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The role of combinations in HEP
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• Combinations are increasingly important for HEP to perform the 
single most powerful test of a hypothesis, e.g. for a measurement 
or assessing the compatibility of measurements 

• Dedicated analyses for each production and decay mode target 
specific properties 

• Example: Higgs boson mass and couplings 

• Searches are often performed more inclusively, complicating 
statistical combinations 

• Many analyses perform 
combinations already implicitly 

• Example: data driven 
background estimates, 
subsidiary measurements, etc.
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The work of many people



Disclaimer
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• This talk will be focussed on likelihood combinations 
• Other approaches, e.g. BLUE, will be covered in different 

talks 
• Key concepts will be explained with the Higgs coupling 

combination as an example 
• Statistical inference also covered by other speakers

! L. Lista

! E. Gross, F. Matorras, S. Schmitt, S. Biondi, …



Approaches to perform combinations
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Likelihood combinations
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• Given a set of measurements and a hypothesis, a likelihood 
function is defined as the probability of the data under this 
hypothesis, formulated as a probability density function 
• Simplest example: idealised measurement 

  

• Disjoint selections of the data are simultaneously described 
by a product over the respective likelihood functions

α
∏

α

Joint likelihood model Likelihood function for 
individual selections/analyses

Hypothesis

θ θ̃ ± σ → θ̃ θ σ



HEP analysis chain
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Typical HEP measurements
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• Typically analyses consist of one or more disjoint selections 
enriched in signal or background 
like events 

• Categories are hardly ever pure, 
i.e. various processes enter each 
selection 

• The measurement 
can be a single 
number or the data 
can be augmented 
with one or more 
discriminating 
observables
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Constructing a probability model
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• Construct likelihood function for each event selection 
• At LHC, templates typically are derived from histograms with 

each bin effectively being a Poisson counting experiment 

where 

• Can generalise the approach to 
continuous distributions if analytical 
model is available

D α
∏

ν α ν α µ · µ · θ
∑

θ

L ·
{
σ · · ε ·

}

,

Luminosity

Incl. SM cross section

Acceptance (MC)

Efficiency (MC)

Higgs BR

expected countobserved count



Continuous probability density models
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• In rare cases (e.g. measuring mH in Higgs decays to four 
leptons) it is possible to construct an analytical model 

• Requires convolving the predicted detector response with the 
truth lineshape per event (typically a Breit-Wigner for 
resonances) 

• Response varies e.g. for different lepton flavours 
• Can be extended to include per-event uncertainties

7

Chapter 7 Higgs boson mass measurement using event-by-event uncertainties
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Figure 7.5: Result of the fit on the simulated m4` distribution obtained with the two dimensional
signal PDF with per-event uncertainties for all the four final states. The H ! ZZ⇤ !
4` events are generated assuming the gluon-fusion production mode at

p
s = 8 TeV

and mH = 125 GeV. The width of the “core” component of the PDF (magenta curve)
is proportional to the measured uncertainty for each value of m4`. The distributions
are normalized to the Standard Model expectation. The bottom panel in the four
graphs represent the ratio between the model and the simulated data in each bin. To
quantify the goodness of the fit the value of the �2 divided by the number of degrees
of freedom of the PDF is also shown.
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7.2 Background modeling
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Figure 7.11: Results of the fit to H ! ZZ⇤ ! 4` simulated data from gluon-fusion process, gener-
ated at different values of the Higgs boson mass. The left plot shows the difference
between the best fit estimates for mH and the injected values as a function of the
injected Higgs boson mass. The yellow band represents the statistical uncertainty
on the quantity mfit

H -mtrue
H . The right plot shows the best fit three signal model

superimposed to the m4` distributions relative to several mH hypothesis.

The only additional ingredient we need for a proper signal plus background model
is a probability density function for the four-lepton invariant mass uncertainty of the
background. This PDF must be introduced to properly take into account the differences
in the merr

4` distribution between signal and background. As in the signal case we obtain
the PDF by smoothing the Monte Carlo templates as shown in Figure 7.13 for the qq !
ZZ⇤ ! 4` process. We assume the background merr

4` distribution to be independent from
m4` and OBDTZZ⇤ in the range of the mass fit, between 110 and 140 GeV. This guess can
be confirmed looking at the simulated distributions of merr

4` obtained dividing the data
into equally populated m4` and OBDTZZ⇤ bins. The result of this exercise is shown in
Figure 7.12. From the plot we see that the shape of the merr

4` distribution is very similar
in all the bins and the differences in the average value are smaller than 50 MeV.

Therefore the expression of the background model can be written as:

Pbkg =

NyearsX

y

NbkgX

b

P(y,b)(m4`,OBDTZZ⇤ )P
(y,b)(merr

4` ), (7.16)

where the sums run over all the background processes for the two different values of
the center of mass energy corresponding to the 2011 and the 2012 dataset.
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[A. Castelli: Measuring the Higgs boson mass using event-by-event uncertainties]



Incorporating systematic uncertainties
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• Counts and distributions are subject to many uncertainties 

• Capture the effect of each by introducing nuisance parameters 

• Often only the maximum likelihood estimate from subsidiary 
measurements known 

• Information not sufficient to construct full likelihood model 

• Empirically 
parametrise effect 
of each nuisance 
from available 
simulation for 
discrete model 
parameters
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Hard scatter Soft physics Detector simulation
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The likelihood for an analysis with different selections
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D G α
∏

[
ν α

∏
α

]
×

∏

∈S
θ̃ θ σ

Global observables, 
i.e. MLE of nuisances 
from subsidiary 
measurements

“Combination” 
“of selections

“Combination” of physics and 
“subsidiary measurements

Subsidiary measurement, 
typically assume Gauss or 
Poisson distribution

Empirically derive dependence on 
nuisances from morphing between 
“nominal”, “up” and “down” variations, 
i.e. simulation for discrete model parameters

Assumption: likelihood of 
subsidiary measurement and effect 
on physics measurement factorise

Augment data from count 
using observable

Data

expected 
counts



In practice: formulating the PDF using RooFit
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• Model building based on the RooFit package 

• Key concept: represent mathematical model by C++ objects from 
which the likelihood function is build 

• Support for normalisation relies on numeric techniques when 
analytical integrals not available 

• Support for conditional probability models, convolutions, etc. 

• Commonly adopted by the LHC experiments
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RooRealVar sf_incl_2e2mu_0.007183_BDTBin1_2012qq_WH
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RooProduct nATLAS_Signal_qq_WH_2e2muCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_qq_WH_2e2muCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2e2mu_BDTBin3_2012qq_WH
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RooParamKeysPdf keysPdf_incl_2e2mu_124_BDTBin2_signal_incl_2e2mu_BDTBin2_rrs_2012qq_ZH
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RooRealVar sf_incl_2e2mu_0.000631_BDTBin1_2012ttH

RooProduct nATLAS_Signal_ttH_2e2muCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_ttH_2e2muCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2e2mu_BDTBin2_2012ttH

RooRealVar sf_incl_2e2mu_0.000240_BDTBin2_2012ttH

RooRealVar sf_incl_2e2mu_0.002071_BDTBin2_2012ttH

RooRealVar sf_incl_2e2mu_0.002430_BDTBin2_2012ttH

RooRealVar sf_incl_2e2mu_0.002347_BDTBin2_2012ttH

RooRealVar sf_incl_2e2mu_0.002680_BDTBin2_2012ttH

RooRealVar sf_incl_2e2mu_0.002551_BDTBin2_2012ttH

RooRealVar sf_incl_2e2mu_0.002494_BDTBin2_2012ttH

RooRealVar sf_incl_2e2mu_0.003099_BDTBin2_2012ttH

RooRealVar sf_incl_2e2mu_0.001843_BDTBin2_2012ttH

RooProduct nATLAS_Signal_ttH_2e2muCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_ttH_2e2muCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2e2mu_BDTBin3_2012ttH

RooRealVar sf_incl_2e2mu_0.000809_BDTBin3_2012ttH

RooRealVar sf_incl_2e2mu_0.006744_BDTBin3_2012ttH

RooRealVar sf_incl_2e2mu_0.010179_BDTBin3_2012ttH

RooRealVar sf_incl_2e2mu_0.011352_BDTBin3_2012ttH

RooRealVar sf_incl_2e2mu_0.013162_BDTBin3_2012ttH

RooRealVar sf_incl_2e2mu_0.014311_BDTBin3_2012ttH

RooRealVar sf_incl_2e2mu_0.015926_BDTBin3_2012ttH

RooRealVar sf_incl_2e2mu_0.021394_BDTBin3_2012ttH

RooRealVar sf_incl_2e2mu_0.022885_BDTBin3_2012ttH

RooRealSumPdf ATLAS_Signal_bbH_2e2muCat_2012_bdtpdf

RooAddPdf ATLAS_Signal_bbH_2e2muCat_2012_sumpdf

RooStats::HistFactory::RooBSpline ATLAS_Signal_bbH_2e2muCat_2012_bdtpdfspline

RooHistPdf ATLAS_Signal_bbH_124_2e2muCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_bbH_125_2e2muCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_bbH_126_2e2muCat_2012_bdtpdf

RooStats::HistFactory::RooBSplineBases ATLAS_Signal_bbH_2e2muCat_2012_splinebase

RooRealSumPdf ATLAS_Signal_bbH_2e2muCat_BDTBin0_2012_m4l

RooRealSumPdf ATLAS_Signal_bbH_2e2muCat_BDTBin1_2012_m4l

RooRealSumPdf ATLAS_Signal_bbH_2e2muCat_BDTBin2_2012_m4l

RooRealSumPdf ATLAS_Signal_bbH_2e2muCat_BDTBin3_2012_m4l

RooStats::HistFactory::RooBSpline shapes_bs_incl_2e2mu_BDTBin0_signal_incl_2e2mu_BDTBin0_rrs_2012bbH

RooStats::HistFactory::RooBSplineBases bases_2012bbH

RooParamKeysPdf keysPdf_incl_2e2mu_124_BDTBin0_signal_incl_2e2mu_BDTBin0_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2e2mu_125_BDTBin0_signal_incl_2e2mu_BDTBin0_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2e2mu_126_BDTBin0_signal_incl_2e2mu_BDTBin0_rrs_2012bbH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2e2mu_BDTBin1_signal_incl_2e2mu_BDTBin1_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2e2mu_124_BDTBin1_signal_incl_2e2mu_BDTBin1_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2e2mu_125_BDTBin1_signal_incl_2e2mu_BDTBin1_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2e2mu_126_BDTBin1_signal_incl_2e2mu_BDTBin1_rrs_2012bbH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2e2mu_BDTBin2_signal_incl_2e2mu_BDTBin2_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2e2mu_124_BDTBin2_signal_incl_2e2mu_BDTBin2_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2e2mu_125_BDTBin2_signal_incl_2e2mu_BDTBin2_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2e2mu_126_BDTBin2_signal_incl_2e2mu_BDTBin2_rrs_2012bbH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2e2mu_BDTBin3_signal_incl_2e2mu_BDTBin3_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2e2mu_124_BDTBin3_signal_incl_2e2mu_BDTBin3_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2e2mu_125_BDTBin3_signal_incl_2e2mu_BDTBin3_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2e2mu_126_BDTBin3_signal_incl_2e2mu_BDTBin3_rrs_2012bbH

RooAddition nATLAS_Signal_bbH_2e2muCat_2012

RooProduct prod_ATLAS_Signal_bbH_2e2muCat_BDTBin0_2012

RooProduct prod_ATLAS_Signal_bbH_2e2muCat_BDTBin1_2012

RooProduct prod_ATLAS_Signal_bbH_2e2muCat_BDTBin2_2012

RooProduct prod_ATLAS_Signal_bbH_2e2muCat_BDTBin3_2012

RooProduct nATLAS_Signal_bbH_2e2muCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_bbH_2e2muCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2e2mu_BDTBin0_2012bbH

