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Despite SM being extremely successful,  
• Renormalisability 
• Mass of particles 

Mechanism of spontaneous electroweak symmetry breaking  

Higgs physics in ATLAS: Introduction 

Presence of Higgs Boson  

Before the start of LHC 
Direct searches at LEP and Tevatron 
→ mH>114.4 GeV @ 95%CL 
 
Global fit of all available electroweak data 
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Higgs physics in ATLAS: Introduction - Higgs production at LHC 
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Higgs physics in ATLAS: Introduction - Higgs production and decays at LHC 
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mH 125 GeV @ 8TeV 

Prod. 
mechanism 

Cross section 
[pb] 

Percentage 
[%] 

ggF 19.3 87 

VBF 1.6 7 

WH 0.7 3 

ZH 0.4 2 

tt(bb)H 0.3 1 

Some of the decays though, 
suffer from huge backgrounds 
(i.e. bbar) and cannot be 
searched for in the bare ggF 
production mode.  



Higgs physics in ATLAS: Introduction – Higgs search channels  
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Higgs physics in ATLAS: Introduction LHC 
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Higgs physics in ATLAS: Detector Requirements 
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pile-up 
Additional interactions  
per bunch crossing 
apart from the primary  



Higgs physics in ATLAS: The Detector  
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Higgs physics in ATLAS: Detector Performance 

Excellent ATLAS performance in harsh conditions 
95% of recorded events (90% of delivered events) available for analysis 
• 4.57 fb-1 @ √𝑠 = 7 TeV (2011) 
• 20.3 fb-1 @ √𝑠 = 8 TeV (2012) 

Standard candles are used to calibrate the detector 
9x106 Zμ+μ-, 6x106 J/ψμ+μ-   

6.6x106 Ze+e-, 0.3x106 J/ψe+e-, 0.2x106 Zl+l-γ 
used for detector calibration 

 
 Run I corresponds >600 times the luminosity of the plot   
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Higgs physics in ATLAS: Muon Reconstruction                               ATLAS-CONF-2013-088 
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Higgs physics in ATLAS: Electron-Photon Reconstruction                    ATLAS-CONF-2014-032 

           ATLAS-CONF-2012-123   
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Higgs physics in ATLAS: Search for the SM Higgs boson 

Channels studied in the context of SM Higgs Boson search: 
  
 Bosonic Decays:  
H ZZ(*)4l  
H γγ  
H WW(*)  lνlν  
H Zγ 
  
 Fermionic Decays:  
H  ττ  (VBF, boosted) 
VH Vbb, ttHttbb 
H  μμ  
 
 Sensitive mostly to high masses:  
HZZ  llqq  
HZZ  llvv  
HWW lvqq  
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Higgs physics in ATLAS:  Η ZZ(*) 4l    -   Early days             Phys.Lett. B705 (2011) 435-451 

First data were used to: 
•Estimate lepton reco/id efficiencies 
•Define methods to control the reducible 
backgrounds 
•Estimate the efficiency of the selection criteria 
•Investigate high sensitivity regions  

 Four Isolated leptons  
 Narrow resonance on top of small background  
Background Composition: ZZ(*) - Z+jets, ttbar 
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Higgs physics in ATLAS: Η ZZ(*) 4l    -   Mid days              Phys.Lett. B710 (2012) 383-402 
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Higgs physics in ATLAS: The discovery                                              Phys. Lett. B 716 (2012) 1-29 
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Higgs physics in ATLAS: Η ZZ(*) 4l                                                                    arXiv:1408.5191   

Trigger (eff 97-100%): 
Single lepton  24 GeV 
Di-lepton 12-12 (13-13, 18-8) GeV 
e-mu   12-8 GeV 

Selection: 
2 SFOS lepton pairs 
pT> 20,15,10,7(6) GeV 
50 < m12< 106 GeV, 12-50 < m34< 115 GeV 
Isolation - Originate from the primary vertex 
Efficiency:  39-27-20 % 

Categorization: lepton flavour 

Excellent mass resolution 

Data driven background estimation 

Use of BDT: 
• for background rejection 
ME,PT

4l,η4l 

• for categorization 
mjj, Δηjj, pT

j1, pT
j2, ηj1  
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Higgs physics in ATLAS: Η ZZ(*) 4l                                                                    arXiv:1408.5191  

