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Including Systematics and 
New ways to Publishing - are they useful?
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Modern statistics -- how can we gain some intuition?

Number of ATLAS talks by year
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What’s the Model
Beyond just providing histograms, any inference that we do 
will bring in some type of model for the data.
‣ What are the models in these two specific examples?
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where the ai are the parameters used to parameterize the fake-tau background and ! represents all nui-680

sance parameters of the model: "H ,mZ,"Z,rQCD,a1,a2,a3. When using the alternate parameterization681

of the signal, the exact form of Equation 14 is modified to coincide with parameters of that model.682

Figure 14 shows the fit to the signal candidates for a mH = 120 GeV Higg with (a,c) and without683

(b,d) the signal contribution. It can be seen that the background shapes and normalizations are trying to684

accommodate the excess near m## = 120 GeV, but the control samples are constraining the variation.685

Table 13 shows the significance calculated from the profile likelihood ratio for the ll-channel, the lh-686

channel, and the combined fit for various Higgs boson masses.687
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Figure 14: Example fits to a data sample with the signal-plus-background (a,c) and background only

(b,d) models for the lh- and ll-channels at mH = 120 GeV with 30 fb−1 of data. Not shown are the

control samples that were fit simultaneously to constrain the background shape. These samples do not

include pileup.
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A graphical representation
Here is a graphical representation 
of this model that outlines its 
structural relationships

‣ Functions
‣ Parameters of Interest
‣ Nuisance Parameters
‣ Observable

3

P

Triangle
Smearing / 

Transfer

P (mll|mχ̃0
1
, mχ̃0

2
, ml̃, σ) = Triangle(mtrue

ll , medge
ll (mχ̃0

1
, mχ̃0

2
, m))⊕ Smearing(mtrue

ll , mll)

medge
ll = mχ̃0

2

√√√√1−
(

ml̃

mχ̃0
2

)2
√

1−
(

mχ̃0
1

ml̃

)2

Thursday, February 26, 2009



Kyle Cranmer (NYU) Heidelberg, February 26, 2009

 (GeV)γγM
100 105 110 115 120 125 130 135 140

A
rb

itr
a
ry

 u
n
its

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

γAt least 1 converted 

0.01) GeV±Mean=(119.72

0.01) GeV±=(1.42σ

ATLAS

ATLAS fits to the       spectrum are 
categorized by the number of jets x 
conversion status x rapidity region
Similar sensitivity as CMS result
Complex model represented by this graph 
(automatically generated by RooFit/RooStats)
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RooGaussian
Signalcsthstr_2_{etaGood;noConv;jet}