RooRealVar sf_incl_2e2mu_0.000995_BDTBin0_2012bbH

RooRealVar sf_incl_2e2mu_0.001964_BDTBin0_2012bbH

RooRealVar sf_incl_2e2mu_0.002779_BDTBin0_2012bbH

RooRealVar sf_incl_2e2mu_0.003065_BDTBin0_2012bbH

RooRealVar sf_incl_2e2mu_0.002971_BDTBin0_2012bbH

RooRealVar sf_incl_2e2mu_0.002512_BDTBin0_2012bbH

RooRealVar sf_incl_2e2mu_0.002531_BDTBin0_2012bbH

RooRealVar sf_incl_2e2mu_0.001856_BDTBin0_2012bbH

RooRealVar sf_incl_2e2mu_0.002128_BDTBin0_2012bbH

RooStats::HistFactory::RooBSplineBases bases_norm_2012bbH

RooStats::HistFactory::RooBSplineBases basesFIV_2012bbH

RooProduct nATLAS_Signal_bbH_2e2muCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_bbH_2e2muCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2e2mu_BDTBin1_2012bbH

RooRealVar sf_incl_2e2mu_0.001325_BDTBin1_2012bbH

RooRealVar sf_incl_2e2mu_0.006810_BDTBin1_2012bbH

RooRealVar sf_incl_2e2mu_0.006535_BDTBin1_2012bbH

RooRealVar sf_incl_2e2mu_0.006462_BDTBin1_2012bbH

RooRealVar sf_incl_2e2mu_0.006212_BDTBin1_2012bbH

RooRealVar sf_incl_2e2mu_0.007295_BDTBin1_2012bbH

RooRealVar sf_incl_2e2mu_0.006412_BDTBin1_2012bbH

RooRealVar sf_incl_2e2mu_0.004750_BDTBin1_2012bbH

RooRealVar sf_incl_2e2mu_0.005319_BDTBin1_2012bbH

RooProduct nATLAS_Signal_bbH_2e2muCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_bbH_2e2muCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2e2mu_BDTBin2_2012bbH

RooRealVar sf_incl_2e2mu_0.001080_BDTBin2_2012bbH

RooRealVar sf_incl_2e2mu_0.009317_BDTBin2_2012bbH

RooRealVar sf_incl_2e2mu_0.010933_BDTBin2_2012bbH

RooRealVar sf_incl_2e2mu_0.010559_BDTBin2_2012bbH

RooRealVar sf_incl_2e2mu_0.012054_BDTBin2_2012bbH

RooRealVar sf_incl_2e2mu_0.011478_BDTBin2_2012bbH

RooRealVar sf_incl_2e2mu_0.011217_BDTBin2_2012bbH

RooRealVar sf_incl_2e2mu_0.013940_BDTBin2_2012bbH

RooRealVar sf_incl_2e2mu_0.008290_BDTBin2_2012bbH

RooProduct nATLAS_Signal_bbH_2e2muCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_bbH_2e2muCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2e2mu_BDTBin3_2012bbH

RooRealVar sf_incl_2e2mu_0.000951_BDTBin3_2012bbH

RooRealVar sf_incl_2e2mu_0.007927_BDTBin3_2012bbH

RooRealVar sf_incl_2e2mu_0.011965_BDTBin3_2012bbH

RooRealVar sf_incl_2e2mu_0.013343_BDTBin3_2012bbH

RooRealVar sf_incl_2e2mu_0.015471_BDTBin3_2012bbH

RooRealVar sf_incl_2e2mu_0.016822_BDTBin3_2012bbH

RooRealVar sf_incl_2e2mu_0.018720_BDTBin3_2012bbH

RooRealVar sf_incl_2e2mu_0.025147_BDTBin3_2012bbH

RooRealVar sf_incl_2e2mu_0.026899_BDTBin3_2012bbH

RooHistPdf ATLAS_Bkg_reducible_llee_nominal

RooGaussian ATLAS_norm_SF_H4l_Z_llee_2012_Pdf

RooAddPdf modelunc_ATLAS_H_2mu2eCat_2012

RooRealVar ATLAS_norm_SF_H4l_Z_llee_2012

RooRealVar ATLAS_norm_SF_H4l_Z_llee_2012_In

RooStarMomentMorph ATLAS_Bkg_qqZZ_2mu2eCat_2012

RooProduct nTotATLAS_Bkg_qqZZ_2mu2eCat_2012

RooStarMomentMorph ATLAS_Bkg_ggZZ_2mu2eCat_2012

RooProduct nTotATLAS_Bkg_ggZZ_2mu2eCat_2012

RooStarMomentMorph ATLAS_Bkg_reducible_llee_2012

RooProduct nTotATLAS_Bkg_Z_2mu2eCat_2012

RooProdPdf ATLAS_Signal_gg_H_2mu2eCat_2012

RooProduct nTotATLAS_Signal_gg_H_2mu2eCat_2012

RooProdPdf ATLAS_Signal_VBF_H_2mu2eCat_2012

RooProduct nTotATLAS_Signal_VBF_H_2mu2eCat_2012

RooProdPdf ATLAS_Signal_qq_WH_2mu2eCat_2012

RooProduct nTotATLAS_Signal_qq_WH_2mu2eCat_2012

RooProdPdf ATLAS_Signal_qq_ZH_2mu2eCat_2012

RooProduct nTotATLAS_Signal_qq_ZH_2mu2eCat_2012

RooProdPdf ATLAS_Signal_ttH_2mu2eCat_2012

RooProduct nTotATLAS_Signal_ttH_2mu2eCat_2012

RooProdPdf ATLAS_Signal_bbH_2mu2eCat_2012

RooProduct nTotATLAS_Signal_bbH_2mu2eCat_2012

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_PDFscaleLow

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_PDFscaleHigh

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_QCDscaleLow

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_QCDscaleHigh

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_eCutsLow

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_eCutsHigh

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_eEff_IDST_highLow

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_eEff_IDST_highHigh

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_eEff_REC_lowLow

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_eEff_REC_lowHigh

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_eEff_ID_lowLow

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_eEff_ID_lowHigh

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_muEffLow

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_muEffHigh

RooHistPdf ATLAS_Bkg_qqZZ_2mu2eCat_2012_nominal

RooProduct nATLAS_Bkg_qqZZ_2mu2eCat_2012

RooRealVar ATLAS_Bkg_qqZZ_2mu2eCat_2012_norm_nominal

RooStats::HistFactory::FlexibleInterpVar ATLAS_Bkg_qqZZ_2mu2eCat_2012_fiv

RooHistPdf ATLAS_Bkg_ggZZ_2mu2eCat_2012_PDFscaleLow

RooHistPdf ATLAS_Bkg_ggZZ_2mu2eCat_2012_PDFscaleHigh

RooHistPdf ATLAS_Bkg_ggZZ_2mu2eCat_2012_eCutsLow

RooHistPdf ATLAS_Bkg_ggZZ_2mu2eCat_2012_eCutsHigh

RooHistPdf ATLAS_Bkg_ggZZ_2mu2eCat_2012_eEff_IDST_highLow

RooHistPdf ATLAS_Bkg_ggZZ_2mu2eCat_2012_eEff_IDST_highHigh

RooHistPdf ATLAS_Bkg_ggZZ_2mu2eCat_2012_eEff_REC_lowLow

RooHistPdf ATLAS_Bkg_ggZZ_2mu2eCat_2012_eEff_REC_lowHigh

RooHistPdf ATLAS_Bkg_ggZZ_2mu2eCat_2012_eEff_ID_lowLow

RooHistPdf ATLAS_Bkg_ggZZ_2mu2eCat_2012_eEff_ID_lowHigh

RooHistPdf ATLAS_Bkg_ggZZ_2mu2eCat_2012_muEffLow

RooHistPdf ATLAS_Bkg_ggZZ_2mu2eCat_2012_muEffHigh

RooHistPdf ATLAS_Bkg_ggZZ_2mu2eCat_2012_nominal

RooProduct nATLAS_Bkg_ggZZ_2mu2eCat_2012

RooRealVar ATLAS_Bkg_ggZZ_2mu2eCat_2012_norm_nominal

RooStats::HistFactory::FlexibleInterpVar ATLAS_Bkg_ggZZ_2mu2eCat_2012_fiv

RooProduct nATLAS_Bkg_reducible_Z_2mu2eCat_2012

RooRealVar ATLAS_Bkg_reducible_Z_2mu2eCat_2012_norm_nominal

RooStats::HistFactory::FlexibleInterpVar ATLAS_Bkg_reducible_Z_2mu2eCat_2012_fiv

RooRealSumPdf ATLAS_Signal_gg_H_2mu2eCat_2012_bdtpdf

RooAddPdf ATLAS_Signal_gg_H_2mu2eCat_2012_sumpdf

RooStats::HistFactory::RooBSpline ATLAS_Signal_gg_H_2mu2eCat_2012_bdtpdfspline

RooHistPdf ATLAS_Signal_gg_H_124_2mu2eCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_gg_H_125_2mu2eCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_gg_H_126_2mu2eCat_2012_bdtpdf

RooStats::HistFactory::RooBSplineBases ATLAS_Signal_gg_H_2mu2eCat_2012_splinebase

RooRealSumPdf ATLAS_Signal_gg_H_2mu2eCat_BDTBin0_2012_m4l

RooRealSumPdf ATLAS_Signal_gg_H_2mu2eCat_BDTBin1_2012_m4l

RooRealSumPdf ATLAS_Signal_gg_H_2mu2eCat_BDTBin2_2012_m4l

RooRealSumPdf ATLAS_Signal_gg_H_2mu2eCat_BDTBin3_2012_m4l

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012gg_H

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012gg_H

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012gg_H

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012gg_H

RooStats::HistFactory::FlexibleInterpVar ess_m4l_incl_2mu2e_BDTBin0_2012gg_H

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012gg_H

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012gg_H

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012gg_H

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012gg_H

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012gg_H

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012gg_H

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012gg_H

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012gg_H

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012gg_H

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012gg_H

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012gg_H

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012gg_H

RooAddition nATLAS_Signal_gg_H_2mu2eCat_2012

RooProduct prod_ATLAS_Signal_gg_H_2mu2eCat_BDTBin0_2012

RooProduct prod_ATLAS_Signal_gg_H_2mu2eCat_BDTBin1_2012

RooProduct prod_ATLAS_Signal_gg_H_2mu2eCat_BDTBin2_2012

RooProduct prod_ATLAS_Signal_gg_H_2mu2eCat_BDTBin3_2012

RooProduct nATLAS_Signal_gg_H_2mu2eCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_gg_H_2mu2eCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.104592_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.178025_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.184037_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.186789_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.200707_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.197571_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.204313_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.199754_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.198172_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.205736_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.203144_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.213792_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.212426_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.200731_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.216924_BDTBin0_2012gg_H

RooRealVar sf_incl_2mu2e_0.249171_BDTBin0_2012gg_H

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1200_2012_2012gg_H

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1230_2012_2012gg_H

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1240_2012_2012gg_H

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1250_2012_2012gg_H

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1260_2012_2012gg_H

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1270_2012_2012gg_H

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1300_2012_2012gg_H

RooProduct nATLAS_Signal_gg_H_2mu2eCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_gg_H_2mu2eCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.121963_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.282330_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.317915_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.343740_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.375297_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.383882_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.404813_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.422754_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.436880_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.443429_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.462658_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.479542_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.489978_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.516887_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.535918_BDTBin1_2012gg_H

RooRealVar sf_incl_2mu2e_0.675042_BDTBin1_2012gg_H

RooProduct nATLAS_Signal_gg_H_2mu2eCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_gg_H_2mu2eCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_0.155536_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_0.399866_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_0.492722_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_0.566906_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_0.656759_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_0.689635_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_0.736790_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_0.784236_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_0.821731_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_0.869063_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_0.938682_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_1.010342_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_1.092155_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_1.213427_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_1.286418_BDTBin2_2012gg_H

