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Channels
e+e-

eeICR
µ+µ-

µµtrk

Analysis history
Epoch                             Lint Exp.Lim/SM (115)           publication  
Run2a+2b1+(2)            4.2 fb-1 7.1              PRL 105, 251801 (2010)  
Run2a+2b12+(3)          6.2 fb-1 5.7(5.8) ICHEP’10 (preliminary)     
Run2a+2b1+2b23+(4)  8.6 fb-1 (5.0) EPS’11 (preliminary)

Run2a data not reanalyzed – added to the limit from the publication
ExpLimRun2a/ExpLimAll ~3, sqrt(8/1) = 2.8

In the following we detail the analysis of the Run2b(1,2,3,4) data
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Data selection (most salient features)*

Primary Vertex (PV)        > 2 tracks     |zPV| < 60 cm
Leptons (2 isolated same flavor)

e+e- CC(P0)+CC(P0)/EC(P0.5)                   pT>15 GeV
eeICR ICR(NNτ>0.7) + CC(P0)/ECs(P0)         pT>15 GeV
µ+µ- LooseNCV w/ matched central track  pT>15(10) GeV |ηd| < 1.5(2.0)                 
µµtrk 1µ (|ηd| < 1.6) + 1 isolated track          pT>20 GeV |ηd| < 2.0                          

Z
60 < Mll < 150 GeV Δz(PV,l) < 1cm
Zµµ: I(µ1)I(µ2,trk) < 0.03 (0.01) opposite charge

Jets
> 1 JCCB (JESmuon)  vertex confirmed (VC)  pT>20(15) GeV |ηd| < 2.0

b-jets (MVA direct tagging)
taggable jets
DT: MegaTight+L3   ST: MegaTight+.not.L3

(*) vjets_cafe v05-06-07 as of May 24th 2011 used
new jet treatment of T. Guillemin used
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Background

SM Simulated by MC
Z/γ*ee/µµ+nqq+(bb,cc)       Alpgen + Pythia
WZ/ZZ/WW                           Pythia
tt Alpgen + Pythia

Instrumental (MultiJet)                Simulated by data
e+e- Invert isolation+shower shape and reweight
eeICR NNτ<0.4
µ+µ- I(µ1)I(µ2) > 0.03
µµtrk Select same charge pair
Size determined from the Mll distribution (40 < Mll < 200 GeV)

Signal

Z(ee/µµ/ττ)H(bb/cc/ττ)                 Simulated by Pythia



E. Nagy - D0-France 
30th May 2011

Status of the ZH-->llbb search 5

Treatment of the MC samples

Overlayed zbias events
Epoch dependent simulation: Run2b1 p20.09.02(03), Run2b2(34) p20.15.04 

Events reconstructed and selected as data
Applied efficiency corrections to simulation

Trigger (eeICR,µµ,µtrk)
Scale factors (object reconstruction, identification, VC, taggability, b-tag)

Reweighting/smearing (luminosity, PV, lepton/jets E/η, pT
Z) 

Cross sections normalized by K-factors to N(N)LO values
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i: channels, j: jet multiplicity, m: Mll bin
D: data, Q/Z/O: MJ/Z/Other backgrounds
k: luminosity, efficiency and cross section scale factors 

The departure of k from1 is a measure of systematic errors in the modeling

Background normalization
common fit of MJ, efficiencies  to data including all channels at pretag
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Spring’11 plots

ηj1

cccc run2b234
http://www-d0.fnal.gov/Run2Physics/higgs/zh_llbb/d0_private/plots/archive/analysis_v3.2/preselection/zhccccbb_run2b234/2jet_masscut/

pT
j1

ηj2 pT
j2

Modeling issues

Mitigated by
pT>20 GeV
in the EC
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EPS’11 plots

ηj1
pT

j1

cccc run2b234

ηj2 pT
j2

http://www-clued0.fnal.gov/~lwelty/d0_private/summer_2011/vjets_050607_p2122/summer_2011_results/nominal_newvjetrw_newicrrw/control_plots/run2b234/cccc/2jet_masscut/

pT>20 GeV
in the EC
no more needed
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Spring’11 plots

ηj1

mumu run2b234

http://www-d0.fnal.gov/Run2Physics/higgs/zh_llbb/d0_private/plots/archive/analysis_v3.2/preselection/zhmumubb_run2b234/2jet_masscut/

Modeling issues

Mitigated by
pT>20 GeV
in the EC

pT
j1

ηj2 pT
j2
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EPS’11 plots

ηj1

mumu run2b234

pT
j1

pT>20 GeV
in the EC
no more needed

ηj2
pT

j2

http://clued0.fnal.gov/~sun786/d0_private/run2b234_incl_newtrig_treatment/2jet_masscut/
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Cut flow tables