RooAddPdf
Signal_pT_{etaGood;noConv;jet}

RooBifurGauss
SignalpT_1_{etaGood;noConv;jet}

RooRealVar
sig_pt0_1_jet

RooRealVar
sig_ptSigmaL_1_jet

RooRealVar
sig_ptSigmaR_1_jet

RooGaussian
SignalpT_2_{etaGood;noConv;jet}

RooRealVar
sig_pt0_2_jet

RooRealVar
sig_ptSigma_2_jet

RooGaussian
SignalpT_3_{etaGood;noConv;jet}

RooRealVar
sig_pt0_3_jet

RooRealVar
sig_ptSigma_3_jet

RooRealVar
sig_ptRelNorm_1_jet

RooRealVar
sig_ptRelNorm_2_jet

RooRealVar
n_Background_{etaGood;noConv;jet}

RooFormulaVar
nCat_Signal_{etaGood;noConv;jet}_reparametrized_hgg

RooRealVar
f_Signal_{etaGood;noConv;jet}

RooAddPdf
sumPdf_{etaMed;noConv;jet}_reparametrized_hgg

RooProdPdf
Background_{etaMed;noConv;jet}

Hfitter::MggBkgPdf
Background_mgg_{etaMed;noConv;jet}

RooAddPdf
Background_cosThStar_{etaMed;noConv;jet}

RooGaussian
Background_bump_cosThStar_1_{etaMed;noConv;jet}

RooRealVar
bkg_csth01_{etaMed;jet}

RooRealVar
bkg_csthSigma1_{etaMed;jet}

Hfitter::HftPeggedPoly
Background_poly_cosThStar_{etaMed;noConv;jet}

RooRealVar
bkg_csthPower_{etaMed;jet}

RooRealVar
bkg_csthCoef1_{etaMed;jet}

RooRealVar
bkg_csthCoef2_{etaMed;jet}

RooRealVar
bkg_csthCoef4_{etaMed;jet}

RooRealVar
bkg_csthCoef6_{etaMed;jet}

RooRealVar
bkg_csthRelNorm1_{etaMed;jet}

RooAddPdf
Background_pT_{etaMed;noConv;jet}

Hfitter::HftPolyExp
Background_pT_2_{etaMed;noConv;jet}

Hfitter::HftPolyExp
Background_pT_1_{etaMed;noConv;jet}

RooProdPdf
Signal_{etaMed;noConv;jet}

RooAddPdf
Signal_mgg_{etaMed;noConv;jet}

RooCBShape
Signal_mgg_Peak_{etaMed;noConv;jet}

RooFormulaVar
mHiggsFormula_{etaMed;noConv;jet}

RooAddPdf
Signal_cosThStar_{etaMed;noConv;jet}

RooGaussian
Signalcsthstr_1_{etaMed;noConv;jet}

RooRealVar
sig_csthstr0_1_{etaMed;jet}

RooGaussian
Signalcsthstr_2_{etaMed;noConv;jet}

RooRealVar
sig_csthstr0_2_{etaMed;jet}

RooRealVar
sig_csthstrRelNorm_1_{etaMed;jet}

RooAddPdf
Signal_pT_{etaMed;noConv;jet}

RooBifurGauss
SignalpT_1_{etaMed;noConv;jet}

RooGaussian
SignalpT_2_{etaMed;noConv;jet}

RooGaussian
SignalpT_3_{etaMed;noConv;jet}

RooRealVar
n_Background_{etaMed;noConv;jet}

RooFormulaVar
nCat_Signal_{etaMed;noConv;jet}_reparametrized_hgg

RooRealVar
f_Signal_{etaMed;noConv;jet}

RooAddPdf
sumPdf_{etaBad;noConv;jet}_reparametrized_hgg

RooProdPdf
Background_{etaBad;noConv;jet}

Hfitter::MggBkgPdf
Background_mgg_{etaBad;noConv;jet}

RooAddPdf
Background_cosThStar_{etaBad;noConv;jet}

RooGaussian
Background_bump_cosThStar_1_{etaBad;noConv;jet}

RooRealVar
bkg_csth01_{etaBad;jet}

RooRealVar
bkg_csthSigma1_{etaBad;jet}

Hfitter::HftPeggedPoly
Background_poly_cosThStar_{etaBad;noConv;jet}

RooRealVar
bkg_csthPower_{etaBad;jet}

RooRealVar
bkg_csthCoef1_{etaBad;jet}

RooRealVar
bkg_csthCoef2_{etaBad;jet}

RooRealVar
bkg_csthCoef4_{etaBad;jet}

RooRealVar
bkg_csthCoef6_{etaBad;jet}

RooRealVar
bkg_csthRelNorm1_{etaBad;jet}

RooAddPdf
Background_pT_{etaBad;noConv;jet}

Hfitter::HftPolyExp
Background_pT_2_{etaBad;noConv;jet}

Hfitter::HftPolyExp
Background_pT_1_{etaBad;noConv;jet}

RooProdPdf
Signal_{etaBad;noConv;jet}

RooAddPdf
Signal_mgg_{etaBad;noConv;jet}

RooCBShape
Signal_mgg_Peak_{etaBad;noConv;jet}

RooFormulaVar
mHiggsFormula_{etaBad;noConv;jet}

RooAddPdf
Signal_cosThStar_{etaBad;noConv;jet}

RooGaussian
Signalcsthstr_1_{etaBad;noConv;jet}

RooRealVar
sig_csthstr0_1_{etaBad;jet}

RooGaussian
Signalcsthstr_2_{etaBad;noConv;jet}

RooRealVar
sig_csthstr0_2_{etaBad;jet}

RooRealVar
sig_csthstrRelNorm_1_{etaBad;jet}

RooAddPdf
Signal_pT_{etaBad;noConv;jet}

RooBifurGauss
SignalpT_1_{etaBad;noConv;jet}

RooGaussian
SignalpT_2_{etaBad;noConv;jet}

RooGaussian
SignalpT_3_{etaBad;noConv;jet}

RooRealVar
n_Background_{etaBad;noConv;jet}

RooFormulaVar
nCat_Signal_{etaBad;noConv;jet}_reparametrized_hgg

RooRealVar
f_Signal_{etaBad;noConv;jet}

RooAddPdf
sumPdf_{etaMed;Conv;jet}_reparametrized_hgg

RooProdPdf
Background_{etaMed;Conv;jet}

Hfitter::MggBkgPdf
Background_mgg_{etaMed;Conv;jet}

RooAddPdf
Background_cosThStar_{etaMed;Conv;jet}

RooGaussian
Background_bump_cosThStar_1_{etaMed;Conv;jet}

Hfitter::HftPeggedPoly
Background_poly_cosThStar_{etaMed;Conv;jet}

RooAddPdf
Background_pT_{etaMed;Conv;jet}

Hfitter::HftPolyExp
Background_pT_2_{etaMed;Conv;jet}

Hfitter::HftPolyExp
Background_pT_1_{etaMed;Conv;jet}

RooProdPdf
Signal_{etaMed;Conv;jet}

RooAddPdf
Signal_mgg_{etaMed;Conv;jet}

RooCBShape
Signal_mgg_Peak_{etaMed;Conv;jet}

RooFormulaVar
mHiggsFormula_{etaMed;Conv;jet}

RooAddPdf
Signal_cosThStar_{etaMed;Conv;jet}

RooGaussian
Signalcsthstr_1_{etaMed;Conv;jet}

RooGaussian
Signalcsthstr_2_{etaMed;Conv;jet}

RooAddPdf
Signal_pT_{etaMed;Conv;jet}

RooBifurGauss
SignalpT_1_{etaMed;Conv;jet}

RooGaussian
SignalpT_2_{etaMed;Conv;jet}

RooGaussian
SignalpT_3_{etaMed;Conv;jet}

RooRealVar
n_Background_{etaMed;Conv;jet}

RooFormulaVar
nCat_Signal_{etaMed;Conv;jet}_reparametrized_hgg

RooRealVar
f_Signal_{etaMed;Conv;jet}

RooAddPdf
sumPdf_{etaBad;Conv;jet}_reparametrized_hgg

RooProdPdf
Background_{etaBad;Conv;jet}

Hfitter::MggBkgPdf
Background_mgg_{etaBad;Conv;jet}

RooAddPdf
Background_cosThStar_{etaBad;Conv;jet}

RooGaussian
Background_bump_cosThStar_1_{etaBad;Conv;jet}

Hfitter::HftPeggedPoly
Background_poly_cosThStar_{etaBad;Conv;jet}

RooAddPdf
Background_pT_{etaBad;Conv;jet}

Hfitter::HftPolyExp
Background_pT_2_{etaBad;Conv;jet}