Mass  

 

 

Signal strength at combined mass 
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Signal Strength: 

Observed signal rate / Expected SM rate 



       4(*)  ZZH

Higgs physics in ATLAS: Η ZZ(*) 4l 

9/1/2014 19 



Higgs physics in ATLAS: Η γγ                                                                                      arXiv:1408.7084                                                                                                                    

 Two isolated photons  
 Narrow resonance on top of  
a continuous background  
Background Composition:  
Irreducible γγ continuum(~77%)  
Reducible γ-jet(~20%), jet-jet(~3%)  

Trigger (eff >99%): 
Diphoton 35-25 GeV 
Selection (eff 30-40%): 
Two photons ET/mγγ ≥ 0.35, 0.25  
Isolation , Photon pointing 
Categorization: 
Converted – Unconverted 
η region, ET region  
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Further Categorization  
for production modes 



Higgs physics in ATLAS: Η γγ                                                  arXiv:1406.3827, arXiv:1408.7084                                                                                                                   

Mass  

 

 

Signal strength  
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H

Higgs physics in ATLAS: Η γγ 
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Higgs physics in ATLAS: Η WW lνlν                                                      ATLAS-CONF-2013-030                                                                                                                    

 Two isolated leptons + Missing ET 

 Full reconstruction not possible  
      but excellent rate 
Background Composition:  
WW, ttbar, Drell-Yan, W+jets 

Trigger: As in HZZ4l 

Selection: 2 OS isolated  leptons  pT> 25,15 GeV 
Large missing ET  (>20 GeV)  criteria on Δφll, mll, pTll 

Categorization: Number of jets – lepton flavour – mll 

Discriminant: mT 
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Higgs physics in ATLAS: Η WW lνlν                                                      ATLAS-CONF-2013-030                                                                                                                    

Signal strength  

).(12.0).(19.0)(21.001.1 systexsystthstat 

9/1/2014 24 



 eH  

Higgs physics in ATLAS: Η WW lνlν  
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Higgs physics in ATLAS: Η Z(ll) γ                                                     Phys. Lett. B 732 (2014) 8-27     

Selection:  
Well reconstructed Z candidates (±10 GeV from the 
Z pole) accompanied by a photon (ET > 15 GeV)  

 Two isolated leptons + photon  
 Narrow resonance on top of  
a continuous background  
Background Composition:  
Z+γ, Z+jets  
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Higgs physics in ATLAS: VΗ Vbb                                                             ATLAS-CONF-2013-079     

 2 b-jets + ll or lν or νν    
 Broad peak (σ≈10%) 
Background Composition:  
W+jets, Z+jets, top, diboson 

Trigger: 
Single lepton, di-lepton, missing ET 

Selection: 
leptons (pT>25 GeV)  0, 1 or 2   
and ET

miss requirement accordingly 
Isolation  
Two jets b-tagged, pT> 45,20 GeV 

Categorization: 
According to V decay, # of jets, pT

V 

Analysis results on VZ(Zbb) 

μVZ=0.9±0.2 

Signal strength  

)(4.0)(5.02.0 syststat 
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Higgs physics in ATLAS: ttΗ ttbb                                                             ATLAS-CONF-2014-011     

 4 b-jets + lνlν or lν     
 Broad peak (σ≈10%) 
Background Composition:  
Mainly ttbar 

Trigger: 
Single lepton  
Selection: 
1 or 2 leptons pT>25(15) GeV  
Isolation 
>=2 jets b-tagged, pT> 25 GeV 

Categorization: 
According to  
# of jets, # b-tagged jets 
Some are SR, other CR 

Discriminant 3-layer NN 
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Higgs physics in ATLAS: Η ττ                                                                     ATLAS-CONF-2013-108     

 Two isolated taus, two jets  
 Full reconstruction not possible  
Background Composition:  
Zττ, Zll, W+jets, top, diboson 

Trigger: 
Single lepton, di-lepton, tau-had  
Selection: 
pT

e>15 GeV, pT
μ>10 GeV 

BDT tau, pT
τ>20 GeV (eff 55-60%) 