Inclusive: 40 < Mll < 200 GeV
2j pretag: 2j + 60 < Mll < 150 GeV
ST, DT: taggability and direct b-tags
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kZ
2 values
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EPS’11 plots Combined all statistics (pT
j2 >20 GeV)

http://www-d0.fnal.gov/Run2Physics/higgs/zh_llbb/d0_private/plots/latest_spring2011/preselection/all/2jet_masscut/

Leptons
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EPS’11 plots

http://www-d0.fnal.gov/Run2Physics/higgs/zh_llbb/d0_private/plots/latest_spring2011/preselection/all/2jet_masscut/

Jets Combined all statistics (pT
j2 >20 GeV)
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EPS’11 plots

ηj1
pT

j1

ηj2
pT

j2

http://www-d0.fnal.gov/Run2Physics/higgs/zh_llbb/d0_private/plots/latest_spring2011/preselection/all/2jet_masscut/

Jets Combined all statistics (pT
j2 >20 GeV)
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EPS’11 plots

http://www-d0.fnal.gov/Run2Physics/higgs/zh_llbb/d0_private/plots/latest_spring2011/preselection/all/2jet_masscut/

Leptons+Jets Combined all statistics (pT
j2 >20 GeV)
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Kinematical fit

Recalculates the 2 lepton’s and 2(3) jet’s 3-momenta 
in the Z(ll)H(bb)(+I/FSR) hypothesis

Constraints: measured angle and energy(momentum) errors
for jets transfer functions are used

di-lepton mass distribution (BW(ΓZ)+Gaussian)
Σpx ~Σpy ~ 0 ±7 GeV

Fitted variables: improves bb mass resolution
discriminates background with large MET
used in final discrimination (RF)
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Mbb
before                                      after  

kinematical fit

ST

DT
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Final discriminant: MVA – Random Forest (200 decision trees)

Input variables: randomly chosen 10 out of the 19 variables
Jets:           Mbb, Mbb

f, pT
b1, pT

b1f, pT
b2, pT

b2f, pT
bb, ΔΦ(b1,b2), Δη(b1,b2)

Z:                pT
Z, ΔΦ(l1,l2), Δη(l1,l2), coll(l1,l2), ΔΦ(Z,bb)

topological: cosθ*, M(llbb), HT(llbb), M(Σji), pT(Σji)
Training: each mass point, ST, DT separately, all channels together, Run2b1

For now (group review), training for ICHEP’10 is used
For EB review, new training will be performed

Application: each mass points, each channels, each epoch, ST, DT
each shape dependent systematics
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Systematic errors
Flat systematics

signal qcd zjj zbb zcc diB ttbar
MJ norm                       x
k2

Z(stat)  x     x x
Δnorm  (discrep)     x               x x x x x
k0

Z fit                    x                                         x x
Run2a/Run2b       x                                         x x
σ(Z+HF) x        x
σ(diB)                                                             x
σ(tt)                                                                             x
σ(VH)                   x
PDF                      x               x x x x x

Shape systematics
signal qcd zjj zbb zcc diB ttbar

JES                       x               x x x x x
JRES                    x               x x x x x
JETID                   x               x x x x x
VCJ                      x               x x x x x
Taggab x               x x x x x
Trigger                  x               x x x x x
pT

Z x      x x
btagHF x                      x x x
btagLF x                   x
vjrw x      x x
icr_rw x      x x
VH_pT x
AlpMLM x
AlpScale x       x x
AlpUE x       x x

Up/Down RF histograms by
varying the nuisance parameters
and/or event weight with ± 1 σ

RF histograms scaled
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Limit setting

Collie V00-04-09 is used
Channels: 5 x 2

CCCC CCEC eeICR µµ µµtrk
ST DT 

Epochs: Run2a Run2b1 Run2b234

Limits w/o systematics (CLfast)

Limits w/ systematics (CLfit2) 
nuisance parameters fitted to both bg and sg+bg hypotheses
on condensed files

channels epochs RF rebinned in similar s/sqrt(b) bins
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Where are we today?
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Summary

Since spring’11:
new statistics 

from Run2b4: now Lint = 8.6 fb-1

mu+trk in Run2b included 
jet modeling improved  good Data/MC agreement

new jet treatment of T. Guillemin included
new jet eta reweighting
new parametrization of the QCD bg in di-e channel

Hcc/ττ added to signal
As of today: 

Preselection completed
To-Collie files (mainly systematic histograms) under preparation