Hfitter::HftPolyExp
Background_pT_1_{etaBad;Conv;jet}

RooProdPdf
Signal_{etaBad;Conv;jet}

RooAddPdf
Signal_mgg_{etaBad;Conv;jet}

RooCBShape
Signal_mgg_Peak_{etaBad;Conv;jet}

RooFormulaVar
mHiggsFormula_{etaBad;Conv;jet}

RooAddPdf
Signal_cosThStar_{etaBad;Conv;jet}

RooGaussian
Signalcsthstr_1_{etaBad;Conv;jet}

RooGaussian
Signalcsthstr_2_{etaBad;Conv;jet}

RooAddPdf
Signal_pT_{etaBad;Conv;jet}

RooBifurGauss
SignalpT_1_{etaBad;Conv;jet}

RooGaussian
SignalpT_2_{etaBad;Conv;jet}

RooGaussian
SignalpT_3_{etaBad;Conv;jet}

RooRealVar
n_Background_{etaBad;Conv;jet}

RooFormulaVar
nCat_Signal_{etaBad;Conv;jet}_reparametrized_hgg

RooRealVar
f_Signal_{etaBad;Conv;jet}

RooAddPdf
sumPdf_{etaGood;noConv;vbf}_reparametrized_hgg

RooProdPdf
Background_{etaGood;noConv;vbf}

Hfitter::MggBkgPdf
Background_mgg_{etaGood;noConv;vbf}

RooRealVar
xi_vbf

RooAddPdf
Background_cosThStar_{etaGood;noConv;vbf}

RooGaussian
Background_bump_cosThStar_1_{etaGood;noConv;vbf}

RooRealVar
bkg_csth01_{etaGood;vbf}

RooRealVar
bkg_csthSigma1_{etaGood;vbf}

Hfitter::HftPeggedPoly
Background_poly_cosThStar_{etaGood;noConv;vbf}

RooRealVar
bkg_csthPower_{etaGood;vbf}

RooRealVar
bkg_csthCoef1_{etaGood;vbf}

RooRealVar
bkg_csthCoef2_{etaGood;vbf}

RooRealVar
bkg_csthCoef4_{etaGood;vbf}

RooRealVar
bkg_csthCoef6_{etaGood;vbf}

RooRealVar
bkg_csthRelNorm1_{etaGood;vbf}

RooAddPdf
Background_pT_{etaGood;noConv;vbf}

Hfitter::HftPolyExp
Background_pT_2_{etaGood;noConv;vbf}

RooRealVar
bkg_ptPow2_vbf

RooRealVar
bkg_ptExp2_vbf

Hfitter::HftPolyExp
Background_pT_1_{etaGood;noConv;vbf}

RooRealVar
bkg_ptPow1_vbf

RooRealVar
bkg_ptExp1_vbf

RooRealVar
bkg_ptTail1Norm_vbf

RooProdPdf
Signal_{etaGood;noConv;vbf}

RooAddPdf
Signal_mgg_{etaGood;noConv;vbf}

RooCBShape
Signal_mgg_Peak_{etaGood;noConv;vbf}

RooFormulaVar
mHiggsFormula_{etaGood;noConv;vbf}

RooAddPdf
Signal_cosThStar_{etaGood;noConv;vbf}

RooGaussian
Signalcsthstr_1_{etaGood;noConv;vbf}

RooRealVar
sig_csthstr0_1_{etaGood;vbf}

RooGaussian
Signalcsthstr_2_{etaGood;noConv;vbf}

RooRealVar
sig_csthstr0_2_{etaGood;vbf}

RooRealVar
sig_csthstrRelNorm_1_{etaGood;vbf}

RooAddPdf
Signal_pT_{etaGood;noConv;vbf}

RooBifurGauss
SignalpT_1_{etaGood;noConv;vbf}

RooRealVar
sig_pt0_1_vbf

RooRealVar
sig_ptSigmaL_1_vbf

RooRealVar
sig_ptSigmaR_1_vbf

RooGaussian
SignalpT_2_{etaGood;noConv;vbf}

RooRealVar
sig_pt0_2_vbf

RooRealVar
sig_ptSigma_2_vbf

RooGaussian
SignalpT_3_{etaGood;noConv;vbf}

RooRealVar
sig_pt0_3_vbf

RooRealVar
sig_ptSigma_3_vbf

RooRealVar
sig_ptRelNorm_1_vbf

RooRealVar
sig_ptRelNorm_2_vbf

RooRealVar
n_Background_{etaGood;noConv;vbf}

RooFormulaVar
nCat_Signal_{etaGood;noConv;vbf}_reparametrized_hgg

RooRealVar
f_Signal_{etaGood;noConv;vbf}

RooAddPdf
sumPdf_{etaMed;noConv;vbf}_reparametrized_hgg

RooProdPdf
Background_{etaMed;noConv;vbf}

Hfitter::MggBkgPdf
Background_mgg_{etaMed;noConv;vbf}

RooAddPdf
Background_cosThStar_{etaMed;noConv;vbf}

RooGaussian
Background_bump_cosThStar_1_{etaMed;noConv;vbf}

RooRealVar
bkg_csth01_{etaMed;vbf}

RooRealVar
bkg_csthSigma1_{etaMed;vbf}

Hfitter::HftPeggedPoly
Background_poly_cosThStar_{etaMed;noConv;vbf}

RooRealVar
bkg_csthPower_{etaMed;vbf}

RooRealVar
bkg_csthCoef1_{etaMed;vbf}

RooRealVar
bkg_csthCoef2_{etaMed;vbf}

RooRealVar
bkg_csthCoef4_{etaMed;vbf}

RooRealVar
bkg_csthCoef6_{etaMed;vbf}

RooRealVar
bkg_csthRelNorm1_{etaMed;vbf}

RooAddPdf
Background_pT_{etaMed;noConv;vbf}

Hfitter::HftPolyExp
Background_pT_2_{etaMed;noConv;vbf}

Hfitter::HftPolyExp
Background_pT_1_{etaMed;noConv;vbf}

RooProdPdf
Signal_{etaMed;noConv;vbf}

RooAddPdf
Signal_mgg_{etaMed;noConv;vbf}

RooCBShape
Signal_mgg_Peak_{etaMed;noConv;vbf}

RooFormulaVar
mHiggsFormula_{etaMed;noConv;vbf}

RooAddPdf
Signal_cosThStar_{etaMed;noConv;vbf}

RooGaussian
Signalcsthstr_1_{etaMed;noConv;vbf}

RooRealVar
sig_csthstr0_1_{etaMed;vbf}

RooGaussian
Signalcsthstr_2_{etaMed;noConv;vbf}

RooRealVar
sig_csthstr0_2_{etaMed;vbf}

RooRealVar
sig_csthstrRelNorm_1_{etaMed;vbf}

RooAddPdf
Signal_pT_{etaMed;noConv;vbf}

RooBifurGauss
SignalpT_1_{etaMed;noConv;vbf}

RooGaussian
SignalpT_2_{etaMed;noConv;vbf}

RooGaussian
SignalpT_3_{etaMed;noConv;vbf}

RooRealVar
n_Background_{etaMed;noConv;vbf}

RooFormulaVar
nCat_Signal_{etaMed;noConv;vbf}_reparametrized_hgg

RooRealVar
f_Signal_{etaMed;noConv;vbf}

RooAddPdf
sumPdf_{etaBad;noConv;vbf}_reparametrized_hgg

RooProdPdf
Background_{etaBad;noConv;vbf}

Hfitter::MggBkgPdf
Background_mgg_{etaBad;noConv;vbf}

RooAddPdf
Background_cosThStar_{etaBad;noConv;vbf}

RooGaussian
Background_bump_cosThStar_1_{etaBad;noConv;vbf}

RooRealVar
bkg_csth01_{etaBad;vbf}

RooRealVar
bkg_csthSigma1_{etaBad;vbf}

Hfitter::HftPeggedPoly
Background_poly_cosThStar_{etaBad;noConv;vbf}

RooRealVar
bkg_csthPower_{etaBad;vbf}

RooRealVar
bkg_csthCoef1_{etaBad;vbf}

RooRealVar
bkg_csthCoef2_{etaBad;vbf}

RooRealVar
bkg_csthCoef4_{etaBad;vbf}

RooRealVar
bkg_csthCoef6_{etaBad;vbf}

RooRealVar
bkg_csthRelNorm1_{etaBad;vbf}

RooAddPdf
Background_pT_{etaBad;noConv;vbf}

Hfitter::HftPolyExp
Background_pT_2_{etaBad;noConv;vbf}

Hfitter::HftPolyExp
Background_pT_1_{etaBad;noConv;vbf}

RooProdPdf
Signal_{etaBad;noConv;vbf}

RooAddPdf
Signal_mgg_{etaBad;noConv;vbf}

RooCBShape
Signal_mgg_Peak_{etaBad;noConv;vbf}

RooFormulaVar
mHiggsFormula_{etaBad;noConv;vbf}

RooAddPdf