ET
mis>20 – 40 GeV, pT

jet> 30 GeV 
Categorization (BDT for each): 
 τ decay (ll,lh,hh) 
 jet config (VBF, Boosted)  
Zττ τ-embedded Zμμ 
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Higgs physics in ATLAS: Η ττ                                                                     ATLAS-CONF-2013-108     

Signal strength  
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 H

Higgs physics in ATLAS: Η ττ 
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Higgs physics in ATLAS: Η μμ                                                                                arXiv:1406.7663 

Trigger: 
Single muon 24 GeV 
Di-muon 13-13, 18-8 GeV  

Selection:  
2 isolated muons pT>25 (15) GeV 
Categorization: 
pT

μμ, ημ, VBF 

 Two isolated muons  
 Narrow resonance on top of DY 
Background Composition:  
Mainly DY  

BR(Hμμ)<1.5x10-3 @ 95% CL 
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Higgs physics in ATLAS: Higgs Mass                                                         arXiv:1406.3827 

Several Improvements: 
• analyses 
• muon momentum scale (uncert) 
• electron – photon energy scale  
 (improved calibration and uncert) 
arXiv:1407.5063 

Resolution: γγ: ~1.7 GeV, 4l: 1.6-2.2 GeV  9/1/2014 33 



Higgs physics in ATLAS: Higgs Mass                                                         arXiv:1406.3827 
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Higgs physics in ATLAS: Higgs Signal strength        ATLAS-CONF-2014-00,Phys. Lett. B 726 (2013),88-119  

To be updated soon… 
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3.7σ evidence for fermionic couplings 
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Higgs physics in ATLAS: Higgs Couplings                    ATLAS-CONF-2014-009, Phys. Lett. B 734 (2014),406  

To be updated soon… 
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4.1σ evidence for VBF production 

ATLAS-CONF-2014-043 

ttH (Hbb,Hγγ) 
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Higgs physics in ATLAS: Higgs spin-parity                           Phys. Lett. B 726 (2013) 120-144  
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Channel Discriminants 

HZZ*4l BDT: five production/decay 
angles 

Hγγ |cosθ*| the polar angle 
between γγ at their rest frame 

HWW*lνlν BDT: mll, pT
ll, Δφll, mT  



Higgs physics in ATLAS: Higgs spin-parity                           Phys. Lett. B 726 (2013) 120-144  

Data favors the SM JP=0+  
  0- is excluded at 97.8% CL  
(HZZ(*)4l)  
  1+ and 1- are excluded at 99.7% CL  
(HZZ(*)4l and HWW(*)lνlνl)  
  2+

m  is excluded at >99.9% CL  
(HZZ(*)4l, Hγγ, HWW(*)lνlν)  
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Higgs physics in ATLAS: Higgs Width                                               ATLAS-CONF-2014-042 

 Sizeable negative interference ggHZZ and ggZZ 

 Interference proportional √μoff-shell 

 ZZ4l (cut-based and MVA) and ZZ2l2ν (cut-based) channels used 
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Higgs physics in ATLAS: ZH(H Invisible)                               Phys.Rev.Lett. 112, 201802 (2014) 

 Zll + Missing ET  
Background Composition:  
ZZ, WZ, WW  

Trigger: 
Single lepton, di-lepton  

Selection: 
2 SFOS leptons (pT>20 GeV)  
Isolation, 76< mll <106 GeV  
Δφll, Δφ(ll,ET

miss) 
Discriminant: ET

miss 
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Higgs physics in ATLAS: Search for other Higgs-like bosons                   Phys.Lett. B 717 (2012) 70-88, 
Phys.Lett. B 717 (2012) 29-48 , arXiv:1407.6583, ATLAS-CONF-2013-012, ATLAS-CONF-2013-067  

H4l H4l 

Hllqq Hllνν 
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Higgs physics in ATLAS: Search for other Higgs-like bosons                   Phys.Lett. B 717 (2012) 70-88, 
Phys.Lett. B 717 (2012) 29-48 , arXiv:1407.6583, ATLAS-CONF-2013-012, ATLAS-CONF-2013-067  