Results (limits) and analysis note will be ready in the coming days
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Backup slides
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Comparison run2a vs total expected  sqrt(8/1) = 2.8
-

(CLFit2 on condensed)

MH run2a (1fb-1)    all (8 fb-1)  R=Lrun2a/Lall <R>
100       11.054          3.695           2.99
105       12.128          4.053           3.00
110       13.558          4.345           3.12           3.04
115       15.082          4.647           3.24
120       17.747          5.233           3.33
125       21.231          6.774           3.13          3.23
130       26.542          8.242           3.22
135       35.470         11.366           3.12
140       47.896         14.830           3.22          3.18
145       71.487         22.051           3.24
150      111.280         34.764           3.20          3.22

---------------------------------------------------------

In the first 3 masses the increase is ~3, for the others ~3.2 

This doesn't point to a need for reanalyzing run2a
since expected improvement < 3%.
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Triggers

e+e- Inclusive    ~100%   No correction
eeICR Ejets_OR MC corrected
µ+µ- Inclusive                   MC corrected  
µµtrk Inclusive                   MC corrected

Epochs Lint   fb-1

Run2a                 1.1 
Run2b1               1.2
Run2b23              5.0 
Run2b4                1.3
Total                     8.6

Backgrounds
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Point0:
Isolation_CC: 0.09
Isolation_EC: 0.1
EMFraction_CC: 0.90
EMFraction_EC: 0.90
HMx8_EC: 40.
IsoHC4_CC: 4.0
IsoHC4_EC: 100.
TrkMatchChi2_CC: 0.0
EMHits_e_f_CC: 0.6
NNout7_CC: 0.4
NNout4_EC: 0.05
Sigphi_EC: 100.

Point05:
Isolation_CC: 0.15
Isolation_EC: 0.05
EMFraction_CC: 0.90
EMFraction_EC: 0.97
HMx8_EC: 10.
IsoHC4_CC: 3.5
IsoHC4_EC: 200.
TrkMatchChi2_CC: 0.0
NNout7_CC: 0.30
NNout4_EC: 0.20
Sigphi_EC: 100.
LHood_CC: 0.05
EOP_CC: 8.0

EM-ID operating points

In CC Point0, in EC Point05 was used
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Spring’11 plots

ηj1

ccec run2b234
http://www-d0.fnal.gov/Run2Physics/higgs/zh_llbb/d0_private/plots/archive/analysis_v3.2/preselection/zhccecbb_run2b234/2jet_masscut/

Modeling issues

Mitigated by
pT>20 GeV
in the EC

ηj2

pT
j1

pT
j2
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EPS’11 plots

ηj1

ccec run2b234

http://www-clued0.fnal.gov/~lwelty/d0_private/summer_2011/vjets_050607_p2122/summer_2011_results/nominal_newvjetrw_newicrrw/control_plots/run2b234/ccec/2jet_masscut/

pT>20 GeV
in the EC
no more needed

pT
j1

ηj2
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Spring’11 plots

ηj1

eeicr run2b234

pT
j1

ηj2 pT
j2

Modeling issues

Mitigated by
pT>20 GeV
in the EC

http://www-d0.fnal.gov/Run2Physics/higgs/zh_llbb/d0_private/plots/archive/analysis_v3.2/preselection/zheicrbb_run2b234/2jet_masscut/
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EPS’11 plots

ηj1
pT

j1

eicr run2b234

ηj2 pT
j2

pT>20 GeV
in the EC
no more needed

http://www-clued0.fnal.gov/~cousinou/zheicr_run2b234-p201803_vj564_with-icrrw/2jet_masscut/
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H0 and H1 - test hypotheses of background w/o and w/ signal
N - ensemble of number of events
P - Poissonian pdf  of N:

includes pdf of nuisance parameters θ:

The D0 method

aka semi-frequentist or CLs method

Log-Likelihood-Ratio (LLR) as test statistics: )H|P(N
)H|P(N2lnLLR

0

1−=

Profiling:
LLR is minimized wrt the nuisance parameters

LLRobs

LLRobs =  LLR(N=Data)
LLRb = LLR(N=Background)
LLRsb    =  LLR(N=Signal+Background)

Confidence levels:
1-CLb = p(LLRb<LLRobs|H0)
CLsb    = p(LLRsb>LLRobs|H1)
CLs      = CLsb/CLb

It has been checked that the Bayesian and CLs methods give comparable results (~10%)

A signal R=(σxBR)/(σxBR)SM is excluded @ 95% CL 
if  CLs(R)= 0.05 i.e. 1-CLs (R)= 0.95

signal—background
separation

/N!μeP Nμ−=
]

2σ
)θ(θexp[ 2

θ

2
0−

−
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