Signal_cosThStar_{etaBad;noConv;vbf}

RooGaussian
Signalcsthstr_1_{etaBad;noConv;vbf}

RooRealVar
sig_csthstr0_1_{etaBad;vbf}

RooGaussian
Signalcsthstr_2_{etaBad;noConv;vbf}

RooRealVar
sig_csthstr0_2_{etaBad;vbf}

RooRealVar
sig_csthstrRelNorm_1_{etaBad;vbf}

RooAddPdf
Signal_pT_{etaBad;noConv;vbf}

RooBifurGauss
SignalpT_1_{etaBad;noConv;vbf}

RooGaussian
SignalpT_2_{etaBad;noConv;vbf}

RooGaussian
SignalpT_3_{etaBad;noConv;vbf}

RooRealVar
n_Background_{etaBad;noConv;vbf}

RooFormulaVar
nCat_Signal_{etaBad;noConv;vbf}_reparametrized_hgg

RooRealVar
f_Signal_{etaBad;noConv;vbf}

RooAddPdf
sumPdf_{etaGood;Conv;vbf}_reparametrized_hgg

RooProdPdf
Background_{etaGood;Conv;vbf}

Hfitter::MggBkgPdf
Background_mgg_{etaGood;Conv;vbf}

RooAddPdf
Background_cosThStar_{etaGood;Conv;vbf}

RooGaussian
Background_bump_cosThStar_1_{etaGood;Conv;vbf}

Hfitter::HftPeggedPoly
Background_poly_cosThStar_{etaGood;Conv;vbf}

RooAddPdf
Background_pT_{etaGood;Conv;vbf}

Hfitter::HftPolyExp
Background_pT_2_{etaGood;Conv;vbf}

Hfitter::HftPolyExp
Background_pT_1_{etaGood;Conv;vbf}

RooProdPdf
Signal_{etaGood;Conv;vbf}

RooAddPdf
Signal_mgg_{etaGood;Conv;vbf}

RooCBShape
Signal_mgg_Peak_{etaGood;Conv;vbf}

RooFormulaVar
mHiggsFormula_{etaGood;Conv;vbf}

RooAddPdf
Signal_cosThStar_{etaGood;Conv;vbf}

RooGaussian
Signalcsthstr_1_{etaGood;Conv;vbf}

RooGaussian
Signalcsthstr_2_{etaGood;Conv;vbf}

RooAddPdf
Signal_pT_{etaGood;Conv;vbf}

RooBifurGauss
SignalpT_1_{etaGood;Conv;vbf}

RooGaussian
SignalpT_2_{etaGood;Conv;vbf}

RooGaussian
SignalpT_3_{etaGood;Conv;vbf}

RooRealVar
n_Background_{etaGood;Conv;vbf}

RooFormulaVar
nCat_Signal_{etaGood;Conv;vbf}_reparametrized_hgg

RooRealVar
f_Signal_{etaGood;Conv;vbf}

RooAddPdf
sumPdf_{etaMed;Conv;vbf}_reparametrized_hgg

RooProdPdf
Background_{etaMed;Conv;vbf}

Hfitter::MggBkgPdf
Background_mgg_{etaMed;Conv;vbf}

RooAddPdf
Background_cosThStar_{etaMed;Conv;vbf}

RooGaussian
Background_bump_cosThStar_1_{etaMed;Conv;vbf}

Hfitter::HftPeggedPoly
Background_poly_cosThStar_{etaMed;Conv;vbf}

RooAddPdf
Background_pT_{etaMed;Conv;vbf}

Hfitter::HftPolyExp
Background_pT_2_{etaMed;Conv;vbf}

Hfitter::HftPolyExp
Background_pT_1_{etaMed;Conv;vbf}

RooProdPdf
Signal_{etaMed;Conv;vbf}

RooAddPdf
Signal_mgg_{etaMed;Conv;vbf}

RooCBShape
Signal_mgg_Peak_{etaMed;Conv;vbf}

RooFormulaVar
mHiggsFormula_{etaMed;Conv;vbf}

RooAddPdf
Signal_cosThStar_{etaMed;Conv;vbf}

RooGaussian
Signalcsthstr_1_{etaMed;Conv;vbf}

RooGaussian
Signalcsthstr_2_{etaMed;Conv;vbf}

RooAddPdf
Signal_pT_{etaMed;Conv;vbf}

RooBifurGauss
SignalpT_1_{etaMed;Conv;vbf}

RooGaussian
SignalpT_2_{etaMed;Conv;vbf}

RooGaussian
SignalpT_3_{etaMed;Conv;vbf}

RooRealVar
n_Background_{etaMed;Conv;vbf}

RooFormulaVar
nCat_Signal_{etaMed;Conv;vbf}_reparametrized_hgg

RooRealVar
f_Signal_{etaMed;Conv;vbf}

RooAddPdf
sumPdf_{etaBad;Conv;vbf}_reparametrized_hgg

RooProdPdf
Background_{etaBad;Conv;vbf}

Hfitter::MggBkgPdf
Background_mgg_{etaBad;Conv;vbf}

RooAddPdf
Background_cosThStar_{etaBad;Conv;vbf}

RooGaussian
Background_bump_cosThStar_1_{etaBad;Conv;vbf}

Hfitter::HftPeggedPoly
Background_poly_cosThStar_{etaBad;Conv;vbf}

RooAddPdf
Background_pT_{etaBad;Conv;vbf}

Hfitter::HftPolyExp
Background_pT_2_{etaBad;Conv;vbf}

Hfitter::HftPolyExp
Background_pT_1_{etaBad;Conv;vbf}

RooProdPdf
Signal_{etaBad;Conv;vbf}

RooAddPdf
Signal_mgg_{etaBad;Conv;vbf}

RooCBShape
Signal_mgg_Peak_{etaBad;Conv;vbf}

RooFormulaVar
mHiggsFormula_{etaBad;Conv;vbf}

RooAddPdf
Signal_cosThStar_{etaBad;Conv;vbf}

RooGaussian
Signalcsthstr_1_{etaBad;Conv;vbf}

RooGaussian
Signalcsthstr_2_{etaBad;Conv;vbf}

RooAddPdf
Signal_pT_{etaBad;Conv;vbf}

RooBifurGauss
SignalpT_1_{etaBad;Conv;vbf}

RooGaussian
SignalpT_2_{etaBad;Conv;vbf}

RooGaussian
SignalpT_3_{etaBad;Conv;vbf}

RooRealVar
n_Background_{etaBad;Conv;vbf}

RooFormulaVar
nCat_Signal_{etaBad;Conv;vbf}_reparametrized_hgg

RooRealVar
f_Signal_{etaBad;Conv;vbf}

RooRealVar
bkg_csthPower_{etaGood;jet}

RooRealVar
bkg_csthCoef1_{etaGood;jet}

RooRealVar
bkg_csthCoef2_{etaGood;jet}

RooRealVar
bkg_csthCoef4_{etaGood;jet}

RooRealVar
bkg_csthCoef6_{etaGood;jet}

RooRealVar
bkg_ptPow2_jet

RooRealVar
bkg_ptExp2_jet

RooRealVar
bkg_ptTail1Norm_jet

RooRealVar
sig_csthstr0_1_{etaGood;jet}

RooRealVar
sig_csthstr0_2_{etaGood;jet}

RooRealVar
sig_csthstrRelNorm_1_{etaGood;jet}

RooAddPdf
sumPdf_{etaGood;Conv;jet}_reparametrized_hgg

RooProdPdf
Background_{etaGood;Conv;jet}

Hfitter::MggBkgPdf
Background_mgg_{etaGood;Conv;jet}

RooAddPdf
Background_cosThStar_{etaGood;Conv;jet}

RooGaussian
Background_bump_cosThStar_1_{etaGood;Conv;jet}

Hfitter::HftPeggedPoly
Background_poly_cosThStar_{etaGood;Conv;jet}

RooAddPdf
Background_pT_{etaGood;Conv;jet}

Hfitter::HftPolyExp
Background_pT_2_{etaGood;Conv;jet}

Hfitter::HftPolyExp
Background_pT_1_{etaGood;Conv;jet}

RooProdPdf
Signal_{etaGood;Conv;jet}

RooAddPdf
Signal_mgg_{etaGood;Conv;jet}

RooCBShape
Signal_mgg_Peak_{etaGood;Conv;jet}

RooFormulaVar
mHiggsFormula_{etaGood;Conv;jet}

RooAddPdf
Signal_cosThStar_{etaGood;Conv;jet}

RooGaussian
Signalcsthstr_1_{etaGood;Conv;jet}

RooGaussian
Signalcsthstr_2_{etaGood;Conv;jet}

RooAddPdf
Signal_pT_{etaGood;Conv;jet}

RooBifurGauss
SignalpT_1_{etaGood;Conv;jet}

RooGaussian
SignalpT_2_{etaGood;Conv;jet}

RooGaussian
SignalpT_3_{etaGood;Conv;jet}

