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  EPS 
1.20 fb -1 

   LP 
2.30 fb-1 

2.47 fb -1 

2.78 fb -1 

A huge amount of data collected in 2011 :  
 

!  Thanks to the LHC teams for this great job 

!  ATLAS data taking in 2011: 
     - p-p collision at √s=7 TeV 
      - peak luminosity : ~3.65x1033 cm-2 s-1 

      - O(5) fb-1 for analysis  
     - data taking efficiency : ~93.5% 
          

Pile-up challenge :  
 

!  50 ns bunch train for ~all 2011 data 
    in-and out-of-time pile up : 
    <µ>~6    for 2.47 fb-1 of the data collected 
    <µ>~12  for 2.78 fb-1 of the data collected 
 
!  Continuing details performances studies in 
    presence of “high” pile-up  
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Higgs Boson production at the LHC via :  
 

!  Gluon fusion : 
    - gg → H 
    - dominant mechanism 
    - channels : 
      H → WW ,ZZ, γγ 

 

!  Vector Boson fusion : 
   - qq → qqH 
   - smaller but distinct 
   - channels : 
     H → ττ  
 
 
!  Associated Production : 
    - qq → WH,ZH, ttH 
    - the smallest 
    - difficult 
    - channels : 
       H → bb  
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Dominant production processes are gluon fusion and vector boson fusion 
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Typical uncertainties on total cross-sections 

Gluon fusion  

Vector Boson fusion  

Higgs boson production 
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Associated Production  

CERN-2011-002; arXiv:1101.0593 
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Most important channels :  
  

!  H → ZZ(*) :  
    - ZZ → llll    : “golden” mode 
    - ZZ → llνν  : good for high mass 
    - ZZ → llqq  : good at high mass 

!  H → WW(*) : 
    - WW → lνlν  : most sensitive 
    - WW → lνqq : important at high mass  

 
!  H → γγ :	

    - rare channel 
    - best for low mass 
   
!  H → ττ :	

    - good s/b 
    - low mass 
    - rare 
 
!  H → bb : 
    - with associated production 
    - useful but difficult 
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Used for individual channels and SM Higgs combination at ATLAS :  
 

!  Common parameters of interest is a cross-section scale factor : 
     µ=σ/σSM                µ=0 is the background only model 
                             µ=1 correspond to the nominal signal model 
!  Combined probability model is formed by identifying nuisance parameters ν associated  
    to common systematic effects 
 
!  The profile likelihood ratio is used as a test statistics : 

 
    one-sided variants of the test statistic are used for the upper-limits and discovery 
     
!  Nuisance parameters are “profiles” based on the data 

!  The distribution of the test statistic is obtained  in two way : 
    - ensemble tests with with Toy Monte Carlo using a fully frequentist procedure   
    - using asymptotic distribution of likelihood ratio (improved χ2 method) 
 
!  Primary results based on CLs 
    - more relevant to protect against downward fluctuations 
     - additional comparison with Bayesian procedure with a uniform prior on µ=σ/σSM 

 
!  Use RooFit/RooStats 

Kyle Cranmer (NYU)

Center for 
Cosmology and 
Particle Physics

EPS-HEP 2011 - ATLAS Higgs Combination

Statistical Procedure
The full complexity of individual channels’ likelihood functions are packaged using 
RooFit/RooStats workspaces, and a combined probability model is formed by 
identifying nuisance parameters ! associated to common systematic effects

‣ the common parameter of interest is a cross-section scale factor: µ = ! / !SM

The profile likelihood ratio is used as a test statistic:
‣ nuisance parameters are “profiled” based on the data 
‣ one-sided variants of the test statistic are used for upper-limits and discovery

The distribution of the test statistic is obtained in two ways:
‣ Ensemble tests with toy Monte Carlo using a fully frequentist procedure

● randomize auxiliary measurements instead of randomizing nuisance parameters

‣ Using asymptotic distribution of likelihood ratio
● used for primary result

Primary result based CLs, conservatism introduced to protect against downward fluctuations

‣ results based on power-constrained CLs+b (“PCL”) in backup
‣ Additional comparisons with Bayesian procedure with a uniform prior on µ

11

Cowan, Cranmer, Gross, Vitells 
Eur.Phys.J. C71 (2011)

λ(µ) = Ls+b(µ, ˆ̂ν)/Ls+b(µ̂, ν̂)
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Understanding of the Yellow and Green bands :  
 

