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CDF Candidate :
 

E T

m i s s=145 GeV

E T
j e t 1=100 GeV

E T
j e t 2=5 5 GeV

M j j=8 2 GeV

Basic selection:

   - two acoplanar jets
   - ! 1 tagged b-jets (CDF)
         2 tagged b-jets (DØ)
   - ET

miss > 70 GeV (CDF)
                   50 GeV (DØ)

b jet

b jet

Tevatron,  DØ and CDF
Higgs production
Search channels for a light Higgs

WH → lνbb̅ 
ZH → ννbb̅
ZH → llbb̅

Outlook
Conclusion



Tevatron



Run IIa Run IIb

Delivered Recorded

Run IIa 1.6 fb-1 1.3 fb-1

Run IIb (so far) 1.9 fb-1 1.7 fb-1

Total 3.5 fb-1 3.0 fb-1

2006 shutdown:

• new Layer 0 silicon installed 

• trigger upgrades installed

April 02 Jan 08

Passed 3fb-1 
milestone in recorded 

luminosity on 16 
January 2008



Two General Purpose Detectors:  CDF      DØ
Electron acceptance              |η|<2.0 |η|<3.0
Muon acceptance                  |η|<1.5 |η|<2.0
Silicon Precision tracking      |η|<2.0 |η|<3.0
Hermetic Calorimeter            |η|<3.6 |η|<4.2

Powerful trigger systems (2.5MHz →50Hz)
Dilepton triggers with pT>4GeV

protons
antiprotons

3 Layer
Muon 
System

Tracker Solenoid Magnet
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 Tevatron Cross Sections

The Higgs cross section is
10-11 orders of magnitudes 
lower than the total inelastic 

cross section.

Evidence of single top 
production is an important 

milestone towards the 
Higgs boson.

Light quarks are 
ubiquitous.

Plenty of W and Z bosons 
→ calibration.

Total inelastic cross section.
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Figure 39: Performance profile of NN and JLIP taggers on the BID and COMB skim. The top plot
is for all jets and the bottom plot for jets with η < 0.8 and pT > 30 GeV. The error on the plots
represents the total uncertainty, statistical and systematic, on the performance measurements. The
NN tagger demonstrates large performance gains over the JLIP tagger, with increases in efficiency
of up to 50% for a fixed fake rate. Fake rates are typically reduced to between a quarter and a third
of their value for a fixed signal efficiency.
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!"The Tools

- for all masses: 

  lepton identification

- at low masses:

  Neural Net b tagging

  di-jet mass resolution

 di-jet mass distribution for 

 b tagged jets

DØ

Z ! bb



Low Mass Higgs Channels
ZH → l+l- bb

2 b jets  ~ 1/2 MH each
2 leptons  ~ 45 GeV each

Z mass constraint
Cleanest signal

WH → lνbb

2 b jets  ~ 1/2 MH each
1 lepton  ~ 50 GeV each

Missing ET ~ 50 GeV
Highest production X-sec

ZH → νν bb

2 b jets  ~  1/2 MH each
0 leptons

Missing ET ~ 100 GeV
Largest expected signal
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FIG. 1: Distributions of the lepton momentum (a), the transverse W mass (b), the HT variable (c) and missing transverse
energy (d) compared to the simulated expectation in the W + 2 jet event sample. The simulation is normalized to the integrated
luminosity of the data sample using the expected cross sections (absolute normalization) except for the W+ jets sample which
is normalized on the ”untagged sample” to the data, taking into account all the other backgrounds.
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FIG. 1: Distributions of the lepton momentum (a), the transverse W mass (b), the HT variable (c) and missing transverse
energy (d) compared to the simulated expectation in the W + 2 jet event sample. The simulation is normalized to the integrated
luminosity of the data sample using the expected cross sections (absolute normalization) except for the W+ jets sample which
is normalized on the ”untagged sample” to the data, taking into account all the other backgrounds.
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Figure 39: Performance profile of NN and JLIP taggers on the BID and COMB skim. The top plot
is for all jets and the bottom plot for jets with η < 0.8 and pT > 30 GeV. The error on the plots
represents the total uncertainty, statistical and systematic, on the performance measurements. The
NN tagger demonstrates large performance gains over the JLIP tagger, with increases in efficiency
of up to 50% for a fixed fake rate. Fake rates are typically reduced to between a quarter and a third
of their value for a fixed signal efficiency.
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4 different analyses:
• Double b-tag (S/B ~ 2.3/204)
• Single b-tag (S/B ~ 4/1400)
• W → eν
• W → μν 