RooRealVar
n_Background_{etaGood;Conv;jet}

RooFormulaVar
nCat_Signal_{etaGood;Conv;jet}_reparametrized_hgg

RooRealVar
f_Signal_{etaGood;Conv;jet}
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Matrix-element likelihood: 
Calculate probability directly

   P(event z | SM) = P (z | process A) + P(z | process B) + ….

where

   P( z | A ) = ! dy |MA|
2 fpfp fTF(y,z)

Parton(y) to detector(z) transfer function (TF)
  describes parton-shower and
  detector response in parametrized
  form (Issue 2)

Matrix-element*PDFs for process A (Issue 2)

Integration over parton-level quantities

 =  d"#/dz

Prediction via Monte Carlo Simulation

The enormous detectors are still being constructed, but we have detailed
simulations of the detectors response.

L(x|H0) =
W

W

H
µ+

µ−

⊕

The advancements in theoretical predictions, detector simulation, tracking,
calorimetry, triggering, and computing set the bar high for equivalent
advances in our statistical treatment of the data.

September 13, 2005
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With the same di-lepton mass 
distribution, we can either:
‣ relate edge according to:

‣ incorporate matrix element 
techniques
● naturally, could include more 

kinematic info -> more power.
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Matrix Element vs. Purely Kinematic Features
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Figure 2: Parton-level two-dimensional invariant mass-squared distribution for decay chain
Eqn. (2.2) for the SPS1a benchmark model showing m2

qll − m2
ll plotted against m2

ll. See text
for explanation of bounds.

The most familiar example of such a technique is that used to obtain the mmin
qll end-

point discussed above. The correlation between mqll and mll can be observed by plotting

m2
qll −m2

ll against m2
ll, shown at parton-level in Figure 2 for the SPS1a benchmark model.

The vertical kinematic bound in this figure is provided by mmax
ll (right-hand vertical line),

while the minimum of the one-dimensional distribution obtained by integrating along the

m2
ll axis to the right of the left-hand vertical line measures (mmin

qll )2 − (mmax
ll )2/2.

The curved bounds in Figure 2 may be obtained from the general formula for the end-

points in the invariant mass distribution of two heavy visible decay products a and b of a

two-step sequential two-body decay chain γ → βb → αab (c.f. Eqn. (2.1)):

(

mbound(ma,mb)
ab

)2
= m2

a + m2
b +

1

2m2
β

[

(

m2
β − m2

α + m2
a

)(

m2
γ − m2

β − m2
b

)

±
√

λ(mβ,mα,ma)λ(mγ ,mβ,mb)
]

, (4.1)

where

λ(mi,mj,mk) ≡
(

m2
i − m2

j + m2
k

)2 − 4m2
i m

2
k. (4.2)

When a ≡ ll and b ≡ q and mb = 0 this equation may be simplified to give:

(

mbound(mll)
qll

)2
= m2

ll +

(

m2
q̃L

− m2
χ̃0

2

)

2m2
χ̃0

2

(

m2
χ̃0

2
− m2

χ̃0
1
+ m2

ll ±
√

λ(mχ̃0
2
,mχ̃0

1
,mll)

)

, (4.3)

where the positive root corresponds to the usual expression for the ‘mmax
Xq ’ end-point with

X ≡ ll [1]. The two roots of this equation correspond to the upper and lower curved
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Tuesday, we had a nice discussion about unifying 
kinematic features (eg. edges, MT2, hybrid method, 
etc.) in terms of likelihood-ratio inspired 
observables restricted to boundaries in phase space 
(or other well-defined features)

‣ less dependence on |M|2 across phase space
‣ basically generalizations of Dalitz plots
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Tuesday, we had a nice discussion about unifying 
kinematic features (eg. edges, MT2, hybrid method, 
etc.) in terms of likelihood-ratio inspired 
observables restricted to boundaries in phase space 
(or other well-defined features)

‣ less dependence on |M|2 across phase space
‣ basically generalizations of Dalitz plots
‣ ... I remembered that JP of parent can lead to 

vanishing densities near kinematic endpoints.  
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Tuesday, we had a nice discussion about unifying 
kinematic features (eg. edges, MT2, hybrid method, 
etc.) in terms of likelihood-ratio inspired 
observables restricted to boundaries in phase space 
(or other well-defined features)

‣ less dependence on |M|2 across phase space
‣ basically generalizations of Dalitz plots
‣ ... I remembered that JP of parent can lead to 

vanishing densities near kinematic endpoints.  
‣ Don’t see holes without spin. Could this lead to 

“false endpoints” due to M.E. suppression?
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Data Driven SUSY Background Estimation
Even simple number-counting type 
analyses have a model.
‣ Background is estimated as B/A*C

● simple propagation of errors 
misses across Poisson gives    
non-Gaussian correlations

● Given measurements in A,B,C,D we 
can see contours with clear non-
Gaussian correlations
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Unparticle have models too
While we’ve been talking about Matrix Element methods 
and Feynman-diagram like models for new physics...

... unparticles have models too.

8
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dU = 2
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↑

Figure 1: d ln Γ/dEu versus Eu in units of mt with dU = j/3 for j = 4 to 9. The dashes get longer

as j increases.