!  Upper limit on the Standard Model (SM) Higgs Boson production cross section divided by 
the Standard Model expectation as a function of mHiggs 

 

 µ=σ/σSM 

 this is a 95% limit using  
 the CLs method 

 observed limit (data) 

 expected limit (without Higgs) 

Eilam Gross 
https://indico.cern.ch/conferenceOtherViews.py?view=standard&confId=141983 



7 

channels used in the SM Higgs combination at ATLAS :  
 

!  Low mass searches :  mHiggs < 140 GeV 
   W/ZH with H → bb, H → ττ , H → γγ 

!  Intermediate mass searches : 120 GeV <  mHiggs < 180 GeV 
     H → WW(*) → lνlν  

!  Higgs mass searches :  180 GeV <  mHiggs < 600 GeV 
     H → WW → lνqq, H → ZZ(*) → llll, H → ZZ → llνν, H → ZZ → llqq  
   
 Channel	   Mass	  range	  (GeV)	   Integrated	  Luminosity	  (9-‐1)	  

H →	  γγ	  	   110	  –	  150	  	   1.08	  	  

H →	  bb (WH,ZH)	   110	  -‐	  	  150	   1.04	  
H → ττ 	   110	  -‐	  150	   1.06	  

H →	  WW(*) →	  lνlν 	   110	  -‐	  300	   1.70	  

H →	  WW → lνqq 	   240	  -‐	  600	   1.04	  *(	  NOT	  in	  this	  version	  of	  the	  combina=on)	  

H →	  ZZ(*) → llll 	   110	  -‐	  600	   ~2.10	  

H →	  ZZ → llνν 	   200	  -‐	  600	   1.04	  *(2.05	  NEW	  and	  not	  in	  the	  combina=on)	  

H →	  ZZ → llqq 	   200	  -‐	  600	   1.04	  *(2.05	  NEW	  and	  not	  in	  the	  combina=on)	  
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More detailed presentations on the channels during this conference :  
 

!  SM Higgs Boson Searches at Low mass in ATLAS 
    presentation by Michael Duehrssen 
 
 

 
 
!  ATLAS Higgs searches in WW and ZZ channels 
    presentation by Lydia Iconomidou-Fayard 
 
 
 

 
!  SM search in VH, H → bb searches in ATLAS 
     poster by Alberto Palma 
 
!  Search for SM Higgs boson in the two-photon  in ATLAS 
    poster by Olivier Andre Davignon 
 
!  Search for SM Higgs H→WW→lνlν in ATLAS 
    poster by Xiao Meng 
 
!  SM Higgs H→ZZ→4l in ATLAS 
    poster by Jerome Odier 
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combined H→γγ  search observed limit : 2.0-5.8xσSM  

Key points of the analysis :  
 

!  H → ττ → ll (1.06 fb-1) 
    in association with jets 
    cutting and counting	

    bkg : Z/γ*+jets, W+jets 
 

!  H → ττ → lh (1.06 fb-1) 
    mττ shape	

    bkg : Z/γ*+jets, W+jets 
 

!  H → γγ (1.08 fb-1) 
    mγγ shape and unbinned 
    bkg : γγ (from side band) 

collinear approximation 

Appendix A - H → τ+τ− Channels Combination

The H → ττ → !τhad3ν and H → ττ → !+!− + 4ν analyses are done in two different frameworks.

The latter is an independent search for the Standard Model Higgs boson [10] and the former is part

of the search for the Minimal Supersymmetric Standard Model Higgs boson, done in conjunction with

other search channels [9]. The combination of these two search channels is done only in this note and

illustrated in Fig. 3. To support this combination and illustrate its effect, the individual channels limits on

the cross section normalised to the Standard Model Higgs boson cross section, as functions of the Higgs

boson mass and their combination are illustrated in Fig. 8(a). The combination with the ±1σ and ±2σ
variations of the background only expectation is illustrated in Fig. 8(b). As can be seen in Fig. 1(e) in the

H → ττ → !τhad3ν channel a deficit of events is observed mostly in the low mass range. The individual

observed limit is therefore more stringent than the expected exclusion. A slight deficit of events is also

observed in the H → ττ → !+!−+4ν channel as reported in Table 2. As the H → ττ → !τhad3ν channel

is significantly more sensitive than the H → ττ → !+!−+4ν channel, the combination differs only very

slightly from the H → ττ → !τhad3ν channel alone. It can be noted that the H → τ+τ− channels are

only considered above 110 GeV for the overall combination.
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Figure 8: The observed and expected 95% CL upper limit using the CLs method, on the Standard Model

Higgs boson production cross section divided by the Standard Model expectation as a function of mH for

the individual H → ττ → !τhad3ν and H → ττ → !+!−+ 4ν channels and their combination (a). The

H → τ+τ− combined observed and expected 95% CL upper limits using the CLs method (b). The green

and yellow bands reflect the ±1σ and ±2σ variation respectively.

