No excess is seen at large HT , cross section > 1.6 fb with 
HT > 5.8 TeV are excluded for models with > 3 jets.  



13 TeV Z plots 
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ATL-PHYS-PUB-2015-021 

Z candidates: two leptons with pt > 25 GeV,  66<M(ll)<116 GeV 

        𝜂𝜇 <2.4, 𝜂𝑒 <2.47 excluding [1.37, 1.52] 

Very early Run II data, reasonable agreement with MC 



 Total and fiducial cross 

section measurement. 
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Higgs Fiducial and Total Cross Section 

ATLAS-CONF-2015-059 

At 13 TeV, an upper limit on Higgs 
production cross section of 69pb is 
derived at 95% CL. 



Search for MSSM H/Att 

 In the MSSM mh
mod+ scenario, the parameters are chosen such that 

radiative corrections give a light CP-even Higgs mass of ~ 126 GeV in 

the decoupling limit. this search excludes tanb > 10 for mA=200 GeV 

at 95% CL. 

2016.3.30 Highlights of ATLAS at Run2 - H. Yang (SJTU) 42 

ATLAS-CONF-2015-061 
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