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Higgs Boson Searches with the ATLAS Detector
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Pile-up challenge: 
• 

• 

• 
Luminosity-weighted distribution of the 
mean number of interactions per 
crossing for 2011.  

Relative fraction of good quality data 
delivery by the various ATLAS 
subsystems: between 90 and 100% 



SM Higgs production at the LHC 

• 

–  At LHC this is x10 higher than at Tevatron! 
• 
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L=1.1 fb-1 

L=1.7  fb-1 

L=1.0 fb-1 

L ~ 2.2 fb-1 

L=1.0 fb-1 

L=1.0 fb-1 

L=1.1 fb-1 

L=1.0 fb-1 



< 1 detectable Higgs 
boson per 1012 
collisions 

multijet  background: 
estimation from data 
and/or found to be negligible 

measurements of “EW“ backgrounds 

Signal-to-Background Ratio 

W+,W- 

Z/γγ* 

top pairs 

ds 



With ~ 4fb-1 we could exclude down to LEP limit 
but hope instead for discovery 



o 
o 
o  γ

γγ + 

γ

α α α α α

α α α α

γ + 

α α

σ

σ
σ

γ     σ ×
 σ ×

γ

π



• 

• 

• 

– 
– 



• 

– 
• 

• 

ϑ ≅ ϑ
δ √ δ ⊕ δϑ ϑ

Δz12 = zγ1 – zγ2; Δz12 ≈ 3 cm; 
 δzγγ ≈ 1.5 cm; 

θ�

Distribution of 
simulated mH = 120 
GeV Higgs events; σ
(m) ~ 1.7 GeV (using 
2010 calibration) 
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The invariant mass, mbb, for ZH llbb, for 
mH=115 GeV; The signal distribution 
enhanced by a factor of 20 for visibility.  

Expected (dashed) and observed (solid line) exclusion 
limits for the VH( bb) channels combined. 
Exclude 10-20 x SM prediction 
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jet mass distribution of subjets with pT>180 GeV 
in events consistent with a WH lνbb boson 
decay with pT>200 GeV. The distribution is 
compared to the uncorrected MC simulation 
prediction for ttbar, W+jets and WW processes.  

The observed peak is consistent with W jj 
decays; proof of principle in real data for future 
Higgs to b-final states analyses 
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•  Collinear approximation 



mττ invariant mass after all cuts ee, μμ and eμ 
channels. The QCD jets,  W+jets and Z/γ  τ+τ− 
contributions are estimated from data. All other 
contributions are estimated using simulated event 
samples. 

Expected and observed 95% C.L. exclusion 
limits for neutral Higgs boson production 
in the SM as a function of mH.  
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Distributions of rel after lepton pT cuts 

ee eμ μμ 
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dilepton azimuthal angle 
after pT

ll  and mll cuts 
Transverse mass after all 
cuts (except mT itself) 
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The invariant mass of the lljj 
system for the b-untagged (left) 
and b-tagged (right) selections, 
for mH = 200 and 400 GeV. The 
Higgs boson signal in the 
untagged plots has been scaled 
up by a factor of 10.     [GeV]lljj m

100 200 300 400 500 600 700 800 900

 E
ve

nt
s 

/ 2
5 

G
eV

0

0.5

1

1.5

2

2.5

3

3.5

4

    [GeV]lljj m

100 200 300 400 500 600 700 800 900

 E
ve

nt
s 

/ 2
5 

G
eV

0

0.5

1

1.5

2

2.5

3

3.5

4

    [GeV]lljj m

100 200 300 400 500 600 700 800 900

 E
ve

nt
s 

/ 2
5 

G
eV

0

0.5

1

1.5

2

2.5

3

3.5

4
-1 L dt=1.04 fbdata 

=400 GeV)
H

Signal (m

Total BG

Z

top

Diboson

ATLAS  Preliminary

    [GeV]lljj m

100 200 300 400 500 600 700 800 900

 E
ve

nt
s 

/ 2
5 

G
eV

0

20

40

60

80

100

120

140

    [GeV]lljj m

100 200 300 400 500 600 700 800 900

 E
ve

nt
s 

/ 2
5 

G
eV

0

20

40

60

80

100

120

140

    [GeV]lljj m

100 200 300 400 500 600 700 800 900

 E
ve

nt
s 

/ 2
5 

G
eV

0

20

40

60

80

100

120

140
-1 L dt=1.04 fbdata 

 10Signal 
=400 GeV)