16

observed limit : 8-25xσSM  
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Key points of the analysis :  
 

!  H → bb (1.04 fb-1) 
    Associated production WH/ZH 
    inclusive analysis 
    mbb shape 
    bkg : W+(b)jets, Z+(b)jets, QCD jets  
    

observed limit : 10-20xσSM  

Associated Production : ZH 

Associated Production : WH 
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Key points of the analysis :  
 

!  H → WW(*) → lνlν (1.70 fb-1) 
   cutting and counting 
   0 jet, 1 jet  
   bkg : WW, Top, W+jets, Z+jets 
    

observed exclusion :  
154 < mHiggs< 186 GeV  

hypothesis of a Standard Model Higgs 
boson production signal 

 µ=1	
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Key points of the analysis :  
 

!  H → ZZ(*) → llll (1.96-2.28 fb-1) 
    m4l shape 
    bkg : ZZ (mainly), Zbb, Z+jets, Top 
 

observed exclusion :  
191 < mHiggs< 197 GeV 
199 < mHiggs< 200 GeV 
214 < mHiggs< 224 GeV 

Golden Channel 	
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Key points of the analysis :  
 

!  H → ZZ → llνν (1.04 fb-1) 
    mT shape 
    bkg : ZZ, WZ, WW, Top 
 
 

 
!  H → ZZ → llqq/bb (1.04 fb-1) 
     mlljj/bb shape 
     bkg : Z+jets, Top 

observed exclusion :  
340 < mHiggs< 450 GeV 

observed limit : 2.4-9.0xσSM  

H → ZZ → llqq 

combined results : tagged and untagged  

untagged	
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Summary of the individual channels :  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!  Expected limit :  

!  Observed limit : 

H→ZZ→llνν	

H→ZZ(*)→llll	


H→WW(*)→lνlν	
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Treatment of the systematic uncertainties between the different channels  :  
 

!  Correlated systematic uncertainties (Jet Energy Scale, Luminosity, …) 

 
!  For background estimated with data-driven, systematic uncertainties are uncorrelated 
 
!  Careful treatment of theory uncertainties (ATLAS-CMS LHC combination working group) 

Table 3: Main correlated systematic uncertainties used in the analysis. These relative uncertainties (%)

correspond to the overall effect on the per-event signal efficiency of the ±1σ variation of the source of

systematic uncertainty. Some of them, such as the energy scale in the H → γγ search, are included but

are not apparent in this table as they do not affect event rates.

H → τ+τ−
H → γγ H → bb̄

H →WW (∗) H → ZZ(∗)

τ!τhad τ!τ!+ jet !ν!ν !!!! !!νν !!qq

Luminosity ±3.7 ±3.7 ±3.7 ±3.7 ±3.7 ±3.7 ±3.7 ±3.7

e/γ eff. ±3.5 +2.0
−2.1

+11.6
−10.4 ±2.3 ±2.2 ±3.3 ±1.2 ±1.1

e/γ E. scale +1.3
−0.1

+0.2
−0.5 - +1.5

−1.6 ±0.1 - +0.8
−1.1 -

e/γ res. - ±3.7 - +2.1
−1.5 ±0.1 - - -

µ eff. ±1.0 +2.0
−2.1 - +1.1

−2.0 ±0.6 ±1.2 +0.8
−0.7 ±0.6

µ res. - +0.4
−0.6 - ±5.8 ±1.6 - - -

Jet/τ/MET E. scale +19
−16

+3.3
−10.0 - +21

−17 ±6.1 - +5.9
−4.0

+3.7
−10.4

JER - ±2.0 - ±2.5 +2.2
−1.8 - - +2.1

−0.0

MET - +4.4
−5.3 - +5.5

−6.1 - ±0.6 +6.6
−4.2 -

b-tag eff. - - - +37
−33 ±0.1 - +4.3

−4.4 -

of events is observed. This probability is displayed as a function of the Higgs boson mass hypothesis in