The result is shown in figure 1. As dU → 1 from above, d ln(Γ)/dEu becomes more peaked
at Eu = mt/2, matching smoothly unto the kinematics of a 2-particle decay in the limit,
as expected from the general principle (9). Obviously, for higher dU the shape depends
sensitively on du, but at least for dU in this range, the calculation appears to make sense.
The kind of peculiar distributions of missing energy that we see in figure 1 may allow us to
discover unparticles experimentally! The particular operator (10) is flavor changing, and thus
may be suppressed by small and unknown flavor factors. But a similar analysis applies to
scattering processes due to flavor conserving operators. The most interesting straightforward
things to look at I believe are the collider phenomenology of

q + q → G + U and q + G → q + U (18)

from the operators
CU Λk+1−dU

U

Mk
U

q γµ q Oµ
U (19)

where q is a left- or right-handed quark, and the LEP constraints on the operators

CU Λk+1−dU
U

Mk
U

e γµ(1 ± γ5) e Oµ
U (20)

where the unparticle operator is hermitian and transverse,

∂µOµ
U = 0 (21)

The calculation of matrix elements goes the same way except for the tensor structure. For
example

〈0|Oµ
U(0) |P 〉 〈P |Oν

U(0) |0 〉 ρ
(

P 2
)

= AdU θ
(

P 0
)

θ
(

P 2
) (

−gµν + P µP ν/P 2
) (

P 2
)dU−2

(22)

9Chosen for simplicity rather than interest!
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Examples of Published Likelihoods

You can find examples of 
published likelihoods in 1D

In 2-D you  just get the contours
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Eventually, we will aim to publish some likelihood functions of 
measured parameters.
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Likelihood-based Intervals

10

−
2

lo
g

λ
(θ

)

f(−2logλ(θ)|θ) θ

−
2

lo
g

λ
(θ

)
∼

χ
2 n

0

1

2

3

4

5

6

10030 300

mH [GeV]
∆

χ2

Excluded Preliminary

∆αhad =∆α(5)

0.02758±0.00035
0.02749±0.00012
incl. low Q2 data

Theory uncertainty
mLimit = 144 GeV

Let’s recall quickly the logic of limits derived from these types of 
likelihood curves.

A certain value of                   corresponds to a 
We know the     distribution, so we can translate to a 95% limit

−2 log λ(µ) χ2

χ2
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Likelihood-based Intervals
Wilks’s theorem tells us how the 
profile likelihood ratio is 
distributed
‣ asymptotically it is 
‣ there are some restrictions on 
the parametrized family of 
models 
● eg. boundaries & look-elsewhere 

For these limits to be right, the 
model needs to include the ‘true 
distribution’: 
‣ eg. what is actually producing the data
‣ eg. nature + our real detectors

11

−2 log λ(θ)

f
(−

2
lo

g
λ
(θ

)|θ
)

θ

−2 log λ(θ) ∼ χ2
n

χ2
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Systematics, Systematics, Systematics
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Let    be the parameters we are interested in
Let    be the rest of them (nuisance parameters)
Let    be the best fit to the data
Let       be the best fit to the data with    constrained

Consider the profile likelihood ratio

one can see the function is independent of true values of 
‣ though its distribution might depend indirectly

Again, if the model includes the true distribution, then we 
know its distribution:

Incorporating Systematics by “Profiling”

13

ν
ν̂

µ

µ

λ(µ) =
P (data|µ, ˆ̂b(µ), ˆ̂ν(µ))

P (data|µ̂, b̂, ν̂)

ˆ̂ν(µ)

−2 log λ(µ) ∼ χ2
N
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Figure 13: Figure (a) shows that the shapes are similar for these backgrounds and that the shape is stable

in the final stages of the cut flow. The tau-tau invariant mass for tt̄ andW+jets backgrounds after all cuts
for the ll-channel (b)and lh-channel (c) with a fourth order polynomial fit to the spectrum. The solid and

dashed curves show the result of the simultaneous fit to the control sample and signal candidates with

and without the signal contribution, respectively.

likelihood ratio, # ,

# (µ = 0) =
L(data|µ = 0, ˆ̂b(µ = 0), ˆ̂$(µ = 0))

L(data|µ̂, b̂, $̂)
, (12)

where µ represents signal strength in units of the standard model expectation and $ represents the nui-

sance parameters needed to describe the shape. Asymptotically, the distribution of profile likelihood

ratio approaches a "2 distribution with the number of degrees of freedom given by the number of param-

eters of interest. The motivation for µ is that it enforces the relationship of the standard model branching

ratios when combining the individual channels and maintains the distribution of # as a "2 with one de-

gree of freedom. This improves the power compared to a method which lets the signal in each channel

vary independently. Accordingly, results represented in the µ −MH plane should be derived from a "
2

distribution with two degrees of freedom, in which case there is no impact from the “look-elsewhere

effect”. In contrast, if the look-elsewhere effect must be considered if the test mass MH is not explic-

itly fixed; however, the effect is rather small for this channel given the 9 GeV mass resolution and the

∼ 50 GeV mass range of interest.
The likelihood function corresponding to the simultaneous fit is simply a product of the likelihoods

from the individual measurements:

L(data|µ,MH ,$) = Ltrack(track multiplicity|rQCD) (13)

× LZ(Z+ jets control|%Z)
× LQCD(QCD control|a0,a1,a2,a3)
× Ls+b(signal candidates|µ,MH ,%H ,%Z,rQCD,a0,a1,a2,a3),

where the ai are the parameters of the Chebychev polynomial used to parametrize the fake-tau back-

ground and $ represents all nuisance parameters of the model: %H ,%Z,rQCD,a0,a1,a2,a3.
Figure 14 shows the fit to the signal candidates for a MH = 120 GeV Higgs in the lh=channel with

(a) and without (b) the signal contribution. It can be seen that the background shapes and normalizations

are trying to accommodate the excess nearM!! = 120 GeV, but the control samples are constraining the

variation. Table ?? shows the significance calculated from the profile likelihood ratio for the ll-channel,

the lh-channel, and the combined fit for various Higgs masses.

27

An example
Essentially, you need to fit your model to the data twice:
once with everything floating, and once with signal fixed to 0

14

where the ai are the parameters used to parameterize the fake-tau background and ! represents all nui-680

sance parameters of the model: "H ,mZ,"Z,rQCD,a1,a2,a3. When using the alternate parameterization681

of the signal, the exact form of Equation 14 is modified to coincide with parameters of that model.682

Figure 14 shows the fit to the signal candidates for a mH = 120 GeV Higg with (a,c) and without683

(b,d) the signal contribution. It can be seen that the background shapes and normalizations are trying to684

accommodate the excess near m## = 120 GeV, but the control samples are constraining the variation.685

Table 13 shows the significance calculated from the profile likelihood ratio for the ll-channel, the lh-686

channel, and the combined fit for various Higgs boson masses.687
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Figure 14: Example fits to a data sample with the signal-plus-background (a,c) and background only

(b,d) models for the lh- and ll-channels at mH = 120 GeV with 30 fb−1 of data. Not shown are the

control samples that were fit simultaneously to constrain the background shape. These samples do not

include pileup.
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L(data|µ̂, b̂, ν̂) L(data|µ = 0, ˆ̂b, ˆ̂ν)
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Checking Wilks
An recent ATLAS Higgs example:
‣ even with very complicated pdf, distribution looks 
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Figure 13: Figure (a) shows that the shapes are similar for these backgrounds and that the shape is stable

in the final stages of the cut flow. The tau-tau invariant mass for tt̄ andW+jets backgrounds after all cuts
for the ll-channel (b)and lh-channel (c) with a fourth order polynomial fit to the spectrum. The solid and

dashed curves show the result of the simultaneous fit to the control sample and signal candidates with

and without the signal contribution, respectively.

