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Analysis history

Epoch L. Exp.Lim/SM (115) publication
Run2a+2bl1+(2) 4.2 fb1 7.1 PRL 105, 251801 (2010)
Run2a+2b12+(3) 6.2 fb! 5.7 ICHEP’10 (preliminary)
Run2a+2b1+2b23+(4) 8.6 b EPS’11 (preliminary)

Run2a data not reanalyzed — added to the limit from the publication
EXpLimg, o./EXpLimy, ~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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(PV) > 2 tracks |zp,| <60 cm
(2 isolated same flavor)
e*e- CC(P0)+CC(P0)/EC(P0.5) p>15 GeV
eecg ICR(NNt>0.7) + CC(PO)/EC,(PO) p>15 GeV
UW'w LooseNCV w/ matched central track p;>15(10) GeV |n4| < 1.5(2.0)
UMy 1M (Ing] < 1.6) + 1 isolated track p>20 GeV |ny <2.0

60 <M, <150 GeV  Az(PV,l) <1cm
Z P () (K 1) < 0.03 (0.01) opposite charge

>1 JCCB (JESmuon) vertex confirmed (VC) p;>20(15) GeV |n4 <2.0
(MVA direct tagging)

taggable jets
MegaTight+L3 MegaTight+.not.L3

(*) vjets_cafe v05-06-07 as of May 24t 2011 used
new jet treatment of T. Guillemin used
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Zly*>eelup+ qg+(bb,cc) Alpgen + Pythia

WZIZZIWW Pythia

tt Alpgen + Pythia

e*e Invert isolation+shower shape and reweight
€€ \cr NN1<0.4

9Ty I()1(H) > 0.03

M-k Select same charge pair

Size determined from the M, distribution (40 < M,, < 200 GeV)

(>ee/up/to)H(>bblcc/tr)
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Overlayed events
Epoch dependent simulation: Run2b1 p20.09.02(03), Run2b2(34) p20.15.04
Events reconstructed and selected
Applied to simulation
Trigger (eecr, MM, My
Scale factors (object reconstruction, identification, VC, taggability, b-tag)
(luminosity, PV, lepton/jets E/n, p%)
Cross sections normalized by to N(N)LO values

common fit of to including at

7' =YY 3D} -a'Ql —k ki(kiz} + 0N /D) +3 (ke —1)* /o
I ] m c
I channels, j: jet multiplicity, m: M, 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 iIn the modeling
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Modeling issues

D@ Internal, 5.8 tb ™
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Spring’11 plots

cccc run2b234

http://www-d0.fnal.gov/Run2Physics/higgs/zh_lIbb/dO_private/plots/archive/analysis_v3.2/preselection/zhccccbb_run2b234/2jet_masscut/
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EPS’11 plots cccc run2b234

http:/mww-cluedO.fnal.gov/~Iwelty/d0_private/summer_2011/vjets_050607_p2122/summer_2011_results/nominal_newvjetrw_newicrrw/control_plots/run2b234/cccc/2jet_masscut/
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Modeling issues Spring'11 plots mumu run2b234

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

Events / Bin

EPS’11 plots

mumu run2b234

http://clued0.fnal.gov/~sun786/d0_private/run2b234 _incl_newtrig_treatment/2jet_masscut/
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Cut flow tables

Inclusive: 40 < M, < 200 GeV

2] pretag: 2j + 60 < M, < 150 GeV

ST, DT: taggability and direct b-tags
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k,% values

e

zhccecebb_run2b1 0.953 0.028 -1.48
_____
zhccecbb_run2b1 0.036
_____
zheicrbb_run2b1 0.039 -10.0% -2.55
_____
zhmumubb_run2b1 0.953 0.017 -2.46
_____
zhmutrkbb_run2b1 -1.08
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Leptons EPS’11 plots Combined all statistics (p';, >20 GeV)

http://www-d0.fnal.gov/Run2Physics/higgs/zh_llbb/d0_private/plots/latest_spring2011/preselection/all/2jet_masscut/
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Jets EPS’11 plots

Combined all statistics (p';, >20 GeV)