Figs. 5(a) and 5(b). There were three excesses of events reported in Ref. [7]. The first excess, peaking at

a Higgs boson mass hypothesis of 127 GeV, was due to the combined effect of a broad excess of events

in the H → WW (∗) → !+ν!−ν channel and an excess in the H → γγ channel. As reported in Ref. [13]

the latter excess in the updated H → WW (∗) → !+ν!−ν analysis is less significant. This first excess is

as a consequence also less significant. The second was peaking at a Higgs boson mass hypothesis of

245 GeV. It was not very significant (∼ 2σ ) and was due essentially to an accumulation of events in

the H → ZZ(∗) → !+!−!+!− analysis. The significance of this excess has decreased with the additional

data. Finally the third was corresponded to the most extreme value of the p0 which was observed at

144 GeV and resulted from the excess in the H →WW (∗) → !+ν!−ν channel and one event observed in

the H → ZZ(∗) → !+!−!+!− analysis. The significance of this excess was 2.8σ , and the probability of

such an excess in the range studied was estimated to be approximately 10%. The excess is still observed,

but mainly because of the less significant broad excess in the H → WW (∗) → !+ν!−ν analysis, its sig-

nificance has decreased to 2σ , corresponding to a probability of a background fluctuation at the percent

level. This probability is the so-called local probability of a background fluctuation. The approximate

trial factor or Look Elsewhere Effect computation described in Refs. [8,26] does not apply in cases where

the local probability is at the percent level. Given the global probability of approximately 10% for the

most significant excess reported in Ref. [7], the fluctuation observed here is highly likely. The overall

consistency of these excesses with an expected signal is shown in Figs. 5(a) and 5(b) where the expected

p0 in presence of a Standard Model signal is displayed.

The significance with which the Standard Model Higgs boson is excluded is shown in Fig. 6(a)

and 6(b). It can be noted that a signal of the Standard Model strength is excluded at high confidence

for 360 GeV, while an exclusion Confidence Level (CLs) in excess of 99% is observed in the regions

between 160 GeV and 220 GeV and between 300 GeV and 420 GeV. At an exclusion level of 90% the

picture is not very different from the 95% level used herein.

8

	  	  ProducBon	  Mode	   QCD	  Scale	   PDF+αS	   Total	  

ggF	  	   +12/-‐7	  	  %	   ±8	  %	   +20/-‐15	  %	  

VBF	   ±1	  %	   ±4	  %	   ±5	  %	  

WH/ZH	   ±1	  %	   ±4	  %	   ±5	  %	  

FH	   ±4	  %	   ±8	  %	   ±12	  %	  

 change with mHiggs 
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SM Higgs Combination at ATLAS with 2010 and 2011 data : 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

!  Expected limit exclusion :             131 - 450 GeV 

!  Observed limit exclusion :             146 - 230 GeV and 256 - 282 GeV  and 296 - 459 GeV 
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SM Higgs Combination at ATLAS with 2011 data  :  
 

!  Standard Model Higgs Boson excluded at 95% CL : 
     146 < mHiggs < 230 GeV 
     256 < mHiggs < 282 GeV 
     296 < mHiggs < 459 GeV 
 
!  Still some “excess” that leads to  weaker- 
    than-expected limit near  
     mHiggs

 =130-160 GeV 
     (H → WW(*) → lνlν ) 
 
!  Some hole in the exclusion range 
    due to some excess in around 
     mHiggs~ 240 and 292 GeV 
     (H → ZZ(*) → llll ) 
 
!  Interesting region now : 
     mHiggs < 146 GeV 
    more channels 
    but difficult one 
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Local p-value of the SM Higgs combination at ATLAS :  
 

!  The observed local p-value characterize probabilities for the predicted background to 
fluctuate at least as high as the observed excesses  

 
 
!  No combined excess beyond 2.1 σ is observed 

!  No incompatibility with the Standard Model is seen in ATLAS 

  

H→ZZ(*)→llll 

reduced to ~2σ 

hypothesis of a Standard Model  
Higgs boson production signal 

H→ZZ 

 µ=1	
p-values do not include !
the trials factor arising!
from the look-elsewhere !
effect (LEE)	
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Key points of the analysis :  
 

!  H → WW → lνqq (1.04 fb-1) 
     mlνqq shape 
     0 jet, 1 jet 
     bkg : W+jets, Top 
    

observed limit : 2.7-11.0xσSM  
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combined results : tagged and untagged  

observed exclusion :  
310 < mHiggs< 470 GeV 

Key points of the analysis :  
 