WH → lνbb̅: Neural Net

pT 2nd jet
Δϕ jets
pT di-jet
pT (l,ETmiss)
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FIG. 3: (a,b): Distributions for the W + 2 jet events having at least two jets b-tagged: a) b-tagged jets momentum; b) ∆R
between the two leading b-jets. c) (d) Dijet invariant mass in W + 2 jet events having exactly one (two) jet b-tagged; The data
are compared to the different simulated processes. The simulation is normalized to the integrated luminosity of the data sample
using the expected cross sections (absolute normalization) except for the W+ jets sample which is normalized on the ”untagged
sample” to the data, taking into account all the other backgrounds. Also shown is the contribution expected for standard model
WH production with mH = 115 GeV, multiplied by a factor 10.
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FIG. 3: (a,b): Distributions for the W + 2 jet events having at least two jets b-tagged: a) b-tagged jets momentum; b) ∆R
between the two leading b-jets. c) (d) Dijet invariant mass in W + 2 jet events having exactly one (two) jet b-tagged; The data
are compared to the different simulated processes. The simulation is normalized to the integrated luminosity of the data sample
using the expected cross sections (absolute normalization) except for the W+ jets sample which is normalized on the ”untagged
sample” to the data, taking into account all the other backgrounds. Also shown is the contribution expected for standard model
WH production with mH = 115 GeV, multiplied by a factor 10.
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FIG. 3: (a,b): Distributions for the W + 2 jet events having at least two jets b-tagged: a) b-tagged jets momentum; b) ∆R
between the two leading b-jets. c) (d) Dijet invariant mass in W + 2 jet events having exactly one (two) jet b-tagged; The data
are compared to the different simulated processes. The simulation is normalized to the integrated luminosity of the data sample
using the expected cross sections (absolute normalization) except for the W+ jets sample which is normalized on the ”untagged
sample” to the data, taking into account all the other backgrounds. Also shown is the contribution expected for standard model
WH production with mH = 115 GeV, multiplied by a factor 10.
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FIG. 4: Distributions of the neural network output compared with the simulated expectation: a) before b-tagging; b) in the
exclusive single b-tag sample; c) in the double b−tag sample ; d) same as c) with y logarithmic scale. The simulation is
normalized to the integrated luminosity of the data sample using the expected cross sections (absolute normalization) except for
the W+ jets sample which is normalized on the ”pre-tag sample” to the data, taking into account all the other backgrounds.
The WH expected contribution is peaking at high values of the NN output as shown in d).
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Combining WH Results