likelihood ratio, # ,

# (µ = 0) =
L(data|µ = 0, ˆ̂b(µ = 0), ˆ̂$(µ = 0))

L(data|µ̂, b̂, $̂)
, (12)

where µ represents signal strength in units of the standard model expectation and $ represents the nui-

sance parameters needed to describe the shape. Asymptotically, the distribution of profile likelihood

ratio approaches a "2 distribution with the number of degrees of freedom given by the number of param-

eters of interest. The motivation for µ is that it enforces the relationship of the standard model branching

ratios when combining the individual channels and maintains the distribution of # as a "2 with one de-

gree of freedom. This improves the power compared to a method which lets the signal in each channel

vary independently. Accordingly, results represented in the µ −MH plane should be derived from a "
2

distribution with two degrees of freedom, in which case there is no impact from the “look-elsewhere

effect”. In contrast, if the look-elsewhere effect must be considered if the test mass MH is not explic-

itly fixed; however, the effect is rather small for this channel given the 9 GeV mass resolution and the

∼ 50 GeV mass range of interest.
The likelihood function corresponding to the simultaneous fit is simply a product of the likelihoods

from the individual measurements:

L(data|µ,MH ,$) = Ltrack(track multiplicity|rQCD) (13)

× LZ(Z+ jets control|%Z)
× LQCD(QCD control|a0,a1,a2,a3)
× Ls+b(signal candidates|µ,MH ,%H ,%Z,rQCD,a0,a1,a2,a3),

where the ai are the parameters of the Chebychev polynomial used to parametrize the fake-tau back-

ground and $ represents all nuisance parameters of the model: %H ,%Z,rQCD,a0,a1,a2,a3.
Figure 14 shows the fit to the signal candidates for a MH = 120 GeV Higgs in the lh=channel with

(a) and without (b) the signal contribution. It can be seen that the background shapes and normalizations

are trying to accommodate the excess nearM!! = 120 GeV, but the control samples are constraining the

variation. Table ?? shows the significance calculated from the profile likelihood ratio for the ll-channel,

the lh-channel, and the combined fit for various Higgs masses.
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Experimentalist Justification
So far this looks a bit like magic.  How can you claim that you 
incorporated your systematic just by fitting the best value of 
your uncertain parameters and making a ratio?
It won’t unless the the parametrization is sufficiently flexible.
So check by varying the settings of your simulation, and see if 
the profile likelihood ratio is still distributed as a chi-square
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Here it is pretty stable, but 
it’s not perfect (and this is 
a log plot, so it hides some 
pretty big discrepancies)

The profile approach works 
asymptotically and only if 
your parametrization is 
sufficiently flexible.
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where the ai are the parameters used to parameterize the fake-tau background and ! represents all nui-680

sance parameters of the model: "H ,mZ,"Z,rQCD,a1,a2,a3. When using the alternate parameterization681

of the signal, the exact form of Equation 14 is modified to coincide with parameters of that model.682

Figure 14 shows the fit to the signal candidates for a mH = 120 GeV Higg with (a,c) and without683

(b,d) the signal contribution. It can be seen that the background shapes and normalizations are trying to684

accommodate the excess near m## = 120 GeV, but the control samples are constraining the variation.685

Table 13 shows the significance calculated from the profile likelihood ratio for the ll-channel, the lh-686

channel, and the combined fit for various Higgs boson masses.687
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Figure 14: Example fits to a data sample with the signal-plus-background (a,c) and background only

(b,d) models for the lh- and ll-channels at mH = 120 GeV with 30 fb−1 of data. Not shown are the

control samples that were fit simultaneously to constrain the background shape. These samples do not

include pileup.
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Simultaneous Fitting Strategy
Simultaneous fit to signal and control samples control 
background shape and normalization from data

17
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Figure 13: Figure (a) shows that the shapes are similar for these backgrounds and that the shape is stable

in the final stages of the cut flow. The tau-tau invariant mass for tt̄ andW+jets backgrounds after all cuts
for the ll-channel (b)and lh-channel (c) with a fourth order polynomial fit to the spectrum. The solid and

dashed curves show the result of the simultaneous fit to the control sample and signal candidates with

and without the signal contribution, respectively.

likelihood ratio, # ,

# (µ = 0) =
L(data|µ̂, b̂, $̂)

L(data|µ = 0, ˆ̂b(µ = 0), ˆ̂$(µ = 0))
, (12)

where µ represents signal strength in units of the standard model expectation and $ represents the nui-

sance parameters needed to describe the shape. Asymptotically, the distribution of profile likelihood

ratio approaches a "2 distribution with the number of degrees of freedom given by the number of param-

eters of interest. The motivation for µ is that it enforces the relationship of the standard model branching

ratios when combining the individual channels and maintains the distribution of # as a "2 with one de-

gree of freedom. This improves the power compared to a method which lets the signal in each channel

vary independently. Accordingly, results represented in the µ −MH plane should be derived from a "
2

distribution with two degrees of freedom, in which case there is no impact from the “look-elsewhere

effect”. In contrast, if the look-elsewhere effect must be considered if the test mass MH is not explic-

itly fixed; however, the effect is rather small for this channel given the 9 GeV mass resolution and the

∼ 50 GeV mass range of interest.
The likelihood function corresponding to the simultaneous fit is simply a product of the likelihoods

from the individual measurements:

L(data|µ,MH ,$) = Ltrack(track multiplicity|rQCD) (13)

× LZ(Z+ jets control|%Z)
× LQCD(QCD control|a0,a1,a2,a3)
× Ls+b(signal candidates|µ,MH ,%H ,%Z,rQCD,a0,a1,a2,a3),

where the ai are the parameters of the Chebychev polynomial used to parametrize the fake-tau back-

ground and $ represents all nuisance parameters of the model: %H ,%Z,rQCD,a0,a1,a2,a3.
Figure 14 shows the fit to the signal candidates for a MH = 120 GeV Higgs in the lh=channel with

(a) and without (b) the signal contribution. It can be seen that the background shapes and normalizations

are trying to accommodate the excess nearM!! = 120 GeV, but the control samples are constraining the

variation. Table ?? shows the significance calculated from the profile likelihood ratio for the ll-channel,

the lh-channel, and the combined fit for various Higgs masses.
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Examples of Published Likelihoods

You can find examples of 
published likelihoods in 1D

In 2-D you  just get the contours
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Surely we can do better!

In statistical meetings for experiments, we agreed to publish 
likelihood functions
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Publishing Likelihood Maps
From existing measurements, several groups 
have done weather forecasting for LHC: 
‣ KISMET publishing full likelihood maps 

http://users.hepforge.org/~allanach/benchmarks/kismet.html 
‣ Ideally, inputs to FITTINO and SFITTER 

would be a true likelihood map
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Figure 1: The 2-dim relative probability density functions in the planes spanned by the CMSSM
parameters: m1/2, m0, A0 and tanβ for µ > 0. The pdf’s are normalized to unity at their peak.
The inner (outer) blue solid contours delimit regions encompassing 68% and 95% of the total
probability, respectively. All other basis parameters, both CMSSM and SM ones, in each plane
have been marginalized over.

blue (dark) solid contours delimit regions of 68% and 95% of the total probability, respec-

tively, and remain well within the assumed priors, except for m0. In all the 2-dim plots,

the MC samples have been divided into 70 × 70 bins, with a mild smoothing across adja-

cent bins to improve the quality of the presentation (this has not impact on our statistical

conclusions). Jagged contours are a result of a finite resolution of the MC chains.