RooRealVar sf_incl_2mu2e_1.648212_BDTBin2_2012gg_H

RooProduct nATLAS_Signal_gg_H_2mu2eCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_gg_H_2mu2eCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_0.214561_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_0.517888_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_0.604823_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_0.731511_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_0.835159_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_0.904010_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_0.988919_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_1.083868_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_1.179417_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_1.261253_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_1.354879_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_1.562282_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_1.807618_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_2.026110_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_2.309346_BDTBin3_2012gg_H

RooRealVar sf_incl_2mu2e_3.676906_BDTBin3_2012gg_H

RooRealSumPdf ATLAS_Signal_VBF_H_2mu2eCat_2012_bdtpdf

RooAddPdf ATLAS_Signal_VBF_H_2mu2eCat_2012_sumpdf

RooStats::HistFactory::RooBSpline ATLAS_Signal_VBF_H_2mu2eCat_2012_bdtpdfspline

RooHistPdf ATLAS_Signal_VBF_H_124_2mu2eCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_VBF_H_125_2mu2eCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_VBF_H_126_2mu2eCat_2012_bdtpdf

RooStats::HistFactory::RooBSplineBases ATLAS_Signal_VBF_H_2mu2eCat_2012_splinebase

RooRealSumPdf ATLAS_Signal_VBF_H_2mu2eCat_BDTBin0_2012_m4l

RooRealSumPdf ATLAS_Signal_VBF_H_2mu2eCat_BDTBin1_2012_m4l

RooRealSumPdf ATLAS_Signal_VBF_H_2mu2eCat_BDTBin2_2012_m4l

RooRealSumPdf ATLAS_Signal_VBF_H_2mu2eCat_BDTBin3_2012_m4l

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012VBF_H

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012VBF_H

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012VBF_H

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012VBF_H

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012VBF_H

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012VBF_H

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012VBF_H

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012VBF_H

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012VBF_H

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012VBF_H

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012VBF_H

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012VBF_H

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012VBF_H

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012VBF_H

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012VBF_H

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012VBF_H

RooAddition nATLAS_Signal_VBF_H_2mu2eCat_2012

RooProduct prod_ATLAS_Signal_VBF_H_2mu2eCat_BDTBin0_2012

RooProduct prod_ATLAS_Signal_VBF_H_2mu2eCat_BDTBin1_2012

RooProduct prod_ATLAS_Signal_VBF_H_2mu2eCat_BDTBin2_2012

RooProduct prod_ATLAS_Signal_VBF_H_2mu2eCat_BDTBin3_2012

RooProduct nATLAS_Signal_VBF_H_2mu2eCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_VBF_H_2mu2eCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.002776_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.003432_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.003938_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.004184_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.003604_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.004304_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.004002_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.003462_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.004231_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.003957_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.004589_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.004475_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.004064_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.004269_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.003996_BDTBin0_2012VBF_H

RooRealVar sf_incl_2mu2e_0.006667_BDTBin0_2012VBF_H

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1200_2012_2012VBF_H

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1230_2012_2012VBF_H

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1240_2012_2012VBF_H

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1250_2012_2012VBF_H

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1260_2012_2012VBF_HRooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1270_2012_2012VBF_H

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1300_2012_2012VBF_H

RooProduct nATLAS_Signal_VBF_H_2mu2eCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_VBF_H_2mu2eCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.008137_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.014261_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.014505_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.015506_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.014819_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.016095_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.015554_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.015496_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.017323_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.017882_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.016578_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.019089_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.017717_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.018413_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.018363_BDTBin1_2012VBF_H

RooRealVar sf_incl_2mu2e_0.020703_BDTBin1_2012VBF_H

RooProduct nATLAS_Signal_VBF_H_2mu2eCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_VBF_H_2mu2eCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.013836_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.033632_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.036326_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.041181_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.044279_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.047791_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.049813_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.049373_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.052258_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.056606_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.056672_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.059072_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.063803_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.065608_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.070270_BDTBin2_2012VBF_H

RooRealVar sf_incl_2mu2e_0.074392_BDTBin2_2012VBF_H

RooProduct nATLAS_Signal_VBF_H_2mu2eCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_VBF_H_2mu2eCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.030777_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.077289_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.091973_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.108754_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.125512_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.136711_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.147957_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.161134_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.172306_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.183334_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.196747_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.225728_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.258888_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.284613_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.321240_BDTBin3_2012VBF_H

RooRealVar sf_incl_2mu2e_0.506422_BDTBin3_2012VBF_H

RooRealSumPdf ATLAS_Signal_qq_WH_2mu2eCat_2012_bdtpdf

RooAddPdf ATLAS_Signal_qq_WH_2mu2eCat_2012_sumpdf

RooStats::HistFactory::RooBSpline ATLAS_Signal_qq_WH_2mu2eCat_2012_bdtpdfspline

RooHistPdf ATLAS_Signal_qq_WH_124_2mu2eCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_qq_WH_125_2mu2eCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_qq_WH_126_2mu2eCat_2012_bdtpdf

RooStats::HistFactory::RooBSplineBases ATLAS_Signal_qq_WH_2mu2eCat_2012_splinebase

RooRealSumPdf ATLAS_Signal_qq_WH_2mu2eCat_BDTBin0_2012_m4l

RooRealSumPdf ATLAS_Signal_qq_WH_2mu2eCat_BDTBin1_2012_m4l

RooRealSumPdf ATLAS_Signal_qq_WH_2mu2eCat_BDTBin2_2012_m4l

RooRealSumPdf ATLAS_Signal_qq_WH_2mu2eCat_BDTBin3_2012_m4l

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012qq_WH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012qq_WH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012qq_WH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012qq_WH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012qq_WH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012qq_WH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012qq_WH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012qq_WH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012qq_WH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012qq_WH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012qq_WH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012qq_WH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012qq_WH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012qq_WH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012qq_WH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012qq_WH

RooAddition nATLAS_Signal_qq_WH_2mu2eCat_2012RooProduct prod_ATLAS_Signal_qq_WH_2mu2eCat_BDTBin0_2012

RooProduct prod_ATLAS_Signal_qq_WH_2mu2eCat_BDTBin1_2012

RooProduct prod_ATLAS_Signal_qq_WH_2mu2eCat_BDTBin2_2012

RooProduct prod_ATLAS_Signal_qq_WH_2mu2eCat_BDTBin3_2012

RooProduct nATLAS_Signal_qq_WH_2mu2eCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_qq_WH_2mu2eCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin0_2012qq_WH

RooRealVar sf_incl_2mu2e_0.001372_BDTBin0_2012qq_WH

RooRealVar sf_incl_2mu2e_0.001926_BDTBin0_2012qq_WH

RooRealVar sf_incl_2mu2e_0.001518_BDTBin0_2012qq_WH

RooRealVar sf_incl_2mu2e_0.001504_BDTBin0_2012qq_WH

RooRealVar sf_incl_2mu2e_0.001520_BDTBin0_2012qq_WH

RooRealVar sf_incl_2mu2e_0.001144_BDTBin0_2012qq_WH

RooRealVar sf_incl_2mu2e_0.001300_BDTBin0_2012qq_WH

RooRealVar sf_incl_2mu2e_0.001370_BDTBin0_2012qq_WH

RooRealVar sf_incl_2mu2e_0.001192_BDTBin0_2012qq_WH

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1200_2012_2012qq_WH

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1230_2012_2012qq_WH

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1240_2012_2012qq_WH

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1250_2012_2012qq_WH

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1260_2012_2012qq_WH

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1270_2012_2012qq_WH

RooStats::HistFactory::FlexibleInterpVar fiv_incl_2mu2e_BDTBin0_1300_2012_2012qq_WH

RooProduct nATLAS_Signal_qq_WH_2mu2eCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_qq_WH_2mu2eCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin1_2012qq_WH

RooRealVar sf_incl_2mu2e_0.003528_BDTBin1_2012qq_WH

RooRealVar sf_incl_2mu2e_0.006852_BDTBin1_2012qq_WH

RooRealVar sf_incl_2mu2e_0.005484_BDTBin1_2012qq_WH

RooRealVar sf_incl_2mu2e_0.006740_BDTBin1_2012qq_WH

RooRealVar sf_incl_2mu2e_0.006623_BDTBin1_2012qq_WH

RooRealVar sf_incl_2mu2e_0.006131_BDTBin1_2012qq_WH

RooRealVar sf_incl_2mu2e_0.006342_BDTBin1_2012qq_WH

RooRealVar sf_incl_2mu2e_0.007074_BDTBin1_2012qq_WH

RooRealVar sf_incl_2mu2e_0.006144_BDTBin1_2012qq_WH

RooProduct nATLAS_Signal_qq_WH_2mu2eCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_qq_WH_2mu2eCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin2_2012qq_WH

RooRealVar sf_incl_2mu2e_0.005828_BDTBin2_2012qq_WH

RooRealVar sf_incl_2mu2e_0.012492_BDTBin2_2012qq_WH

RooRealVar sf_incl_2mu2e_0.017320_BDTBin2_2012qq_WH

RooRealVar sf_incl_2mu2e_0.018360_BDTBin2_2012qq_WH

RooRealVar sf_incl_2mu2e_0.019967_BDTBin2_2012qq_WH

RooRealVar sf_incl_2mu2e_0.021254_BDTBin2_2012qq_WH

RooRealVar sf_incl_2mu2e_0.019075_BDTBin2_2012qq_WH

RooRealVar sf_incl_2mu2e_0.022883_BDTBin2_2012qq_WH

RooRealVar sf_incl_2mu2e_0.023237_BDTBin2_2012qq_WH

RooProduct nATLAS_Signal_qq_WH_2mu2eCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_qq_WH_2mu2eCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin3_2012qq_WH

RooRealVar sf_incl_2mu2e_0.010791_BDTBin3_2012qq_WH

RooRealVar sf_incl_2mu2e_0.030837_BDTBin3_2012qq_WH

RooRealVar sf_incl_2mu2e_0.046061_BDTBin3_2012qq_WH

RooRealVar sf_incl_2mu2e_0.053107_BDTBin3_2012qq_WH

RooRealVar sf_incl_2mu2e_0.059867_BDTBin3_2012qq_WH

RooRealVar sf_incl_2mu2e_0.065484_BDTBin3_2012qq_WH

RooRealVar sf_incl_2mu2e_0.074353_BDTBin3_2012qq_WH

RooRealVar sf_incl_2mu2e_0.096756_BDTBin3_2012qq_WH

RooRealVar sf_incl_2mu2e_0.142457_BDTBin3_2012qq_WH

RooRealSumPdf ATLAS_Signal_qq_ZH_2mu2eCat_2012_bdtpdf

RooAddPdf ATLAS_Signal_qq_ZH_2mu2eCat_2012_sumpdf

RooStats::HistFactory::RooBSpline ATLAS_Signal_qq_ZH_2mu2eCat_2012_bdtpdfspline

RooHistPdf ATLAS_Signal_qq_ZH_124_2mu2eCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_qq_ZH_125_2mu2eCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_qq_ZH_126_2mu2eCat_2012_bdtpdf

RooStats::HistFactory::RooBSplineBases ATLAS_Signal_qq_ZH_2mu2eCat_2012_splinebase

RooRealSumPdf ATLAS_Signal_qq_ZH_2mu2eCat_BDTBin0_2012_m4l

RooRealSumPdf ATLAS_Signal_qq_ZH_2mu2eCat_BDTBin1_2012_m4l

RooRealSumPdf ATLAS_Signal_qq_ZH_2mu2eCat_BDTBin2_2012_m4l

RooRealSumPdf ATLAS_Signal_qq_ZH_2mu2eCat_BDTBin3_2012_m4l

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012qq_ZH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012qq_ZH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012qq_ZH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012qq_ZH

