
Recent Higgs   ZZ→Recent Higgs   ZZ→ (*)(*)  4l Results→  4l Results→

Latest results from the search for the 
Standard Model Higgs Boson with 

the ATLAS experiment at LHC

La Thuile, 24 February - 2 March 2013

Antonio Salvucci 1
on behalf of the ATLAS collaboration

1 Radboud University Nijmegen & Nikhef

5



24 Feb - 2 Mar 2013 La Thuile - A. Salvucci 2

OutlineOutline

Higgs @ LHC

Standard Model (SM) production mechanism and decays
Higgs discovery

Higgs  ZZ→ (*)  4l : The 'Golden Channel'→

Production and Backgrounds

Event Selection

Latest Results

Significance, Mass
Spin/CP

Conclusions



24 Feb - 2 Mar 2013 La Thuile - A. Salvucci 3

15%

5%15-20%

5%

Higgs @ LHCHiggs @ LHC
Production Mechanism

 H  γγ→                   low mass, high background  
                                    and mass resolution

 H  ZZ→ (*)  4l→          full mass range, low BR, high
   purity and mass resolution

 H  WW→ (*)  lν lν→    full mass range

 H  ττ→                  low mass

 VH  V + bb→           associated production VH, V = Z,W

Decay Modes
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4th July 2012, the ATLAS [1] and 
the CMS [2] collaborations 

announced the observation of a new 
particle.

ATLAS channels
(4.8 fb-1 @ 7 TeV and 5.8 fb-1 @ 8 TeV) 

H  γγ→
H  ZZ→ (*)  4l→

H  WW  lν lν→ →

Higgs DiscoveryHiggs Discovery
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Signal purity (S/B) ~ 1

Production inclusive;

H  ZZ→H  ZZ→ (*)(*)  4l: Production→  4l: Production→

     Luminosity: 
4.8 fb-1 @ 7 TeV + 13 fb-1 @ 8 TeV 

(December 2012)

Signal

production mode
gg, VBF, ZH, WH
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Irreducible bkg  →  pp  ZZ (~ 90 % total bkg) →

     Rejection  kinematic cuts e.g. m_12 and m_34 →

     Shape and normalization from MC

Reducible bkg    → pp  Z+jet, ttbar… →

Rejection    isolation of leptons, …→

Z+jet from control region, Zbb shape from MC and 
normalization from data

m_4l distribution at Z peak 
for the combined s = 7 TeV √

and s = 8 TeV data√

Reducible background 
estimation from data

H  ZZ→H  ZZ→ (*)(*)  4l: Backgrounds→  4l: Backgrounds→
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        4μ:    36%
        2μ2e: 22% 
        4e:    20%

Overall acceptance 
Mhiggs 125 GeV

H  ZZ→H  ZZ→ (*)(*)  4l: Event Selection→  4l: Event Selection→

   Selection:

 4 leptons  p→ T 1,2,3,4 = 20, 15, 10, 7-6 (e-μ) GeV

 50 < m_12 < 106 GeV

 m_34 > 17.5 GeV

 track Isolation < 15%

 calorimetric isolation < 20% (e), 30% (μ)

 Impact parameter significance < 6.5 (e), 3.5 (μ)

     details in
   backup slides
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Events in the signal 
region 125 ± 5 GeV

 Observed        → 18
 Expected Bkg   → 8.3 ± 0.3
 Expected Sig    → 9.9 ± 1.3  Observed local 

significance   
4.1 σ  @ m_H = 123.5 GeV

Signal Strength 
 1.3 ± 0.5

Expected local 
significance (123.5 GeV)  

3.1 σ

m_H = 123.5 ± 0.9 GeV

arXiv:1207.7214 [hep-ex], ATLAS-CONF-2012-169

H  ZZ→H  ZZ→ (*)(*)  4l: Latest Results→  4l: Latest Results→
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    Spin/CP could be measured using :

i.   production and decay angles: θ1, θ2, φ, φ1,  θ*

ii.  m_12  and m_34

1)  θ1, θ2  angles between negative final state leptons→

                 and the direction of their respective Z
                 bosons (in the Z rest frame)

2)  φ   angle→  between the decay planes of the 4 final
            state leptons (in the leptons rest frame) 

3)  φ1  angle between the decay plane of the 1st lepton pair and a plane defined by the vector of→