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

Events / Bin

Jets EPS'11 plots Combined all statistics (pT, >20 GeV)

http://www-d0.fnal.gov/Run2Physics/higgs/zh_llbb/d0_private/plots/latest_spring2011/preselection/all/2jet_masscut/
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Leptons+Jets EPS’11 plots Combined all statistics (pT, >20 GeV)

http://www-d0.fnal.gov/Run2Physics/higgs/zh_llbb/d0_private/plots/latest_spring2011/preselection/all/2jet_masscut/
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the 2 lepton’s and 2(3) jet’s 3-momenta
in the Z(=2I)H(=>bb)(+I/FSR) hypothesis
: measured angle and energy(momentum) errors
for jets transfer functions are used
di-lepton mass distribution (BW (I',)+Gaussian)
2p, ~2p, ~ 017 GeV
. improves bb mass resolution
discriminates background with large MET
used in final discrimination (RF)
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Final discriminant:

: randomly chosen 10 out of the 19 variables
Moo, Mpy's P12, P2, p1P2, pr°%, p1°, AD(by,b,), An(b,,b,)
p+%, AD(l,1,), An(l,l,), coll(l,,l,), AD(Z,bb)
: cosO*, M(llbb), H.(llbb), M(Z}), pT(2})
. each mass point, ST, DT separately, all channels together, Run2b1

. each mass points, each channels, each epoch, ST, DT
each shape dependent systematics
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IS used
5 x2
CCCC CCEC eelCR P putrk
STDT
: Run2a Run2bl1 Run2b234

Limits w/o systematics ( )

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

channels epochs RF rebinned in similar s/sqgrt(b) bins
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JESPos

JESNeg

Nominal

Cafe Jobs

Corrections

o

Jet Cuts =
Kini Fit

Multivariate Analysis
(Random Forest)Training

Other vars

‘ Apply Random Forest —.'

dropbox/syst

To Collie Files

dropbox/inclusive

Control Plots
Cutflow
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Additional
Control Plots
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from Run2b4: now L, =
mu-+trk in Run2b included
- 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

Preselection completed

To-Collie files (mainly systematic histograms) under preparation
and
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My

100
105
110
115
120
125
130
135
140
145
150

(CLFit2 on condensed)

run2a (1fb1)
11.054
12.128
13.558
15.082
17.747
21.231
26.542
35.470
47.896
71.487
111.280

all (8 fb') R=L,, /Ly <R>

3.695
4.053
4.345
4.647
5.233
6.774
8.242
11.366
14.830
22.051
34.764

2.99
3.00
3.12
3.24
3.33
3.13
3.22
3.12
3.22
3.24
3.20

3.04

3.23

3.18

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
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Run2a
Run2bl
Run2b23
Run2b4

e'e
€€cr
ey
p'p'trk
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In CC Point0, in EC Point05 was used

PointO:

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

Status of the ZH-->llbb search
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Modeling issues Spring’11 plots ccec run2b234

http://www-d0.fnal.gov/Run2Physics/higgs/zh_IlIbb/d0_private/plots/archive/analysis_v3.2/preselection/zhccecbb_run2b234/2jet_masscut/
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Events / Bin

EPS’11 plots

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/
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Modeling issues Spring’11 plots eeicr run2b234

http:/iwww-dO0.fnal.gov/Run2Physics/higgs/zh_lIbb/d0_private/plots/archive/analysis_v3.2/preselection/zheicrbb_run2b234/2jet_masscut/
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EPS’11 plots

eicr run2b234

http://www-clued0.fnal.gov/~cousinou/zheicr_run2b234-p201803_vj564_with-icrrw/2jet_masscut/
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aka semi-frequentist or CLs method

Log-Likelihood-Ratio (LLR) as test statistics: LLR= —2InM
P(N|H,)
H, and H, - test hypotheses of background w/o and w/ signal
N - ensemble of number of events
P - Poissonian pdf of N: P=e"u"/N! ©-8,)
includes pdf of nuisance parameters 6: P52 PN LLRgps
° % 0‘045 Q'__l) = S+B LLR
Profiling: di 1L Ny By LLR
LLR is minimized wrt the nuisance parameters %0::: f 1,1‘ | oo
£ 002k X ﬁ = CL
LLRyps = LLR(N=Data) o N\ \ P
LLR, = LLR(N=Background) o o %
LLRy, = LLR(N=Signal+Background) f,rf . AN
Lol -

Confidence levels:

1-CL, = p(LLR,<LLR,[H) =(0XxBR)/(0XBR)gy
Clsy = P(LLRsp>LLRps[H,)

CL, =CLg/CL,

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