!  H → ZZ → llνν (2.05 fb-1) 
     mT shape 
     bkg : ZZ, WZ, WW, Top 
 
 

 
!  H → ZZ → llqq/bb (2.05 fb-1) 
     mlljj/bb shape 
     bkg : Z+jets, Top 
    

N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

 [GeV]Hm
200 250 300 350 400 450 500 550 600

S
M

σ/σ
 9

5
%

 C
L
 li

m
it 

o
n
 

0

2

4

6

8

10

12

14

16

18

20 Observed

Expected

σ 1±

σ 2±

 PreliminaryATLAS

=7TeVs, 
-1

Ldt=2.05fb∫
llqq→ZZ→H

Figure 12: The expected (dashed line) and observed (solid line) upper limits on the total cross section

divided by the expected Standard Model Higgs boson cross section, calculated using CLs at 95%, as

a function of mH. The green and yellow bands indicate the expected sensitivity with ±1σ and ±2σ

fluctuations.
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What we can expect with the full 2011 dataset :  
 

!  Accuracy of the projections : ~10% optimistic 

 
 
 
 
 
 
 
!  Exclusion or evidence at 3σ : almost for the whole mass range 
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Conclusion :  
 
!  Thanks to the excellent LHC operations,  ATLAS has collected more than 5 fb-1 of data 
     (p-p collision at 7 TeV) 
  
!  The LHC dominates the SM Higgs with few fb-1 

!  ATLAS has performed a Higgs Boson search corresponding to and integrated luminosity 
between 1.0 and 2.3 fb-1 using several  channels 

 
!  No significant excess (< 2.1 σ) is found in the mass range 110-600 GeV 

!  Exclusion limits at 95% C.L are set for a SM-like Higgs boson in the mass region : 
    146 < mHiggs < 230 GeV 
    256 < mHiggs < 282 GeV 
    296 < mHiggs < 459 GeV 
    with 1-2.3 fb-1 

 
!   Interesting hints emerge 
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Outlook :  
 

 
!  Wait for the first ATLAS + CMS SM Higgs combination  
    (presentation by Gigi Rolandi) 

!  With O(5 fb-1) of data (full 2011 dataset) , more than 2σ sensitivity in entire mass range with 
ATLAS 

 
!  Limits can be improved  by optimizing the object performances (e, µ, τ, …) , by reducing the 

systematic and optimizing the selections 

!  We congratulate the LHC for terrific performances and look forward to more successful 
running in 2012!  

!  By the end of 2012 with O(10 fb-1) a conclusive answer on the Standard Model Higgs 
should be obtained 

!  Very exiting times ahead … 
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ATLAS Public Documents  : 
 
         https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults 
 
 

!  ATLAS Luminosity and pile-up 
      https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResults 
 
!  LHC Higgs Cross-section working group 
      https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections  
 
!  Handbook of LHC Higgs Cross Sections: 1. Inclusive Observables 
      CERN-2011-002, arXiv:1101.0593 
      http://cdsweb.cern.ch/record/1318996 
 
!  Search for the Standard Model Higgs boson in the decay mode H -> tau+ tau- -> ll + 4 neutrinos in Association with jets 

in Proton-Proton Collisions at √s =7 TeV with the ATLAS detector 
       ATLAS-CONF-2011-133 
      http://cdsweb.cern.ch/record/1383836  
 
!  Search for the Higgs boson in the two photon decay  channel with the ATLAS detector at the LHC 
      arXiv:1108.5895 
      http://arxiv.org/abs/1108.5895 
 
!  Search for the Standard Model Higgs boson produced in association with a vector boson and decaying to a b-quark 

pair with the ATLAS detector at the LHC 
      ATLAS-CONF-2011-103 
      http://cdsweb.cern.ch/record/1369826  
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ATLAS Public Documents  : 

!  Search for the Standard Model Higgs boson in the H->WW->llnunu decay mode using 1.7 fb-1  of data collected with 
the ATLAS detector at √s=7 TeV 

       ATLAS-CONF-2011-134 
       http://cdsweb.cern.ch/record/1383837  

!  Search for the Higgs boson in the H → ZZ → llll decay channel with the ATLAS detector 
      arXiv:1109.3615 
      http://arxiv.org/abs/1109.5945 
 