In the case of µ > 0 (fig. 1) we can see a strong preference for large m0 ∼> 1 TeV. On

the other hand, the peak of probability for m1/2 is around 0.5 TeV, although the 68% range

of total probability is rather wide, increases with m0 and exceeds 1.5 TeV for m0 # 4 TeV.

Additionally, at smaller m0 ∼< 1 TeV there are a few confined 68% total probability regions.

The strong preference for large m0 $ m1/2 is primarily the result of the sizable shift

in the SM value of BR(B → Xsγ), as can be seen by comparing fig. 1 with fig. 2 in ref. [14]

(or fig. 8 of ref. [15]) where the previous value of BR(B → Xsγ) has been used. (While

the other CMSSM parameters also experience some shift in their most probable values, it

is not as dramatic as that of m0 towards larger values.) The underlying reason is that,

at fairly small m1/2 the charged Higgs mass remains relatively light, in the few hundred

– 9 –

M. Rauch SFitter: From LHC data back to the MSSM Lagrangian

χ2 m0 m1/2 tan β A0 µ mt

0.09 102.0 254.0 11.5 -95.2 + 172.4
1.50 104.8 242.1 12.9 -174.4 − 172.3
73.2 108.1 266.4 14.6 742.4 + 173.7
139.5 112.1 261.0 18.0 632.6 − 173.0
. . .
errors 2.17 2.64 2.45 49.6 0.97

Table 1. SFitter output for the SPS1a point in MSUGRA.
List of the best-fitting parameter points with associated
log-likelihood. The last line denotes the corresponding er-
rors for the best-fitting point. All masses are in units of
GeV.
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Fig. 1. SFitter output for the SPS1a point in MSUGRA.
Two-dimensional likelihood maps of the m0-m1/2 plane.
Upper: Bayesian marginalised plots. Lower: Profile likeli-
hoods. All masses are given in GeV.

and a flipped sign of µ. Solution three shows a distinct
maximum, and the last one again differs from the pre-
vious one only by sgnµ. For these last two solutions
the trilinear parameter takes a large positive value to-
gether with a slight shift in the top-quark mass. If the
latter was kept fixed this distinct maximum would be
much less pronounced. In the last line of Table 1 the
corresponding errors on the parameters are printed.

Fig. 1 shows the corresponding plots of the likeli-
hood map projected onto the m0-m1/2 plane. The peak
is clearly at the right position in both the marginalised
plot and the profile likelihood. The resolution of the
plots is too coarse so the different maxima are merged
in a single bin and cannot be resolved here. From there
it extends in two branches, which reflect the fact that
extracting masses from kinematic endpoints involves
quadratic equations.
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Fig. 2. SFitter output for the SPS1a point in MSUGRA.
One-dimensional Bayesian marginalised plots for tanβ.
Upper: High-scale prior flat in B. Lower: Prior flat in tanβ.

Strictly speaking, the usual set of MSUGRA pa-
rameter is not purely high-scale, as it contains the
weak-scale quantity tanβ which explicitly assumes ra-
diative electroweak symmetry breaking. This can be
replaced by the mass parameters B and µ [18] which
appear as Bµ in front of mixed terms of the type
H0

1H0
2 . µ can then be eliminated by the requirement

that the correct low-energy Z-boson mass is repro-
duced. This distinction is important for the margin-
alised plots, where a prior as a measure in the pa-
rameter space must be specified. Fig. 2 shows the dif-
ferent results of the two choices. In the upper plot a
purely high-scale model is chosen as has been done in
the previous plots. The prior is taken to be flat in B.
This corresponds to a prior in tanβ, which falls of as
1/ tanβ2 in leading order. This behaviour is clearly
visible in the plot. It is dominated by noise and the
prior and as small values of tanβ as possible are pre-
ferred. In the lower plot a prior which is flat in tanβ
has been chosen. Here the plot still shows a significant
noise, but the maximum is in the correct place. For
profile-likelihood plots this choice does not making a
difference in the resulting likelihood. It does however
have an indirect influence via the Markov chain scan-
ning. For the PDF a measure in the parameter space
must be defined which influences the probability for
suggesting a point. A bad choice of the PDF can then
lead to a bad coverage of the parameter space.

[arXiv:0710.2822]
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Example of Digital Publishing in RooFit/RooStats

RooFit’s Workspace now provides the 
ability to save in a ROOT file the full 
likelihood model and the minimal data 
necessary to reproduce likelihood 
function.
It’s generic, we decide how to 
parametrize the model.
Need this for combinations, we should 
publish them to some repository!

Thursday, February 26, 2009
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Combining Results: An Example

21

A combination example

• Combining ‘ATLAS’ and ‘CMS’ result from persisted 
workspaces

!"#$%&'(')'*%+'!"#$%,-./$.01233/-4'5

633732809.:%'&./$.0')'(;<=%/,-./$.0-4'5

Read ATLAS
workspace

!"#$%&'(')'*%+'!"#$%,-:>01233/-4'5

633732809.:%'&:>0')'(;<=%/,-:>0-4'5

Read CMS
workspace

633?@@#/#3*'*$$A3>B#,-*$$A3>B#-C-*$$'ADEF?!G?E-C
633?2HE%/,&:>0;<(I*:/#3*,J*$$K4C&./$.0;<(I*:/#3*,J*$$K444'5

Construct
combined LH

633L23(#$%GG'9$$A3>B#,-9$$A3>B#-C-9$$-C*$$A3>B#C&./$.0;<M.2,->N#HH0-44'5

Construct
profile LH
in mHiggs

633L$3/&'>(2.>%')'./$.0;<M.2,->N#HH0-4;<(2.>%,;O1PC;Q1P4'5

./$.0;<(I*:/#3*,J*$$K4;<9$3/R*,>(2.>%44'5

:>0;<(I*:/#3*,J*$$K4;<9$3/R*,>(2.>%4CG#*%E/S$%,8T.0U%@44'5

9$$A3>B#19$3/R*,>(2.>%CG#*%A3$32,86%@44'5

Plot
Atlas,CMS,
combined
profile LH

Wouter Verkerke, NIKHEF 

>(2.>%;<T2.+,4'5'VV'2%0I$/'3*'*%W/'0$#@%
profile LH

A combination example

d
e
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d

Combined

P
r
o

fi
le

‘A l ’‘Atlas’

‘CMS’

Wouter Verkerke, NIKHEF 

By using the workspace, it is easy to share results, ideal for combinations.

Example above shows opening an ‘atlas’ and ‘cms’ workspace, and 
performing a combined fit to a common parameter with profile likelihood.

RooFit / RooStats

Thursday, February 26, 2009
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Extracting Contours from these results

• One can plot 2-d contours, 1-d 
likelihood functions

• One can evaluate likelihood in N-d and 
use to evaluate a theoretical model

• If the model has nuisance parameters 
for systematics, they will be included!

• Easy to combine multiple measurements

22

• The workspace can represent arbitrary models with many 
parameters of interest and many nuisance parameters

Taken from Wouter Verkerke, NIKHEF 
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