RooAddition nATLAS_Signal_qq_ZH_2mu2eCat_2012

RooProduct prod_ATLAS_Signal_qq_ZH_2mu2eCat_BDTBin0_2012

RooProduct prod_ATLAS_Signal_qq_ZH_2mu2eCat_BDTBin1_2012

RooProduct prod_ATLAS_Signal_qq_ZH_2mu2eCat_BDTBin2_2012

RooProduct prod_ATLAS_Signal_qq_ZH_2mu2eCat_BDTBin3_2012

RooProduct nATLAS_Signal_qq_ZH_2mu2eCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_qq_ZH_2mu2eCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin0_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.000942_BDTBin0_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.001115_BDTBin0_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.001196_BDTBin0_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.000938_BDTBin0_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.001037_BDTBin0_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.001185_BDTBin0_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.000749_BDTBin0_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.001042_BDTBin0_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.000587_BDTBin0_2012qq_ZH

RooProduct nATLAS_Signal_qq_ZH_2mu2eCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_qq_ZH_2mu2eCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin1_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.002188_BDTBin1_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.003560_BDTBin1_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.003252_BDTBin1_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.003863_BDTBin1_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.004754_BDTBin1_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.004226_BDTBin1_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.004396_BDTBin1_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.003552_BDTBin1_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.003980_BDTBin1_2012qq_ZH

RooProduct nATLAS_Signal_qq_ZH_2mu2eCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_qq_ZH_2mu2eCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin2_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.003734_BDTBin2_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.007879_BDTBin2_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.009240_BDTBin2_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.010773_BDTBin2_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.012131_BDTBin2_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.011562_BDTBin2_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.014672_BDTBin2_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.012877_BDTBin2_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.015377_BDTBin2_2012qq_ZH

RooProduct nATLAS_Signal_qq_ZH_2mu2eCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_qq_ZH_2mu2eCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin3_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.006756_BDTBin3_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.017790_BDTBin3_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.027678_BDTBin3_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.031466_BDTBin3_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.035748_BDTBin3_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.040989_BDTBin3_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.046207_BDTBin3_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.063650_BDTBin3_2012qq_ZH

RooRealVar sf_incl_2mu2e_0.088649_BDTBin3_2012qq_ZH

RooRealSumPdf ATLAS_Signal_ttH_2mu2eCat_2012_bdtpdf

RooAddPdf ATLAS_Signal_ttH_2mu2eCat_2012_sumpdf

RooStats::HistFactory::RooBSpline ATLAS_Signal_ttH_2mu2eCat_2012_bdtpdfspline

RooHistPdf ATLAS_Signal_ttH_124_2mu2eCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_ttH_125_2mu2eCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_ttH_126_2mu2eCat_2012_bdtpdf

RooStats::HistFactory::RooBSplineBases ATLAS_Signal_ttH_2mu2eCat_2012_splinebase

RooRealSumPdf ATLAS_Signal_ttH_2mu2eCat_BDTBin0_2012_m4l

RooRealSumPdf ATLAS_Signal_ttH_2mu2eCat_BDTBin1_2012_m4l

RooRealSumPdf ATLAS_Signal_ttH_2mu2eCat_BDTBin2_2012_m4l

RooRealSumPdf ATLAS_Signal_ttH_2mu2eCat_BDTBin3_2012_m4l

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012ttH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012ttH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012ttH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012ttH

RooAddition nATLAS_Signal_ttH_2mu2eCat_2012

RooProduct prod_ATLAS_Signal_ttH_2mu2eCat_BDTBin0_2012

RooProduct prod_ATLAS_Signal_ttH_2mu2eCat_BDTBin1_2012

RooProduct prod_ATLAS_Signal_ttH_2mu2eCat_BDTBin2_2012

RooProduct prod_ATLAS_Signal_ttH_2mu2eCat_BDTBin3_2012

RooProduct nATLAS_Signal_ttH_2mu2eCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_ttH_2mu2eCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin0_2012ttH

RooRealVar sf_incl_2mu2e_0.000034_BDTBin0_2012ttH

RooRealVar sf_incl_2mu2e_0.000096_BDTBin0_2012ttH

RooRealVar sf_incl_2mu2e_0.000168_BDTBin0_2012ttH

RooRealVar sf_incl_2mu2e_0.000159_BDTBin0_2012ttH

RooRealVar sf_incl_2mu2e_0.000141_BDTBin0_2012ttH

RooRealVar sf_incl_2mu2e_0.000105_BDTBin0_2012ttH

RooRealVar sf_incl_2mu2e_0.000070_BDTBin0_2012ttH

RooRealVar sf_incl_2mu2e_0.000163_BDTBin0_2012ttH

RooRealVar sf_incl_2mu2e_0.000048_BDTBin0_2012ttH

RooProduct nATLAS_Signal_ttH_2mu2eCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_ttH_2mu2eCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin1_2012ttH

RooRealVar sf_incl_2mu2e_0.000101_BDTBin1_2012ttH

RooRealVar sf_incl_2mu2e_0.000595_BDTBin1_2012ttH

RooRealVar sf_incl_2mu2e_0.000604_BDTBin1_2012ttH

RooRealVar sf_incl_2mu2e_0.000692_BDTBin1_2012ttH

RooRealVar sf_incl_2mu2e_0.000683_BDTBin1_2012ttH

RooRealVar sf_incl_2mu2e_0.000772_BDTBin1_2012ttH

RooRealVar sf_incl_2mu2e_0.000780_BDTBin1_2012ttH

RooRealVar sf_incl_2mu2e_0.000681_BDTBin1_2012ttH

RooRealVar sf_incl_2mu2e_0.000631_BDTBin1_2012ttH

RooProduct nATLAS_Signal_ttH_2mu2eCat_BDTBin2_2012 RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_ttH_2mu2eCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin2_2012ttH

RooRealVar sf_incl_2mu2e_0.000288_BDTBin2_2012ttH

RooRealVar sf_incl_2mu2e_0.001651_BDTBin2_2012ttH

RooRealVar sf_incl_2mu2e_0.002161_BDTBin2_2012ttH

RooRealVar sf_incl_2mu2e_0.002081_BDTBin2_2012ttH

RooRealVar sf_incl_2mu2e_0.002596_BDTBin2_2012ttH

RooRealVar sf_incl_2mu2e_0.002361_BDTBin2_2012ttH

RooRealVar sf_incl_2mu2e_0.002430_BDTBin2_2012ttH

RooRealVar sf_incl_2mu2e_0.002626_BDTBin2_2012ttH

RooRealVar sf_incl_2mu2e_0.002322_BDTBin2_2012ttH

RooProduct nATLAS_Signal_ttH_2mu2eCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_ttH_2mu2eCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin3_2012ttH

RooRealVar sf_incl_2mu2e_0.000753_BDTBin3_2012ttH

RooRealVar sf_incl_2mu2e_0.006010_BDTBin3_2012ttH

RooRealVar sf_incl_2mu2e_0.009194_BDTBin3_2012ttH

RooRealVar sf_incl_2mu2e_0.010590_BDTBin3_2012ttH

RooRealVar sf_incl_2mu2e_0.011297_BDTBin3_2012ttH

RooRealVar sf_incl_2mu2e_0.012986_BDTBin3_2012ttH

RooRealVar sf_incl_2mu2e_0.014314_BDTBin3_2012ttH

RooRealVar sf_incl_2mu2e_0.019219_BDTBin3_2012ttH

RooRealVar sf_incl_2mu2e_0.020036_BDTBin3_2012ttH

RooRealSumPdf ATLAS_Signal_bbH_2mu2eCat_2012_bdtpdf

RooAddPdf ATLAS_Signal_bbH_2mu2eCat_2012_sumpdf

RooStats::HistFactory::RooBSpline ATLAS_Signal_bbH_2mu2eCat_2012_bdtpdfspline

RooHistPdf ATLAS_Signal_bbH_124_2mu2eCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_bbH_125_2mu2eCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_bbH_126_2mu2eCat_2012_bdtpdf

RooStats::HistFactory::RooBSplineBases ATLAS_Signal_bbH_2mu2eCat_2012_splinebase

RooRealSumPdf ATLAS_Signal_bbH_2mu2eCat_BDTBin0_2012_m4l

RooRealSumPdf ATLAS_Signal_bbH_2mu2eCat_BDTBin1_2012_m4l

RooRealSumPdf ATLAS_Signal_bbH_2mu2eCat_BDTBin2_2012_m4l

RooRealSumPdf ATLAS_Signal_bbH_2mu2eCat_BDTBin3_2012_m4l

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin0_signal_incl_2mu2e_BDTBin0_rrs_2012bbH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin1_signal_incl_2mu2e_BDTBin1_rrs_2012bbH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin2_signal_incl_2mu2e_BDTBin2_rrs_2012bbH

RooStats::HistFactory::RooBSpline shapes_bs_incl_2mu2e_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2mu2e_124_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2mu2e_125_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_2mu2e_126_BDTBin3_signal_incl_2mu2e_BDTBin3_rrs_2012bbH

RooAddition nATLAS_Signal_bbH_2mu2eCat_2012

RooProduct prod_ATLAS_Signal_bbH_2mu2eCat_BDTBin0_2012

RooProduct prod_ATLAS_Signal_bbH_2mu2eCat_BDTBin1_2012

RooProduct prod_ATLAS_Signal_bbH_2mu2eCat_BDTBin2_2012

RooProduct prod_ATLAS_Signal_bbH_2mu2eCat_BDTBin3_2012

RooProduct nATLAS_Signal_bbH_2mu2eCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_bbH_2mu2eCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin0_2012bbH

RooRealVar sf_incl_2mu2e_0.000522_BDTBin0_2012bbH

RooRealVar sf_incl_2mu2e_0.001482_BDTBin0_2012bbH

RooRealVar sf_incl_2mu2e_0.002600_BDTBin0_2012bbH

RooRealVar sf_incl_2mu2e_0.002461_BDTBin0_2012bbH

RooRealVar sf_incl_2mu2e_0.002182_BDTBin0_2012bbH

RooRealVar sf_incl_2mu2e_0.001616_BDTBin0_2012bbH

RooRealVar sf_incl_2mu2e_0.001075_BDTBin0_2012bbH

RooRealVar sf_incl_2mu2e_0.002521_BDTBin0_2012bbH

RooRealVar sf_incl_2mu2e_0.000749_BDTBin0_2012bbH

RooProduct nATLAS_Signal_bbH_2mu2eCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_bbH_2mu2eCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin1_2012bbH

RooRealVar sf_incl_2mu2e_0.000703_BDTBin1_2012bbH

RooRealVar sf_incl_2mu2e_0.004150_BDTBin1_2012bbH

RooRealVar sf_incl_2mu2e_0.004213_BDTBin1_2012bbH

RooRealVar sf_incl_2mu2e_0.004822_BDTBin1_2012bbH

RooRealVar sf_incl_2mu2e_0.004761_BDTBin1_2012bbH

RooRealVar sf_incl_2mu2e_0.005386_BDTBin1_2012bbH

RooRealVar sf_incl_2mu2e_0.005438_BDTBin1_2012bbH

RooRealVar sf_incl_2mu2e_0.004748_BDTBin1_2012bbH

RooRealVar sf_incl_2mu2e_0.004401_BDTBin1_2012bbH

RooProduct nATLAS_Signal_bbH_2mu2eCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_bbH_2mu2eCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_2mu2e_BDTBin2_2012bbH

RooRealVar sf_incl_2mu2e_0.000997_BDTBin2_2012bbH

RooRealVar sf_incl_2mu2e_0.005724_BDTBin2_2012bbH
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RooParamKeysPdf keysPdf_incl_4mu_126_BDTBin2_signal_incl_4mu_BDTBin2_rrs_2012qq_ZH

RooStats::HistFactory::RooBSpline shapes_bs_incl_4mu_BDTBin3_signal_incl_4mu_BDTBin3_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_4mu_124_BDTBin3_signal_incl_4mu_BDTBin3_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_4mu_125_BDTBin3_signal_incl_4mu_BDTBin3_rrs_2012qq_ZH

RooParamKeysPdf keysPdf_incl_4mu_126_BDTBin3_signal_incl_4mu_BDTBin3_rrs_2012qq_ZH