!  Search for a Standard Model Higgs boson in the H->ZZ->llnunu decay channel with the ATLAS detector 
      arXiv:1109.3357 
      http://arxiv.org/abs/1109.3357  
 
!  Search for a heavy Standard Model Higgs boson in the channel H->ZZ->llqq using the ATLAS detector 
      arXiv:1108.5064 
      http://arxiv.org/abs/1108.5064  
 
!  Update of the Combination of Higgs Boson Searches in 1.0 to 2.3 fb−1 of pp Collisions Data Taken at √s = 7 TeV with 

the ATLAS Experiment at the LHC 
      ATLAS-CONF-2011-135 
      http://cdsweb.cern.ch/record/1383838  
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ATLAS Public Documents  : 
          

!  Combination of the Searches for the Higgs Boson in ~1 fb−1 of Data Taken with the ATLAS Detector at 7 TeV Center-of-
Mass Energy 

       ATLAS-CONF-2011-112 
       http://cdsweb.cern.ch/record/1375549 
        
!  Search for the Higgs boson in the H → WW → l nu jj decay channel in pp collisions at √s = 7 TeV with the ATLAS 

detector 
      arXiv:1109.3615 
      http://arxiv.org/abs/1109.3615  
 
!  Search for a Standard Model Higgs boson in the H -> ZZ -> llnunu decay channel with 2.05 fb-1 of ATLAS data 
      ATLAS-CONF-2011-148 
      http://cdsweb.cern.ch/record/1392668  
 
!  Search for a Standard Model Higgs Boson in the mass range 200-600 GeV in the channel H -> ZZ -> llqq using the 

ATLAS Detector.       
      ATLAS-CONF-2011-150 
      http://cdsweb.cern.ch/record/1397901  
 
!  Further investigations of ATLAS Sensitivity to Higgs Boson Production in different assumed LHC scenarios 
      ATL-PHYS-PUB-2011-001 
      http://cdsweb.cern.ch/record/1323856/ 
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Correlated Uncertainties  

Aug. 29, 2011 LHC Higgs Cross Section Working Group 26

Table 3: List of nuisance parameters for systematic uncertainties assumed to be 100%
correlated between ATLAS and CMS.

PDF+αs uncertainties

nuisance groups of physics processes
pdf gg gg → H, tt̄H, V QQ, tt̄, tW , tb (s-channel), gg → V V

pdf qqbar VBF H, V H, V , V V , γγ
pdf qg tbq (t-channel), γ+jets

QCD scale uncertainties

nuisance groups of physics processes
QCDscale ggH total inclusive gg → H

QCDscale ggH1in inclusive gg/qg → H+ ≥ 1 jets
QCDscale ggH2in inclusive gg/qg → H+ ≥ 2 jets
QCDscale qqH VBF H

QCDscale VH associate V H

QCDscale ttH tt̄H

QCDscale V W and Z
QCDscale VV WW, WZ, and ZZ up to NLO
QCDscale ggVV gg → WW and gg → ZZ

QCDscale ZQQ Z with heavy flavor qq̄-pair
QCDscale WQQ W with heavy flavor qq̄-pair
QCDscale ttbar tt̄, single top productions are lumped here for simplicity

Phenomenological uncertainties

nuisance groups of physics processes
UEPS all processes sensitive to modeling of UE and PS

Acceptance uncertainties

nuisance comments
QCDscale WW EXTRAP extrap. factor α for deriving WW bkgd in HWW analysis
QCDscale ttbar EXTRAP extrap. factor α for deriving tt̄ bkgd in HWW analysis

Instrumental uncertainties

nuisance comments
lumi uncertainties in luminosities

19

ATL-PHYS-PUB-2011-011 
CMS NOTE-2011/005Theoretical Systematics 	


Instrumental Systematics 	
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Higgs Decay Width and Mass Resolution :  
 

!  Prepared for the LHC combination (ATLAS+CMS) 

Higgs Decay Width and Mass Resolution 

Aug. 29, 2011 LHC Higgs Cross Section Working Group 27
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SM Higgs Combination at ATLAS with 2011 data : 
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SM Higgs Combination at ATLAS with 2011 data : 
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SM Higgs Combination at ATLAS with 2011 data : 
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ATLAS SM Higgs Combination with the addition of a 4th generation of fermions :  
 

!  Expected exclusion :             116 - 600 GeV 
!  Observed exclusion :             119 - 593 GeV 
               