            Z1 (in the 4 lepton rest frame) and the positive direction of the collision axis

4)  θ*  production angle of the Z1 (4 lepton rest frame)→

H  ZZ→H  ZZ→ (*)(*)  4l: Spin/CP→  4l: Spin/CP→
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Spin/CP could be measured using :
i.     5 angles ( production, decay )
ii.    m_12  ,  m_34

Expected distributions for 0+ and 0- hypothesis of φ, cos θ1 and m_34 for the combined √s = 8 TeV  and √s = 7 TeV data

Discriminate 0+ (SM) hypothesis against:
i.   0-, 
ii.  2+m  (graviton-like tensor with minimal couplings) 
iii. 2-      (pseudo-tensor)

Two Multi-Variate discriminants used:
i.  Boosted Decision Tree (BDT);
ii. Matrix-Element-Likelihood-Analysis (JP-MELA).

φ M34 Cos(θ1)

H  ZZ→H  ZZ→ (*)(*)  4l: Spin/CP→  4l: Spin/CP→
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0+ vs 2+ 

Observation fully compatible with Spin 0 (within 0.18 σ)

H  ZZ→H  ZZ→ (*)(*)  4l: Spin Results→  4l: Spin Results→
arXiv:1207.7214 [hep-ex], ATLAS-CONF-2012-169

BDT and JP-MELA 
consistent results

 (Low) Expected Exclusion of spin 2+ at the 80% of CL 

 Observed Exclusion of spin 2+ at the 85% of CL           
details in backup slides 
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Observation fully compatible with Spin 0+ (within 0.5 σ)

arXiv:1207.7214 [hep-ex], ATLAS-CONF-2012-169

H  ZZ→H  ZZ→ (*)(*)  4l: Parity Results→  4l: Parity Results→

 Expected  exclusion of spin 0- at the 96% of CL 

 Observed  exclusion of spin 0-  at the 99% of CL

0+ vs 0- 

BDT and JP-MELA 
consistent results

details in backup slides 
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The first LHC run has ended:

ATLAS has recorded in total ~27 fb-1 of pp data!

We discovered a new particle:

The discovery is confirmed in all most sensitive channels

In the 4 lepton channel, 'observation' at 123.5 GeV with 4.1 σ

ConclusionsConclusions

First measurements of its properties:

The 4l lepton channel it's very important for the spin/CP measurement

First indications that a spin 2 scenario is disfavored (85% exclusion) by 
angular analysis, as well as 0- scenario (99% exclusion)
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BACKUPBACKUP
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It has been  designed to study a large range of phenomena, from Higgs boson to beyond 
standard model searches. 

LHC is providing pp collisions 
since March 2010 at 7 TeV and 

March 2012 at 8 TeV.

The total integrated luminosity 
collected is 

5 fb-1  at 7 TeV 
23 fb-1  at 8 TeV

 Inner Detector (ID)            measures the momentum of charged particle→

 Calorimetric system          measure the energy released by particles →

 Muon Spectrometer (MS)    identifies and measures the momentum of muons →

The ATLAS experimentThe ATLAS experiment
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Disc
overy!

HCP

Next c
onferences

A candidate Z boson event in the dimuon 
decay with 25 reconstructed vertices: 

LHC PerformanceLHC Performance
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H  ZZ→H  ZZ→ (*)(*)  4l:→  4l:→  Production and backgrounds Production and backgrounds
Signal:

Production mode: gg, VBF, VH, WH

Backgrounds:

Irreducible: ZZ( * )

Reducible for m_4l< 2 x m_Z:
Zbb, Z+jets and tt (reducible)
Suppressed with isolation and impact parameter cuts 
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M4l [GeV] < 140 >190

M34 cut [GeV] 12.0 50.0

36% / 22% / 20%    4μ / 2μ2e / 4e
Overall acceptance 

Mhiggs 125 GeV

H  ZZ→H  ZZ→ (*)(*)  4l: Event Selection→  4l: Event Selection→
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ZZ bkg
Z+jets, ttbar bkg
H (125) signal

Data 2012

4μ channel

4e channel

2μ2e channel

2e2μ channel

H  ZZ→H  ZZ→ (*)(*)  4l: M4l, single channel→  4l: M4l, single channel→
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H  ZZ→H  ZZ→ (*)(*)  4l: Local Significance→  4l: Local Significance→
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H  ZZ→H  ZZ→ (*)(*)  4l: Spin/CP Results→  4l: Spin/CP Results→