RooAddition nATLAS_Signal_qq_ZH_4muCat_2012

RooProduct prod_ATLAS_Signal_qq_ZH_4muCat_BDTBin0_2012

RooProduct prod_ATLAS_Signal_qq_ZH_4muCat_BDTBin1_2012

RooProduct prod_ATLAS_Signal_qq_ZH_4muCat_BDTBin2_2012

RooProduct prod_ATLAS_Signal_qq_ZH_4muCat_BDTBin3_2012

RooProduct nATLAS_Signal_qq_ZH_4muCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_qq_ZH_4muCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_4mu_BDTBin0_2012qq_ZH

RooRealVar sf_incl_4mu_0.002455_BDTBin0_2012qq_ZH

RooRealVar sf_incl_4mu_0.002637_BDTBin0_2012qq_ZH

RooRealVar sf_incl_4mu_0.002342_BDTBin0_2012qq_ZH

RooRealVar sf_incl_4mu_0.002833_BDTBin0_2012qq_ZH

RooRealVar sf_incl_4mu_0.002418_BDTBin0_2012qq_ZH

RooRealVar sf_incl_4mu_0.002662_BDTBin0_2012qq_ZH

RooRealVar sf_incl_4mu_0.002439_BDTBin0_2012qq_ZH

RooRealVar sf_incl_4mu_0.002602_BDTBin0_2012qq_ZH

RooRealVar sf_incl_4mu_0.002297_BDTBin0_2012qq_ZH

RooProduct nATLAS_Signal_qq_ZH_4muCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_qq_ZH_4muCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_4mu_BDTBin1_2012qq_ZH

RooRealVar sf_incl_4mu_0.007289_BDTBin1_2012qq_ZH

RooRealVar sf_incl_4mu_0.007771_BDTBin1_2012qq_ZH

RooRealVar sf_incl_4mu_0.008010_BDTBin1_2012qq_ZH

RooRealVar sf_incl_4mu_0.008961_BDTBin1_2012qq_ZH

RooRealVar sf_incl_4mu_0.008830_BDTBin1_2012qq_ZH

RooRealVar sf_incl_4mu_0.008647_BDTBin1_2012qq_ZH

RooRealVar sf_incl_4mu_0.008633_BDTBin1_2012qq_ZH

RooRealVar sf_incl_4mu_0.008900_BDTBin1_2012qq_ZH

RooRealVar sf_incl_4mu_0.005933_BDTBin1_2012qq_ZH

RooProduct nATLAS_Signal_qq_ZH_4muCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_qq_ZH_4muCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_4mu_BDTBin2_2012qq_ZH

RooRealVar sf_incl_4mu_0.009913_BDTBin2_2012qq_ZH

RooRealVar sf_incl_4mu_0.018506_BDTBin2_2012qq_ZH

RooRealVar sf_incl_4mu_0.021306_BDTBin2_2012qq_ZH

RooRealVar sf_incl_4mu_0.022304_BDTBin2_2012qq_ZH

RooRealVar sf_incl_4mu_0.024449_BDTBin2_2012qq_ZH

RooRealVar sf_incl_4mu_0.026257_BDTBin2_2012qq_ZH

RooRealVar sf_incl_4mu_0.024626_BDTBin2_2012qq_ZH

RooRealVar sf_incl_4mu_0.025105_BDTBin2_2012qq_ZH

RooRealVar sf_incl_4mu_0.028928_BDTBin2_2012qq_ZH

RooProduct nATLAS_Signal_qq_ZH_4muCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_qq_ZH_4muCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_4mu_BDTBin3_2012qq_ZH

RooRealVar sf_incl_4mu_0.012736_BDTBin3_2012qq_ZH

RooRealVar sf_incl_4mu_0.031655_BDTBin3_2012qq_ZH

RooRealVar sf_incl_4mu_0.051283_BDTBin3_2012qq_ZH

RooRealVar sf_incl_4mu_0.058139_BDTBin3_2012qq_ZH

RooRealVar sf_incl_4mu_0.062012_BDTBin3_2012qq_ZH

RooRealVar sf_incl_4mu_0.073027_BDTBin3_2012qq_ZH

RooRealVar sf_incl_4mu_0.078103_BDTBin3_2012qq_ZH

RooRealVar sf_incl_4mu_0.106884_BDTBin3_2012qq_ZH

RooRealVar sf_incl_4mu_0.151649_BDTBin3_2012qq_ZH

RooRealSumPdf ATLAS_Signal_ttH_4muCat_2012_bdtpdf

RooAddPdf ATLAS_Signal_ttH_4muCat_2012_sumpdf

RooStats::HistFactory::RooBSpline ATLAS_Signal_ttH_4muCat_2012_bdtpdfspline

RooHistPdf ATLAS_Signal_ttH_124_4muCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_ttH_125_4muCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_ttH_126_4muCat_2012_bdtpdf

RooStats::HistFactory::RooBSplineBases ATLAS_Signal_ttH_4muCat_2012_splinebase

RooRealSumPdf ATLAS_Signal_ttH_4muCat_BDTBin0_2012_m4l

RooRealSumPdf ATLAS_Signal_ttH_4muCat_BDTBin1_2012_m4l

RooRealSumPdf ATLAS_Signal_ttH_4muCat_BDTBin2_2012_m4l

RooRealSumPdf ATLAS_Signal_ttH_4muCat_BDTBin3_2012_m4l

RooStats::HistFactory::RooBSpline shapes_bs_incl_4mu_BDTBin0_signal_incl_4mu_BDTBin0_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_4mu_124_BDTBin0_signal_incl_4mu_BDTBin0_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_4mu_125_BDTBin0_signal_incl_4mu_BDTBin0_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_4mu_126_BDTBin0_signal_incl_4mu_BDTBin0_rrs_2012ttH

RooStats::HistFactory::RooBSpline shapes_bs_incl_4mu_BDTBin1_signal_incl_4mu_BDTBin1_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_4mu_124_BDTBin1_signal_incl_4mu_BDTBin1_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_4mu_125_BDTBin1_signal_incl_4mu_BDTBin1_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_4mu_126_BDTBin1_signal_incl_4mu_BDTBin1_rrs_2012ttH

RooStats::HistFactory::RooBSpline shapes_bs_incl_4mu_BDTBin2_signal_incl_4mu_BDTBin2_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_4mu_124_BDTBin2_signal_incl_4mu_BDTBin2_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_4mu_125_BDTBin2_signal_incl_4mu_BDTBin2_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_4mu_126_BDTBin2_signal_incl_4mu_BDTBin2_rrs_2012ttH

RooStats::HistFactory::RooBSpline shapes_bs_incl_4mu_BDTBin3_signal_incl_4mu_BDTBin3_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_4mu_124_BDTBin3_signal_incl_4mu_BDTBin3_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_4mu_125_BDTBin3_signal_incl_4mu_BDTBin3_rrs_2012ttH

RooParamKeysPdf keysPdf_incl_4mu_126_BDTBin3_signal_incl_4mu_BDTBin3_rrs_2012ttH

RooAddition nATLAS_Signal_ttH_4muCat_2012

RooProduct prod_ATLAS_Signal_ttH_4muCat_BDTBin0_2012

RooProduct prod_ATLAS_Signal_ttH_4muCat_BDTBin1_2012

RooProduct prod_ATLAS_Signal_ttH_4muCat_BDTBin2_2012

RooProduct prod_ATLAS_Signal_ttH_4muCat_BDTBin3_2012

RooProduct nATLAS_Signal_ttH_4muCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_ttH_4muCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_4mu_BDTBin0_2012ttH

RooRealVar sf_incl_4mu_0.000156_BDTBin0_2012ttH

RooRealVar sf_incl_4mu_0.000290_BDTBin0_2012ttH

RooRealVar sf_incl_4mu_0.000279_BDTBin0_2012ttH

RooRealVar sf_incl_4mu_0.000391_BDTBin0_2012ttH

RooRealVar sf_incl_4mu_0.000293_BDTBin0_2012ttH

RooRealVar sf_incl_4mu_0.000328_BDTBin0_2012ttH

RooRealVar sf_incl_4mu_0.000400_BDTBin0_2012ttH

RooRealVar sf_incl_4mu_0.000260_BDTBin0_2012ttH

RooRealVar sf_incl_4mu_0.000384_BDTBin0_2012ttH

RooProduct nATLAS_Signal_ttH_4muCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_ttH_4muCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_4mu_BDTBin1_2012ttH

RooRealVar sf_incl_4mu_0.000370_BDTBin1_2012ttH

RooRealVar sf_incl_4mu_0.001248_BDTBin1_2012ttH

RooRealVar sf_incl_4mu_0.001376_BDTBin1_2012ttH

RooRealVar sf_incl_4mu_0.001221_BDTBin1_2012ttH

RooRealVar sf_incl_4mu_0.001238_BDTBin1_2012ttH

RooRealVar sf_incl_4mu_0.001207_BDTBin1_2012ttH

RooRealVar sf_incl_4mu_0.001201_BDTBin1_2012ttH

RooRealVar sf_incl_4mu_0.000999_BDTBin1_2012ttH

RooRealVar sf_incl_4mu_0.001018_BDTBin1_2012ttH

RooProduct nATLAS_Signal_ttH_4muCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_ttH_4muCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_4mu_BDTBin2_2012ttH

RooRealVar sf_incl_4mu_0.000579_BDTBin2_2012ttH

RooRealVar sf_incl_4mu_0.003200_BDTBin2_2012ttH

RooRealVar sf_incl_4mu_0.004050_BDTBin2_2012ttH

RooRealVar sf_incl_4mu_0.003740_BDTBin2_2012ttH

RooRealVar sf_incl_4mu_0.004017_BDTBin2_2012ttH

RooRealVar sf_incl_4mu_0.003827_BDTBin2_2012ttH

RooRealVar sf_incl_4mu_0.004044_BDTBin2_2012ttH

RooRealVar sf_incl_4mu_0.004320_BDTBin2_2012ttH

RooRealVar sf_incl_4mu_0.002687_BDTBin2_2012ttH

RooProduct nATLAS_Signal_ttH_4muCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_ttH_4muCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_4mu_BDTBin3_2012ttH

RooRealVar sf_incl_4mu_0.001473_BDTBin3_2012ttH

RooRealVar sf_incl_4mu_0.009905_BDTBin3_2012ttH

RooRealVar sf_incl_4mu_0.014762_BDTBin3_2012ttH

RooRealVar sf_incl_4mu_0.016283_BDTBin3_2012ttH

RooRealVar sf_incl_4mu_0.018817_BDTBin3_2012ttH

RooRealVar sf_incl_4mu_0.020269_BDTBin3_2012ttH

RooRealVar sf_incl_4mu_0.022338_BDTBin3_2012ttH

RooRealVar sf_incl_4mu_0.030200_BDTBin3_2012ttH

RooRealVar sf_incl_4mu_0.028171_BDTBin3_2012ttH

RooRealSumPdf ATLAS_Signal_bbH_4muCat_2012_bdtpdf

RooAddPdf ATLAS_Signal_bbH_4muCat_2012_sumpdf

RooStats::HistFactory::RooBSpline ATLAS_Signal_bbH_4muCat_2012_bdtpdfspline

RooHistPdf ATLAS_Signal_bbH_124_4muCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_bbH_125_4muCat_2012_bdtpdf

RooHistPdf ATLAS_Signal_bbH_126_4muCat_2012_bdtpdf

RooStats::HistFactory::RooBSplineBases ATLAS_Signal_bbH_4muCat_2012_splinebase

RooRealSumPdf ATLAS_Signal_bbH_4muCat_BDTBin0_2012_m4l

RooRealSumPdf ATLAS_Signal_bbH_4muCat_BDTBin1_2012_m4l

RooRealSumPdf ATLAS_Signal_bbH_4muCat_BDTBin2_2012_m4l

RooRealSumPdf ATLAS_Signal_bbH_4muCat_BDTBin3_2012_m4l

RooStats::HistFactory::RooBSpline shapes_bs_incl_4mu_BDTBin0_signal_incl_4mu_BDTBin0_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_4mu_124_BDTBin0_signal_incl_4mu_BDTBin0_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_4mu_125_BDTBin0_signal_incl_4mu_BDTBin0_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_4mu_126_BDTBin0_signal_incl_4mu_BDTBin0_rrs_2012bbH