Hlνjj Hlνjj 

γγ 
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Higgs physics in ATLAS: MSSM Higgs bosons                   Phys.Rev. D 89, 032002 (2014), ATLAS-CONF-2013-090 
ATLAS-CONF-2013-090, Eur. Phys. J. C, 73 6 (2013) 2465  
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ttb
H+bW-bb

[τ+ντb][qqbbb] H,A,hτ+τ-,μ+μ- 

tb(b)H+
 [qqbbb](b)[τ+ντ] H0

W-H+
h0W+W-

bbbW+W- 
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Higgs physics in ATLAS: Summary 

Summary 

Run-1 
 Discovery of a new Higgs-like boson 
 All studies up to now show consistency with the SM Higgs boson   
 ATLAS Run‐1 Higgs studies (a huge amount of effort) being finalized  
      (concerning both SM and BSM results) 
 

Run-2 
 with   2̴.5 times higher cross sections 
 Will give the opportunity for more precise measurements 
 Study more rare channels 
  … and may offer a new discovery 
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Higgs physics in ATLAS: SM measurements 
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Higgs physics in ATLAS: Electron Reconstruction                           ATLAS-CONF-2014-032 
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Higgs physics in ATLAS: Photon Reconstruction                              ATLAS-CONF-2012-123 
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Higgs physics in ATLAS: Electron-Photon Reconstruction                        arXiv:1407.5063  
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Higgs physics in ATLAS: Electron-Photon Reconstruction                        arXiv:1407.5063  
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Higgs physics in ATLAS: H4l                                        arXiv:1408.5191, ATLAS-CONF-2012-143 

FSR recovery in Zll events 
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Collinear        FSR ε  ̴  75%, p  ̴  85% 

Non-collinear FSR ε  ̴  60%, p  ̴  95% 

 



Higgs physics in ATLAS: Η ZZ(*) 4l                                                                    arXiv:1408.5191  
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Higgs physics in ATLAS: Η ZZ(*) 4l                                                                    arXiv:1408.5191  
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       4(*) eZZH 

Higgs physics in ATLAS: Η ZZ(*) 4l 
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Higgs physics in ATLAS: Η γγ                                                  arXiv:1408.7084, arXiv:1406.3827                                                                                                                   
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Higgs physics in ATLAS: Η WW lνlν                                                       ATLAS-CONF-2013-030                                                                                                                    

Samples of distributions at pre-selection level 
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2D signal strengths 



Samples of mbb distributions for the different categories 
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Higgs physics in ATLAS: VΗ Vbb                                                             ATLAS-CONF-2013-079     



Higgs physics in ATLAS: Η ττ                                                                      ATLAS-CONF-2013-108     

 Two isolated taus  
 Full reconstruction not possible  
Background Composition:  
Zττ, Zll, W+jets, top, diboson 

Samples of kinematic distributions for different categories 
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Higgs physics in ATLAS: Η ττ                                                                     ATLAS-CONF-2013-108     
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Higgs physics in ATLAS: ttΗ ttbb                                                             ATLAS-CONF-2014-011     
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Higgs physics in ATLAS: Higgs Mass                                                      arXiv:1406.3827 
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Higgs physics in ATLAS: Higgs Couplings                                        ATLAS-CONF-2014-009 
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Higgs physics in ATLAS: Higgs Couplings- interpretation                  ATLAS-CONF-2014-010 
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Higgs physics in ATLAS: VH, HWW                                                                   ATLAS-CONF-2013-075 

Selection: 
3 or 4 isolated lepton  
pT> 25 (leading), 15 GeV 
ET

miss> 25 (40) GeV 
b-jet veto 
di-lepton mass cut |mll-mZ|>25 GeV 
ΔRl0l1< 2 
Categorization: 
Z-enriched or depleted 

Signal strength  

 
9.1

0.27.3 



9/1/2014 64 



Higgs physics in ATLAS: tqH, Hγγ                                                                          JHEP06(2014)008 
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Higgs physics in ATLAS: Fiducial-differencial cross-sections Hγγ                                                arXiv: 1407.4222 
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Higgs physics in ATLAS: Fiducial-differencial cross-sections  H4l                                                arXiv: 1408.3226 
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Higgs physics in ATLAS: Search for HH  γγbb,   bbbb                               arXiv:1406.5053, ATLAS-CONF-2014-005                   

γγbb 
bbbb 
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