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The 2011 (ATLAS) Data

Delivered: 5.61/fb
Recorded: 5.25/fb
After DQ: 4.70/fb

Z→ 

 

candidate event,
w/ 20 reconstructed vertices. 

Peak lumi @ ATLAS:
~ 3.6 x1033 cm-2 s-1
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DiBoson Production

2011 2012 2014time [year]

[JHEP 1107:018,2011]


x 

B
R

(le
pt

on
ic

W
/Z

 d
ec

ay
) [

fb
] 

Test SM predictions, probe new phenomena/aTGCs,  background to Higgs

http://www.springerlink.com/content/a3043310758535t2/


Marc-André Pleier                                                         Brookhaven National Laboratory4/20

WW → 
ee, e, 

 

channels used (includes W→ 

 

+X → e/

 

+ X):
• pT () > 25/20 GeV (e/e, e/, )
• m

 

> 15/15/10 GeV (ee, 

 

e), Z mass veto for ee, 
• > 50/55/25 GeV (ee, 

 

e)
• No jets with pT > 25 GeV, || < 4.5, no b-jets with pT > 20 GeV, || < 2.5

Major backgrounds: Z/*+jets, Top, W+jets, VV

Emiss
Rel T,

ee channel

ee+e+



Marc-André Pleier                                                         Brookhaven National Laboratory5/20

WW → 
Combined Yields: [ATLAS-CONF-2012-025]

WW = 53.4±2.1(stat)±4.5(syst)±2.1(lumi)pb
SM: WW (NLO) = 45.1±2.8 pb

(cross sections in fid. volume provided as well)

ee+e+ee+e+

https://cdsweb.cern.ch/record/1430734
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ZZ → 

ee+ ee+

Combined Yields: [ATLAS-CONF-2012-027]

ZZ =                                      
SM: ZZ (NLO) =            

(cross section in fid. volume provided as well)
pb5.6 3.0

2.0



(lumi)pb2.0(syst)(stat)5.4 4.1
0.1

1.3
1.2- 




•2 same flavour leptons of pT > 20 GeV
•|m

 

– mZ |< 15 GeV
•Axial- > 80 GeV (projection along       )
•No jets with pT > 25 GeV, || < 4.5
• < 0.6

Emiss
T p Z

T

ppE
Z

T

Z

T

miss
T /

https://cdsweb.cern.ch/record/1430736


Marc-André Pleier                                                         Brookhaven National Laboratory7/20

ZZ → 
Combined Yields: [ATLAS-CONF-2012-026]

ZZ =                                      
SM: ZZ (NLO) =            

(cross section in fid. volume provided as well)

•four leptons with pT > 7 GeV, 
•leading lepton > 25/20 GeV (e/)
•two opposite-sign same-flavour 

 

pairs
•66 GeV < m

 

< 116 GeV each
Very clean signature. Backgrounds: V+X, top, VV

pb5.6 3.0
2.0




(lumi)pb3.0(syst)(stat)7.2 4.0
3.0

1.1
0.9- 




https://cdsweb.cern.ch/record/1430735
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aTGC Extraction: WW → 

• Leading lepton pT sensitive to aTGCs:

• Anomalous parameters: g1Z, z

 

,

 

z

 

, 

 

,

 


• LEP scenario (3 free pars):

•HISZ scenario (2 free pars) = LEP +

•Equal couplings scenario (2 free pars):

• Modelling anomalous couplings: reweight 
MC@NLO to BHO at ME level.

• pT > 120 GeV: max sensitivity
• Low pT excess: negligible impact on aTGC limits
• Measured fiducial xsec in last bin (SM expecation = 12.2 ± 1.0 fb): 

fb (lumi.) 2.0(syst.) 9.2(stat.) 6.5)GeV 120( 4.5
4.4Tfid  

p

[arxiv:1203.6232]

http://arxiv.org/pdf/1203.6232v1.pdf
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SM total production cross section 
measurements @ ATLAS…

xBR
~ 40 fb
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…and @ CMS
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Higgs Production & Decay

• Mostly NNLO Cross-sections  theory uncertainties < 20%
• Progress in theoretical predictions of numerous and complex backgrounds
• Working group for high-mass Higgs (>600 GeV) started