RooStats::HistFactory::RooBSpline shapes_bs_incl_4mu_BDTBin1_signal_incl_4mu_BDTBin1_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_4mu_124_BDTBin1_signal_incl_4mu_BDTBin1_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_4mu_125_BDTBin1_signal_incl_4mu_BDTBin1_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_4mu_126_BDTBin1_signal_incl_4mu_BDTBin1_rrs_2012bbH

RooStats::HistFactory::RooBSpline shapes_bs_incl_4mu_BDTBin2_signal_incl_4mu_BDTBin2_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_4mu_124_BDTBin2_signal_incl_4mu_BDTBin2_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_4mu_125_BDTBin2_signal_incl_4mu_BDTBin2_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_4mu_126_BDTBin2_signal_incl_4mu_BDTBin2_rrs_2012bbH

RooStats::HistFactory::RooBSpline shapes_bs_incl_4mu_BDTBin3_signal_incl_4mu_BDTBin3_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_4mu_124_BDTBin3_signal_incl_4mu_BDTBin3_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_4mu_125_BDTBin3_signal_incl_4mu_BDTBin3_rrs_2012bbH

RooParamKeysPdf keysPdf_incl_4mu_126_BDTBin3_signal_incl_4mu_BDTBin3_rrs_2012bbH

RooAddition nATLAS_Signal_bbH_4muCat_2012

RooProduct prod_ATLAS_Signal_bbH_4muCat_BDTBin0_2012

RooProduct prod_ATLAS_Signal_bbH_4muCat_BDTBin1_2012

RooProduct prod_ATLAS_Signal_bbH_4muCat_BDTBin2_2012

RooProduct prod_ATLAS_Signal_bbH_4muCat_BDTBin3_2012

RooProduct nATLAS_Signal_bbH_4muCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_bbH_4muCat_BDTBin0_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_4mu_BDTBin0_2012bbH

RooRealVar sf_incl_4mu_0.002390_BDTBin0_2012bbH

RooRealVar sf_incl_4mu_0.004427_BDTBin0_2012bbH

RooRealVar sf_incl_4mu_0.004256_BDTBin0_2012bbH

RooRealVar sf_incl_4mu_0.005969_BDTBin0_2012bbH

RooRealVar sf_incl_4mu_0.004472_BDTBin0_2012bbH

RooRealVar sf_incl_4mu_0.005002_BDTBin0_2012bbH

RooRealVar sf_incl_4mu_0.006110_BDTBin0_2012bbH

RooRealVar sf_incl_4mu_0.003978_BDTBin0_2012bbH

RooRealVar sf_incl_4mu_0.005859_BDTBin0_2012bbH

RooProduct nATLAS_Signal_bbH_4muCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_bbH_4muCat_BDTBin1_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_4mu_BDTBin1_2012bbH

RooRealVar sf_incl_4mu_0.002798_BDTBin1_2012bbH

RooRealVar sf_incl_4mu_0.009435_BDTBin1_2012bbH

RooRealVar sf_incl_4mu_0.010398_BDTBin1_2012bbH

RooRealVar sf_incl_4mu_0.009227_BDTBin1_2012bbH

RooRealVar sf_incl_4mu_0.009355_BDTBin1_2012bbH

RooRealVar sf_incl_4mu_0.009122_BDTBin1_2012bbH

RooRealVar sf_incl_4mu_0.009079_BDTBin1_2012bbH

RooRealVar sf_incl_4mu_0.007551_BDTBin1_2012bbH

RooRealVar sf_incl_4mu_0.007696_BDTBin1_2012bbH

RooProduct nATLAS_Signal_bbH_4muCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_bbH_4muCat_BDTBin2_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_4mu_BDTBin2_2012bbH

RooRealVar sf_incl_4mu_0.002564_BDTBin2_2012bbH

RooRealVar sf_incl_4mu_0.014181_BDTBin2_2012bbH

RooRealVar sf_incl_4mu_0.017949_BDTBin2_2012bbH

RooRealVar sf_incl_4mu_0.016574_BDTBin2_2012bbH

RooRealVar sf_incl_4mu_0.017801_BDTBin2_2012bbH

RooRealVar sf_incl_4mu_0.016960_BDTBin2_2012bbH

RooRealVar sf_incl_4mu_0.017918_BDTBin2_2012bbH

RooRealVar sf_incl_4mu_0.019145_BDTBin2_2012bbH

RooRealVar sf_incl_4mu_0.011907_BDTBin2_2012bbH

RooProduct nATLAS_Signal_bbH_4muCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline fiv_ATLAS_Signal_bbH_4muCat_BDTBin3_2012

RooStats::HistFactory::RooBSpline sf_scale_bs_incl_4mu_BDTBin3_2012bbH

RooRealVar sf_incl_4mu_0.001769_BDTBin3_2012bbH

RooRealVar sf_incl_4mu_0.011898_BDTBin3_2012bbH

RooRealVar sf_incl_4mu_0.017732_BDTBin3_2012bbH RooRealVar sf_incl_4mu_0.019559_BDTBin3_2012bbH

RooRealVar sf_incl_4mu_0.022603_BDTBin3_2012bbH

RooRealVar sf_incl_4mu_0.024346_BDTBin3_2012bbH

RooRealVar sf_incl_4mu_0.026832_BDTBin3_2012bbH

RooRealVar sf_incl_4mu_0.036275_BDTBin3_2012bbH

RooRealVar sf_incl_4mu_0.033839_BDTBin3_2012bbH

RooFit

RooRealVar s("s", "s", 5); 
RooRealVar b("b", "b", 50); 
RooRealVar n("n", "n", 0, 100); 
RooRealVar mu("mu", "mu", 0, 10); 
RooFormulaVar nexp("nexp", "nexp", "mu*s+b", 

RooArgList(mu, s, b)); 
RooPoisson model("model", "model", n, nexp);

RooDataSet data("data", "data", n); 
n=55; 
data.add(n);
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Analysers specialised in simulation, specific measurements, etc.
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RooWorkspace 
container

Combination

Inference

RooWorkspace w(“w”); 
w.import(model); 
w.import(data); 
w.writeToFile(“w.root");

HistFactory, 
HistFitter, etc.Custom classes 

that are added 
to vanilla ROOT 
over time

RooStats, etc.
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Cross sections, pdf sets, 
uncertainties, …

• Combining involves more than building a simultaneous PDF and 
implementing parameterisations

Independent tools and 
analysis teams cross 
checking pdf, nuisance 
parameters and inference 

Fully or partially 
correlated parameters, 
correlated and 
uncorrelated parts, …

E.g. luminosity, jet energy scale

Eigenbasis, multivariate subsidiary 
measurements, template morphing, …

Almost 600 disjoint selections 
with one, two, or more 
observables and more 

than 4200 nuisance 
parameters

Detector uncertainties follow strategy of individual experiments 
Theoretical uncertainties on inclusive cross sections are generally 
correlated between experiments, but correlation between processes 
is often not clear and depends on phase space 
Acceptance and efficiency related uncertainties not correlated 
Monte Carlo statistics related nuisances affect a single bin only
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Statistical inference using RooStats
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• Follow standard frequentist methods for constructing confidence 
intervals, hypothesis testing and evaluating the tensions 

• Often the asymptotic approximation is used 

• RooStats provides a series of tools for this tasks 

• General concepts are completely decoupled from model building and 
work on any probability model and dataset provided 

• Internally developed tools for additional cross checks 

• E.g. pulls, constraints, correlations and impact of nuisance parameters

! E. Gross 
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Improving the performance for complex models
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• Complex likelihood function may lead to instabilities and performance 
issues, even though many aspects are simplified 

• Minimisation of the likelihood function takes several hours (with 
Hesse days) and requires large (> 7G) memory nodes 

• Largest fraction of time spend in interpolation 

• Several strategies to reduce number of interpolations 
• Disentangle “real” effect of systematic variations from statistical 

noise, e.g. using bootstrap replicas 

• Performance groups provide reduced set of variations 
• Depending on the measurement performed, non-significant 

uncertainties can be pruned on analysis level 

• Examples: evaluate the variation of the counts and templates or 
the correlation with measurements 

• Complementary technical developments 
• Constant term optimisation, caching, vectorisation, binned evaluation

! D. Börner 



Naive combinations vs. full model (I)
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 [GeV]Hm
123 124 125 126 127 128 1290.5−

9
Total Stat. Syst.CMS and ATLAS

 Run 1LHC       Total      Stat.    Syst.

l+4γγ CMS+ATLAS  0.11) GeV± 0.21 ± 0.24 ( ±125.09 

l 4CMS+ATLAS  0.15) GeV± 0.37 ± 0.40 ( ±125.15 

γγ CMS+ATLAS  0.14) GeV± 0.25 ± 0.29 ( ±125.07 

l4→ZZ→H CMS  0.17) GeV± 0.42 ± 0.45 ( ±125.59 

l4→ZZ→H ATLAS  0.04) GeV± 0.52 ± 0.52 ( ±124.51 

γγ→H CMS  0.15) GeV± 0.31 ± 0.34 ( ±124.70 

γγ→H ATLAS  0.27) GeV± 0.43 ± 0.51 ( ±126.02 

In a gaussian regime, e.g. statistically limited analyses with no 
complex correlations, weighted average is a good approximation:

γγ ℓ ±



Naive combinations vs. full model (II)
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For more complex models, naive combinations are not feasible and 
may not reproduce results accurately

f
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0 0.5 1 1.5 2

f F
κ

2−

1−

0

1

2

Combined γγ→H

ZZ→H WW→H

ττ→H bb→H

68% CL

95% CL

Best fit

SM expected

Run 1 LHC
CMS and ATLAS

0.5− 0 0.5 1 1.5

bb

ττ

WW

ZZ

γγ

ggF
0.5− 0 0.5 1 1.5

bb

ττ

WW

ZZ

γγ

VBF
4− 2− 0 2 4 6 8

bb

ττ

WW

ZZ

γγ

WH
4− 2− 0 2 4 6 8

bb

ττ

WW

ZZ

γγ

ZH
4− 2− 0 2 4 6 8

bb

ττ

WW

ZZ

γγ

ttH

bb

ττ

WW

ZZ

γγ

σ1±Observed 
Th. uncert. Run 1LHC

CMS and ATLAS

 B norm. to SM prediction⋅ σ

Measurements

Interpretation
Requires knowledge of 
parametrisation, correlations, etc.

Hides all intrinsic measurements, 
e.g. background rates, phase 
space regions, etc. Individually favour negative 

relative signs, but combination 
favours positive



Making the results available (I)
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• Typically quote 1𝜎 and 2𝜎 confidence intervals 

• Sufficient to perform naive combination of results, but may differ 
significantly from full model when neglecting correlations, etc. 