H
(m

Total BG
Z
top

Diboson

ATLAS  Preliminary

 [GeV]H m

200 250 300 350 400 450 500 550 600

SM
/

 9
5%

 C
.L

. l
im

it 
on

 

0

5

10

15

20

25
Observed
Expected

 1
 2

ATLAS Preliminary

=7TeVs, 
-1

Ldt=1.04fb

llqqZZH • 
• 
• 



μ

• 

• 

• 

– 
• 



• 

 [GeV]Tm

200 300 400 500 600 700

E
ve

nt
s 

/ 5
0 

G
eV

0

5

10

15

20

25

30

35

40

 [GeV]Tm

200 300 400 500 600 700

E
ve

nt
s 

/ 5
0 

G
eV

0

5

10

15

20

25

30

35

40

-1
 L dt=1.04 fbdata 

Total BG
Top
ZZ,WZ,WW
Z,W

=380 GeV)
H

Signal (m

ATLAS  Preliminary
 llH 

Left: Et
missdistribution  

after the mll window cut. 

Right: the dilepton 
transverse mass 
distribution of selected 
candidate events; 
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Invariant mass leading (top) and 
sub-leading (bottom) lepton pair 
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The expected (dashed) and 
observed (solid) cross-
section limits for the 
individual search channels, 
normalized to the Standard 
Model Higgs boson cross 
section, as functions of the 
Higgs boson mass.  

Channels used in 
the Combination: 

1. H  γγ 
2. VH,H bb 
3. H ττ 
4. H WW(*) lνlν 
5. H ZZ(*) llll 
6. H ZZ(*) llνν 
7. H ZZ(*) llqq 



The combined upper limit on the 
Standard Model Higgs boson production 
cross section divided by the Standard 
Model expectation as a function of mH is 
indicated by the solid line. This is a 95% 
CL limit using the CLs method in the 
entire mass range.  

Standard Model Higgs 
boson mass excluded at 
95% C.L.: 
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Effective mass distribution for lτhad. The data are 
compared with the background expectation and an 
added hypothetical signal. “OS-SS” denotes the 
difference between the opposite-sign and same-sign 
event yields. 

Expected and observed exclusion limits based on CLs 
in the mA − tan β plane of the MSSM derived from the 
combination of the analyses for the eμ, lτhad and 
τhadτhad final states. The dark green and yellow bands 
correspond to the ±1σ and ±2σ error bands, 
respectively. 
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Selection: high-pT isolated lepton, large ET
miss, ≥4 jets, ≥1 b-

tag jet, mT consistent with W mass; use an event  kinematic fit 
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A  μμ at low mass with 35 pb-1 
•   Search for low mass scalar A in range [6,9] and [11,12] GeV e.g. inspired by NMSSM 

•   Two muons with pT>4 GeV  (blue line) 
•   Likelihood ratio selection (black markers) 

•  with PDFs derived from data itself 
•  signal : 9 to 11 GeV  (Υs and A agree) 
•  background:  4.5 to 5.5, 11.5 to 14.5 GeV 

•   PDFs for likelihood ratio inputs:  primary vertex χ2/ndf  and calo. isolation of muons  

MSSSSSSSSSSSSSSSSSSSSSSMMMMMMMMMMMMMM 



A  μμ: Exclusion Limit 
•  Limit setting: normalisations floating 
    - signal A: double Gaussian with width and  
      fractions of 2 Gaussian related to Υ 
    - Υ(1/2/3s) double Gaussian: 
      widths and fractions free parameters,  
      masses fixed to PDG values 
   - continuum BG: 4th order Chebyshev  
     polynom with all parameters free 

•  Limit on σ(gg A)x BR(A μμ)  •  Signal efficiency uncertainties  

Source MA=6(11.5)GeV 
Luminosity 3.4 (3.4)% 
PYTHIA vs MC@NLO 67 (20)% 
Muon Efficiency 14 (15)% 
Dimuon Trigger 13 (12)% 
Likelihood Method 3 (3) % 
Total 70(28)% 





• 

• 

• 





• 

– 
– 
– 



• 

• 
• 

–  γ

• 

• 



• 
• 

• 



τ
•  τ

•  τ



• 

• 



• 
• 
• 

– 
– 

• 
• 

– 