~ 20 x Tevatron
for mH =120 GeV

<130  


125-180  
WW(*) 

125-300  
ZZ(*) 

300-600  
ZZ 

[arxiv:1101.0593] [arxiv:1201.3084]

http://arxiv.org/pdf/1101.0593v3.pdf
http://arxiv.org/pdf/1201.3084v1.pdf
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Channel Sensitivities
[ATLAS-CONF-2012-019]

H→ WW → 

 

has the best sensitivity between 125 GeV and ~200 GeV

https://cdsweb.cern.ch/record/1430033
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H→ WW → 

[ATLAS-CONF-2012-012]

signal contributions considered: ggF, VBF
• pT (1 ,2 ) > 25, 15 GeV, || < 2.5
• m

 

> 12/12/10 GeV (ee, 

 

e), 
• Z mass veto for ee, 
• > 45/45/25 GeV (ee, 

 

e)
• Jets pT > 25 GeV, || < 4.5
Major backgrounds: WW, V+jets, Top, …
=> study 9 channels: (ee, 

 

e) x (0, 1, 2 jets), mH dependent selections (110-200, 200-300, 300-600 GeV)

Emiss
Rel T,

Utilize scalar Higgs decay kinematics:

Spin correlation => a smaller average opening 
angle between the two leptons.

ee+e+

https://cdsweb.cern.ch/record/1429660
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H→ WW → 
[ATLAS-CONF-2012-012]Combined Yields:

Observed Exclusion: 130-260 GeV (expected: 127-234 GeV)

https://cdsweb.cern.ch/record/1429660
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Higgs Search Combination
[ATLAS-CONF-2012-019]

•Covered mass range: 110–600 GeV
•H→

 

and H→ZZ→4

 

unchanged wrt. last combination [arxiv:1202.1408] 
•combined likelihood for mH < 200 GeV derived from 68 disjoint signal/control regions.

https://cdsweb.cern.ch/record/1430033
http://arxiv.org/pdf/1202.1408.pdf
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Individual Channel Limits
[ATLAS-CONF-2012-019]

https://cdsweb.cern.ch/record/1430033


Marc-André Pleier                                                         Brookhaven National Laboratory17/20

Combination Result
• Expected 95% CL exclusion region: 

120 GeV < mH <  555 GeV. 
• Observed 95% CL exclusion region: 

110.0 GeV < mH < 117.5 GeV, 
118.5 GeV < mH < 122.5 GeV, 
129.0 GeV < mH < 539.0 GeV.

[ATLAS-CONF-2012-019]

Largest excess observed at mH = 126 GeV: 
2.5 

 

local significance
(2.9 

 

expected for 126 GeV Higgs)

Probability for such an excess from bg fluctuation 
anywhere in:

full mass range (110-600 GeV): 30%
99% CL unexcluded (110-146 GeV) range: 10%

https://cdsweb.cern.ch/record/1430033
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Excess Anatomy

Excess dominated by high mass-resolution channels:
H→, H→ZZ→4

 

combined: 3.4 

 

local

No significant excess in low-resolution channels:
H→, H→bb, H→ WW → 

but: 126 GeV Higgs not excluded by these!

Reduced excess wrt. last December results
mainly due to updated H→ WW → 

 

result
(2/fb analysis showed broad 1.4 

 

excess,
combined local significance was 3.6 )

https://indico.cern.ch/conferenceDisplay.py?confId=164890
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More Direct Higgs Searches 

dominated by  • CMS [arXiv:1202.1488]:         
Expected exclusion: 118 – 543 GeV
Observed exclusion: 127 – 600 GeV

Excess sign. @ 124 GeV: 3.1 

 

local, 1.5 

 

global

• LEP: mH > 114.4 GeV (95% CL)

dominated by bb
• Tevatron [arxiv:1203.3774]:       

Expected exclusion: 100-119 GeV, 141-184 GeV
Observed exclusion: 100-106 GeV, 147-179 GeV
Excess sign. @ 120 GeV: 2.7 

 

local, 2.2 

 

global

http://arxiv.org/abs/arXiv:1202.1488
http://arxiv.org/abs/1203.3774
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Conclusions

• LHC performs superbly
• SM continues to prove resilient
• Measurement precision catching up with theory
• No Higgs found (yet)

H

2012 LHC data
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