• Correlation matrix at the minimum provides additional information 

• Can build (parametrised) normal distributions that reproduce 
likelihood scans if model sufficiently Gaussian

Ongoing efforts to make results from generic models available for 
re-interpretations
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Assumptions introduce 
correlations
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Making the results available (II)
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• Often provide (multi-dimensional) profile likelihood scans to 
compare predictions, e.g. from simulating custom model 

• Improving habit to make templates available, e.g. on HepData 

• Build simplified likelihood that can be combined 

• Within the collaboration, share the persisted pdf, e.g. for BSM 
interpretations

Figure 2. ATLAS hadronic search: Ratio of observed exclusion limits obtained with this study to
the ones of the official ATLAS result, as a function of the mass mX of the exotic resonance for the
WW (black), ZZ (red) and WZ (magenta) tagging selections.
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Figure 3. ATLAS hadronic search: Observed exclusion limits on exotic production cross section as
a function of the resonance mass mX obtained with this study, with (black) and without (red) the
correction discussed in the text (“fudge”), and comparison with the official ATLAS results (grey)
for Gbulk ! WLWL (left), W0 ! WL ZL (middle) and Gbulk ! ZLZL (right) signal hypotheses and
tagging selections. The green and yellow bands represent the one and two sigma variations around
the median expected limits (dashed lines) calculated with the same fudge factor.

a result of the different boson masses. By using the mass distribution of longitudinal V-
jets, as documented in Fig. 1 of Ref. [20], and by taking into account the different W

and Z efficiencies, we can calculate the efficiency of tagging selections for different signal
hypotheses (WW, WZ, ZZ). The comparison of the tagging selection efficiencies can be
found in Table 2.

The effect of applying the different tagging selections to the WW, WZ and ZZ signal
hypotheses as a function of the resonance mass is shown in Fig. 4. We assume that the mJJ

spectrum is not affected by the mass window difference in the tagging selections, i.e. that
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Figure 21. Combination of all ATLAS and CMS resonance searches for Gbulk ! ZLZL (top),
Gbulk ! WLWL (middle) and W0 ! WL ZL (bottom) selections and signal hypotheses, and as
a function of the resonance mass mX carried out in the hadronic (red) and semileptonic (blue)
channels and their combination (black). The results include all correction factors discussed in the
text. Left: Expected (dashed lines) and observed (continuous lines) exclusion limits on exotic
production cross section. The green and yellow bands represent the one and two sigma variations
around the median expected limits. Middle: Likelihood ratio p-values. The dashed black curve
corresponds to the combined search without the corrections discussed in the text. Right: Best
fitted exotic production cross section. The green and yellow bands represent the one and two sigma
variations around the median values.
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Combine diboson 
measurements

[arXiv:1512.03371]



What’s next?
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• With increasing data statistics, more 
sophisticated theoretical models can be 
tested, but also systematic uncertainties 
and statistical modelling gain in importance 

• Experimental systematics will shrink with more data being 
available for calibration measurements 

• Theoretical uncertainties will shrink when calculations improve 

• This poses many questions and requires technical developments: 

• What distributions of subsidiary measurements are correct? 

• Does the parametrisation of an systematic uncertainty capture 
the “real” effect, or introduces it too much detail? 

• Is the interpolation between sampling points for response 
mapping accurate, e.g. hadronisation/fragmentation model and 
non-factorisable uncertainties?

Best fit µ Uncertainty

Total Stat Expt Thbgd Thsig

ATLAS + CMS (measured) 1.09

+0.11

�0.10

+0.07

�0.07

+0.04

�0.04

+0.03

�0.03

+0.07

�0.06

ATLAS + CMS (expected)

+0.11

�0.10

+0.07

�0.07

+0.04

�0.04

+0.03

�0.03

+0.07

�0.06

ATLAS (measured) 1.20

+0.15

�0.14

+0.10

�0.10

+0.06

�0.06

+0.04

�0.04

+0.08

�0.07

ATLAS (expected)

+0.14

�0.13

+0.10

�0.10

+0.06

�0.05

+0.04

�0.04

+0.07

�0.06

CMS (measured) 0.97

+0.14

�0.13

+0.09

�0.09

+0.05

�0.05

+0.04

�0.03

+0.07

�0.06

CMS (expected)

+0.14

�0.13

+0.09

�0.09

+0.05

�0.05

+0.04

�0.03

+0.08

�0.06



Summary
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• Combinations are gaining in importance in HEP 
• Combining full likelihood preserves all available information, 

i.e. correlations, composition of selections, subsidiary 
measurements, etc. 

• Build the likelihood function using RooFit, persist it in a 
sharable RooWorkspace container, and perform inference using 
RooStats tools 

• Combination requires harmonisation, poses technical 
challenges and drives developments 

• Naive combinations can be done quickly, but do often not 
reproduce full results 

• Ongoing efforts to make results available to community
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Template morphing
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. . .

. . .

Each algorithm has advantages and disadvantages and has specific applications

observable-10 -8 -6 -4 -2 0 2 4 6 8 10
morphing parameter 012345678910

Ev
en

ts
 / 

( 0
.4

 x
 1

 )

0
0.05

0.1
0.15
0.2

0.25
0.3

0.35
0.4

Mainly used for 
physics 
measurements, 
e.g. mH, or CP mixing

Typically used for modelling 
effect of systematic uncertainties 
on templates

observable

0 50 100 150 200 250 300 350 400

Pr
oj

ec
tio

n 
of

 p
.d

.f.
s

0

0.02

0.04

0.06

0.08

0.1

0.12

morphing parameter

0 0.5 1

 input template (mapped to m=0)st1
 input template (mapped to m=1)nd2

Vertical morphing interpolation (at m=0.5)
MomentMorph interpolation (at m=0.5)
(accounting only for shifted mean)

Handles multidimensional 
morphing for systematics, 
but no simple interface

[arXiv:1410.7388]

[arXiv:1410.7388]



Uncertainties on the Higgs boson mass

25

0 0.05 0.1

ATLAS
Observed
Expected

combined result
Uncertainty in ATLAS

0 0.05 0.1
 [GeV]Hmδ

CMS
Observed
Expected

combined result
Uncertainty in CMS

0 0.02 0.04 0.06

Combined
Observed
Expected

combined result
Uncertainty in LHC

Theory uncertainties

Additional experimental
systematic uncertainties

Integrated luminosity

 background modelingγγ →H ATLAS 

Muon momentum scale & resolution

CMS electron energy scale & resolution

 calibration ee→Z 

 vertex & conversionγγ →H ATLAS 
reconstruction

Photon energy resolution

ECAL lateral shower shape

ECAL longitudinal response

Material in front of ECAL

ATLAS ECAL non-linearity /
  photon non-linearityCMS 

CMS and ATLAS
 Run 1LHC



Uncertainties in the Higgs combination

26

Parameter Best fit Uncertainty Best fit Uncertainty Best fit Uncertainty

value Stat Expt Thbgd Thsig value Stat Expt Thbgd Thsig value Stat Expt Thbgd Thsig

ATLAS+CMS ATLAS CMS

kgZ 1.09

+0.11

�0.11

+0.09

�0.09

+0.02

�0.02

+0.00

�0.01

+0.06

�0.05

1.20

+0.16

�0.15

+0.14

�0.14

+0.03

�0.03

+0.02

�0.02

+0.07

�0.06

0.99

+0.14

�0.13

+0.12

�0.12

+0.03

�0.04

+0.01

�0.01

+0.06

�0.04⇣
+0.11

�0.11

⌘ ⇣
+0.09

�0.09

⌘ ⇣
+0.02

�0.02

⌘ ⇣
+0.01

�0.01

⌘ ⇣
+0.06

�0.05

⌘ ⇣
+0.15

�0.15

⌘ ⇣
+0.14

�0.13

⌘ ⇣
+0.03

�0.03

⌘ ⇣
+0.01

�0.02

⌘ ⇣
+0.06

�0.05

⌘ ⇣
+0.14

�0.14

⌘ ⇣
+0.13

�0.12

⌘ ⇣
+0.03

�0.03

⌘ ⇣
+0.01

�0.01

⌘ ⇣
+0.06

�0.05

⌘

lZg 1.27

+0.23

�0.20

+0.18

�0.16

+0.10

�0.07

+0.06

�0.05

+0.10

�0.08

1.07

+0.26

�0.22

+0.21

�0.18

+0.10

�0.06

+0.07

�0.06

+0.09

�0.07

1.47

+0.45

�0.34

+0.35

�0.28

+0.22

�0.14

+0.11

�0.10

+0.13

�0.09⇣
+0.20

�0.17

⌘ ⇣
+0.15

�0.14

⌘ ⇣
+0.08

�0.06

⌘ ⇣
+0.05

�0.04

⌘ ⇣
+0.08

�0.07

⌘ ⇣
+0.28

�0.23

⌘ ⇣
+0.23

�0.20

⌘ ⇣
+0.10

�0.07

⌘ ⇣
+0.09

�0.05

⌘ ⇣
+0.09

�0.07

⌘ ⇣
+0.27

�0.23

⌘ ⇣
+0.21

�0.19

⌘ ⇣
+0.12

�0.09

⌘ ⇣
+0.07

�0.05

⌘ ⇣
+0.09

�0.07

⌘

ltg 1.78

+0.30

�0.27

+0.21

�0.20

+0.13

�0.11

+0.09

�0.09

+0.14

�0.11

1.40

+0.34

�0.33

+0.25

�0.24

+0.14

�0.15

+0.12

�0.14

+0.14

�0.09

-2.26

+0.50

�0.53

+0.43

�0.39

+0.22

�0.23

+0.04

�0.18

+0.14

�0.21⇣
+0.28

�0.38

⌘ ⇣
+0.20

�0.30

⌘ ⇣
+0.11

�0.13

⌘ ⇣
+0.14

�0.20

⌘ ⇣
+0.09

�0.05

⌘ ⇣
+0.38

�0.54

⌘ ⇣
+0.28

�0.39

⌘ ⇣
+0.14

�0.22

⌘ ⇣
+0.18

�0.29

⌘ ⇣
+0.11

�0.06

⌘ ⇣
+0.42

�0.64

⌘ ⇣
+0.31

�0.42

⌘ ⇣
+0.16

�0.22

⌘ ⇣
+0.21

�0.43

⌘ ⇣
+0.11

�0.06

⌘

lWZ 0.88

+0.10

�0.09

+0.09

�0.08

+0.03

�0.03

+0.03

�0.02

+0.02

�0.01

0.92

+0.14

�0.12

+0.13

�0.11

+0.04

�0.03

+0.03

�0.03

+0.02

�0.02

-0.85

+0.13

�0.15

+0.11

�0.13

+0.05

�0.06

+0.04

�0.04

+0.01

�0.03⇣
+0.12

�0.10

⌘ ⇣
+0.11

�0.09

⌘ ⇣
+0.04

�0.03

⌘ ⇣
+0.03

�0.03

⌘ ⇣
+0.02

�0.01

⌘ ⇣
+0.18

�0.15

⌘ ⇣
+0.17

�0.13

⌘ ⇣
+0.04

�0.04

⌘ ⇣
+0.04

�0.04

⌘ ⇣
+0.02

�0.02

⌘ ⇣
+0.17

�0.14

⌘ ⇣
+0.15

�0.13

⌘ ⇣
+0.06

�0.05

⌘ ⇣
+0.03

�0.03

⌘ ⇣
+0.03

�0.02

⌘

|lgZ| 0.89

+0.11

�0.10

+0.10

�0.09

+0.03

�0.02

+0.01

�0.02

+0.02

�0.01

0.87

+0.15

�0.13

+0.15

�0.13

+0.04

�0.04

+0.02

�0.01

+0.02

�0.02

0.91

+0.17

�0.14

+0.16

�0.14

+0.04

�0.03

+0.02

�0.02

+0.02

�0.02⇣
+0.13

�0.12

⌘ ⇣
+0.13

�0.11

⌘ ⇣
+0.03

�0.02

⌘ ⇣
+0.01

�0.01

⌘ ⇣
+0.02

�0.01

⌘ ⇣
+0.20

�0.17

⌘ ⇣
+0.20

�0.17

⌘ ⇣
+0.05

�0.03

⌘ ⇣
+0.03

�0.01

⌘ ⇣
+0.02

�0.02

⌘ ⇣
+0.18

�0.16

⌘ ⇣
+0.18

�0.15

⌘ ⇣
+0.04

�0.03

⌘ ⇣
+0.01

�0.01

⌘ ⇣
+0.02

�0.02

⌘

|ltZ| 0.85

+0.13

�0.12

+0.12

�0.10

+0.07

�0.06

+0.01

�0.02

+0.02

�0.01

0.96

+0.21

�0.18

+0.18

�0.15

+0.10

�0.09

+0.04

�0.03

+0.03

�0.02

0.78

+0.20

�0.17

+0.17

�0.15

+0.10

�0.08

+0.01

�0.02

+0.02

�0.01⇣
+0.17

�0.15

⌘ ⇣
+0.14

�0.13

⌘ ⇣
+0.09

�0.08

⌘ ⇣
+0.02

�0.02

⌘ ⇣
+0.02

�0.02

⌘ ⇣
+0.27

�0.23

⌘ ⇣
+0.23

�0.19

⌘ ⇣
+0.13

�0.11

⌘ ⇣
+0.04

�0.03

⌘ ⇣
+0.04

�0.02

⌘ ⇣
+0.23

�0.20

⌘ ⇣
+0.19

�0.17

⌘ ⇣
+0.12

�0.11

⌘ ⇣
+0.02

�0.01

⌘ ⇣
+0.02

�0.02

⌘

|lbZ| 0.58

+0.16

�0.20

+0.12

�0.17

+0.07

�0.06

+0.07

�0.07

+0.03

�0.04

0.61

+0.24

�0.24

+0.20

�0.19

+0.09

�0.12

+0.10

�0.10

+0.04

�0.03

0.47

+0.26

�0.17

+0.23

�0.13

+0.06

�0.07

+0.11

�0.08

+0.00

�0.04⇣
+0.25

�0.22

⌘ ⇣
+0.21

�0.20

⌘ ⇣
+0.09

�0.07

⌘ ⇣
+0.08

�0.05

⌘ ⇣
+0.06

�0.05

⌘ ⇣
+0.36

�0.29

⌘ ⇣
+0.31

�0.26

⌘ ⇣
+0.12

�0.09

⌘ ⇣
+0.11

�0.08

⌘ ⇣
+0.08

�0.05

⌘ ⇣
+0.38

�0.37

⌘ ⇣
+0.32

�0.34

⌘ ⇣
+0.15

�0.11

⌘ ⇣
+0.11

�0.09

⌘ ⇣
+0.07

�0.07

⌘

Parameter SM prediction Best fit Uncertainty Best fit Uncertainty Best fit Uncertainty

value Stat Expt Thbgd Thsig value Stat Expt Thbgd Thsig value Stat Expt Thbgd Thsig

ATLAS+CMS ATLAS CMS

s(gg !
H ! ZZ) [pb]

0.51 ±0.06 0.59

+0.11

�0.10

+0.11

�0.10

+0.02

�0.01

+0.01

�0.01

+0.01

�0.01

0.77

+0.19

�0.17

+0.19

�0.16

+0.04

�0.03

+0.02

�0.02

+0.01

�0.01

0.44

+0.14

�0.12

+0.13

�0.11

+0.04

�0.03

+0.01

�0.01

+0.02

�0.01⇣
+0.11

�0.10

⌘ ⇣
+0.11

�0.09

⌘ ⇣
+0.02

�0.02

⌘ ⇣
+0.01

�0.01

⌘ ⇣
+0.01

�0.01

⌘ ⇣
+0.16

�0.14

⌘ ⇣
+0.16

�0.13

⌘ ⇣
+0.03

�0.02

⌘ ⇣
+0.01

�0.01

⌘ ⇣
+0.01

�0.01

⌘ ⇣
+0.15

�0.13

⌘ ⇣
+0.15

�0.13

⌘ ⇣
+0.03

�0.02

⌘ ⇣
+0.01

�0.01

⌘ ⇣
+0.02

�0.01

⌘

s
VBF

/sggF

0.082 ±0.009 0.109

+0.034

�0.027

+0.029

�0.024

+0.013

�0.009

+0.006

�0.004

+0.010

�0.008

0.079

+0.035

�0.026

+0.030

�0.023

+0.014

�0.009

+0.008

�0.005

+0.009

�0.006

0.138

+0.073

�0.051

+0.061

�0.046

+0.033

�0.019

+0.014

�0.006

+0.015

�0.010⇣
+0.029

�0.024

⌘ ⇣
+0.024

�0.020

⌘ ⇣
+0.012

�0.009

⌘ ⇣
+0.005

�0.003

⌘ ⇣
+0.009

�0.007

⌘ ⇣
+0.042

�0.031

⌘ ⇣
+0.036

�0.028

⌘ ⇣
+0.016

�0.010

⌘ ⇣
+0.010

�0.006

⌘ ⇣
+0.011

�0.008

⌘ ⇣
+0.043

�0.033

⌘ ⇣
+0.037

�0.029

⌘ ⇣
+0.020

�0.012

⌘ ⇣
+0.006

�0.003

⌘ ⇣
+0.010

�0.008

⌘

sWH/sggF

0.037 ±0.004 0.031

+0.028

�0.026

+0.024

�0.022

+0.012

�0.012

+0.008

�0.008

+0.003

�0.002

0.054

+0.036

�0.026

+0.031

�0.023

+0.012

�0.008

+0.014

�0.009

+0.007

�0.004

0.005

+0.044

�0.037

+0.037

�0.028

+0.021

�0.023

+0.010

�0.008

+0.003

�0.001⇣
+0.021

�0.017

⌘ ⇣
+0.019

�0.015

⌘ ⇣
+0.008

�0.005

⌘ ⇣
+0.007

�0.005

⌘ ⇣
+0.002

�0.002

⌘ ⇣
+0.033

�0.022

⌘ ⇣
+0.029

�0.020

⌘ ⇣
+0.010

�0.006

⌘ ⇣
+0.011

�0.006

⌘ ⇣
+0.005

�0.002

⌘ ⇣
+0.032

�0.022

⌘ ⇣
+0.027

�0.020

⌘ ⇣
+0.014

�0.008

⌘ ⇣
+0.009

�0.006

⌘ ⇣
+0.003

�0.001

⌘

sZH/sggF

0.0216 ±0.0024 0.066

+0.039

�0.031

+0.032

�0.025

+0.018

�0.012

+0.014

�0.012

+0.005

�0.003

0.013

+0.028

�0.014

+0.021

�0.012

+0.013

�0.005

+0.013

�0.005

+0.003

�0.002

0.123

+0.076

�0.053

+0.063

�0.046

+0.038

�0.022

+0.019

�0.013

+0.009

�0.005⇣
+0.016

�0.011

⌘ ⇣
+0.014

�0.010

⌘ ⇣
+0.006

�0.003

⌘ ⇣
+0.006

�0.003

⌘ ⇣
+0.002

�0.001

⌘ ⇣
+0.027

�0.014

⌘ ⇣
+0.023

�0.013

⌘ ⇣
+0.009

�0.003

⌘ ⇣
+0.011

�0.004

⌘ ⇣
+0.003

�0.001

⌘ ⇣
+0.024

�0.013

⌘ ⇣
+0.020

�0.012

⌘ ⇣
+0.010

�0.004

⌘ ⇣
+0.009

�0.004

⌘ ⇣
+0.002

�0.001

⌘

sttH/sggF

0.0067 ±0.0010 0.0220

+0.0068

�0.0057

+0.0055

�0.0048

+0.0031

�0.0023

+0.0023

�0.0020

+0.0014

�0.0010

0.0126

+0.0066

�0.0053

+0.0052

�0.0042

+0.0031

�0.0023

+0.0024

�0.0020

+0.0013

�0.0007

0.0340

+0.0158

�0.0116

+0.0121

�0.0097

+0.0085

�0.0051

+0.0048

�0.0036

+0.0026

�0.0015⇣
+0.0042

�0.0035

⌘ ⇣
+0.0033

�0.0027

⌘ ⇣
+0.0018

�0.0013

⌘ ⇣
+0.0020

�0.0019

⌘ ⇣
+0.0005

�0.0003

⌘ ⇣
+0.0061

�0.0045

⌘ ⇣
+0.0047

�0.0035

⌘ ⇣
+0.0026

�0.0017

⌘ ⇣
+0.0027

�0.0022

⌘ ⇣
+0.0008

�0.0004

⌘ ⇣
+0.0066

�0.0054

⌘ ⇣
+0.0051

�0.0038

⌘ ⇣
+0.0027

�0.0016

⌘ ⇣
+0.0032

�0.0034

⌘ ⇣
+0.0006

�0.0002

⌘

B

WW
/B

ZZ
8.09 ± < 0.01 6.7

+1.6

�1.3

+1.5

�1.2

+0.4

�0.3

+0.4

�0.3

+0.3

�0.2

6.5

+2.1

�1.6

+2.0

�1.4

+0.6

�0.4

+0.5

�0.4

+0.3

�0.2

7.1

+2.9

�2.1

+2.6

�1.8

+1.0

�0.7

+0.7

�0.5

+0.4

�0.3⇣
+2.2

�1.7

⌘ ⇣
+2.0

�1.6

⌘ ⇣
+0.7

�0.5

⌘ ⇣
+0.5

�0.4

⌘ ⇣
+0.3

�0.2

⌘ ⇣
+3.5

�2.4

⌘ ⇣
+3.3

�2.2

⌘ ⇣
+0.9

�0.6

⌘ ⇣
+0.8

�0.6

⌘ ⇣
+0.4

�0.3

⌘ ⇣
+3.2

�2.2

⌘ ⇣
+2.9

�2.0

⌘ ⇣
+1.1

�0.8

⌘ ⇣
+0.7

�0.5

⌘ ⇣
+0.5

�0.4

⌘

B

gg
/B

ZZ
0.0854 ±0.0010 0.069

+0.018

�0.014

+0.018

�0.014

+0.003

�0.002

+0.002

�0.001

+0.002

�0.002

0.062

+0.024

�0.018

+0.023

�0.017

+0.007

�0.004

+0.002

�0.001

+0.003

�0.002

0.079

+0.034

�0.023

+0.032

�0.023

+0.009

�0.005

+0.003

�0.002

+0.004

�0.003⇣
+0.025

�0.019

⌘ ⇣
+0.024

�0.019

⌘ ⇣
+0.005

�0.003

⌘ ⇣
+0.002

�0.001

⌘ ⇣
+0.003

�0.002

⌘ ⇣
+0.040

�0.027

⌘ ⇣
+0.039

�0.027

⌘ ⇣
+0.008

�0.005

⌘ ⇣
+0.003

�0.002

⌘ ⇣
+0.004

�0.003

⌘ ⇣
+0.035

�0.025

⌘ ⇣
+0.034

�0.024

⌘ ⇣
+0.007

�0.004

⌘ ⇣
+0.002

�0.001

⌘ ⇣
+0.004

�0.003

⌘

B

tt
/B

ZZ
2.36 ±0.05 1.77

+0.59

�0.46

+0.52

�0.41

+0.27

�0.20

+0.05

�0.04

+0.06

�0.04

2.17

+1.07

�0.74

+0.89

�0.64

+0.53

�0.35

+0.16

�0.10

+0.17

�0.09

1.56

+0.90

�0.61

+0.78

�0.54

+0.45

�0.26

+0.07

�0.05

+0.07

�0.04⇣
+0.90

�0.68

⌘ ⇣
+0.75

�0.58

⌘ ⇣
+0.47

�0.33

⌘ ⇣
+0.08

�0.06

⌘ ⇣
+0.10

�0.06

⌘ ⇣
+1.54

�0.98

⌘ ⇣
+1.30

�0.86

⌘ ⇣
+0.76

�0.44

⌘ ⇣
+0.22

�0.12

⌘ ⇣
+0.22

�0.10

⌘ ⇣
+1.23

�0.86

⌘ ⇣
+1.03

�0.73

⌘ ⇣
+0.66

�0.44

⌘ ⇣
+0.04

�0.03

⌘ ⇣
+0.12

�0.07

⌘

B

bb
/B

ZZ
21.5 ±1.0 4.2

+4.4

�2.6

+2.8

�2.0

+2.3

�1.1

+2.5

�1.2

+0.4

�0.2

9.6

+10.1

�5.7

+7.4
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