single b-tag

double b-tag
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FIG. 5: a) (b) dijet invariant mass in W + 2(3) jet events when exactly one jet is b-tagged. c) (d) same distributions when
at least 2 jets are b-tagged. The simulated processes are normalized to the integrated luminosity of the data sample using the
expected cross sections (absolute normalization) except for the W+ jets sample which is normalized on the ”untagged sample”
to the data, taking into account all the other backgrounds. The backgrounds labelled as “other” in the figure are dominated
by single-top production. Also shown is the contribution expected for standard model WH production with mH = 115 GeV,
multiplied by a factor 10.
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FIG. 5: a) (b) dijet invariant mass in W + 2(3) jet events when exactly one jet is b-tagged. c) (d) same distributions when
at least 2 jets are b-tagged. The simulated processes are normalized to the integrated luminosity of the data sample using the
expected cross sections (absolute normalization) except for the W+ jets sample which is normalized on the ”untagged sample”
to the data, taking into account all the other backgrounds. The backgrounds labelled as “other” in the figure are dominated
by single-top production. Also shown is the contribution expected for standard model WH production with mH = 115 GeV,
multiplied by a factor 10.
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FIG. 5: a) (b) dijet invariant mass in W + 2(3) jet events when exactly one jet is b-tagged. c) (d) same distributions when
at least 2 jets are b-tagged. The simulated processes are normalized to the integrated luminosity of the data sample using the
expected cross sections (absolute normalization) except for the W+ jets sample which is normalized on the ”untagged sample”
to the data, taking into account all the other backgrounds. The backgrounds labelled as “other” in the figure are dominated
by single-top production. Also shown is the contribution expected for standard model WH production with mH = 115 GeV,
multiplied by a factor 10.
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FIG. 5: a) (b) dijet invariant mass in W + 2(3) jet events when exactly one jet is b-tagged. c) (d) same distributions when
at least 2 jets are b-tagged. The simulated processes are normalized to the integrated luminosity of the data sample using the
expected cross sections (absolute normalization) except for the W+ jets sample which is normalized on the ”untagged sample”
to the data, taking into account all the other backgrounds. The backgrounds labelled as “other” in the figure are dominated
by single-top production. Also shown is the contribution expected for standard model WH production with mH = 115 GeV,
multiplied by a factor 10.
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FIG. 5: a) (b) dijet invariant mass in W + 2(3) jet events when exactly one jet is b-tagged. c) (d) same distributions when
at least 2 jets are b-tagged. The simulated processes are normalized to the integrated luminosity of the data sample using the
expected cross sections (absolute normalization) except for the W+ jets sample which is normalized on the ”untagged sample”
to the data, taking into account all the other backgrounds. The backgrounds labelled as “other” in the figure are dominated
by single-top production. Also shown is the contribution expected for standard model WH production with mH = 115 GeV,
multiplied by a factor 10.
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FIG. 5: a) (b) dijet invariant mass in W + 2(3) jet events when exactly one jet is b-tagged. c) (d) same distributions when
at least 2 jets are b-tagged. The simulated processes are normalized to the integrated luminosity of the data sample using the
expected cross sections (absolute normalization) except for the W+ jets sample which is normalized on the ”untagged sample”
to the data, taking into account all the other backgrounds. The backgrounds labelled as “other” in the figure are dominated
by single-top production. Also shown is the contribution expected for standard model WH production with mH = 115 GeV,
multiplied by a factor 10.
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FIG. 6: Expected (median) and observed 95% C.L. upper limits on the cross section ratios in the neural network analysis for
the combined WH → e, µνbb̄ W + 2 jet analyses (single- and double-tag, CC electrons + muons) in the mH = 105 − 145 GeV
mass range. The solid line at y = 1 indicates the 95% C.L. exclusion of the standard model expectation. b) Log-likelihood ratio
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represents LLRobs; for LLRb, 1 and 2 standard deviation bands are drawn, cf section 8
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FIG. 3: Distributions of the pT for the leading (upper left) and next-to-leading jet (upper right), E/T (lower left) and dijet mass
(lower right) before b-tagging.

considered are the invariant mass of the two leading jets in the event (Mjj), the ∆R between the two jets, the pT of

ETmiss + 2 jets
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FIG. 2: A(E/T , H/T ) for data, physics background and instrumental background in the signal region before b-tagging. The
selection cut is −0.1 < A(E/T , H/T ) < 0.2, the line at -0.1 indicates the lower edge of this range.
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FIG. 3: Distributions of the pT for the leading (upper left) and next-to-leading jet (upper right), E/T (lower left) and dijet mass
(lower right) before b-tagging.
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Sample No b-tag Double b-tag
ZH(mH = 115 GeV ) 2.46 0.88 ± 0.12
WH(mH = 115 GeV ) 1.75 0.61 ± 0.08

W + jets 6750 52.3
→ Wbb 397 35.4
→ Wcc 1170 9.33

Zjj
Z → ττ 107 0.25
Z → νν 2130 0.63

Zbb
Z → ττ 6.39 0.63
Z → νν 229 24.9

Zcc
Z → ττ 12.8 0.18
Z → νν 467 4.93

tt 172 29.1
Di − boson 228 3.84

Total Physics Background 10100 117 ± 17
Instrumental Background 2560 17.2 ± 3.4

Total Background 12700 134 ± 18

Observed Events 12500 140

TABLE I: Number of events after final selection.
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FIG. 4: Distributions of the NN input variables, the pT for the leading and next-to-leading jet, dijet mass, E/T , H/T , HT and
∆R, from left to right and top to bottom, after neural net b-tagging.
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FIG. 4: Distributions of the NN input variables, the pT for the leading and next-to-leading jet, dijet mass, E/T , H/T , HT and
∆R, from left to right and top to bottom, after neural net b-tagging.
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FIG. 2: A(E/T , H/T ) for data, physics background and instrumental background in the signal region before b-tagging. The
selection cut is −0.1 < A(E/T , H/T ) < 0.2, the line at -0.1 indicates the lower edge of this range.
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FIG. 3: Distributions of the pT for the leading (upper left) and next-to-leading jet (upper right), E/T (lower left) and dijet mass
(lower right) before b-tagging.

considered are the invariant mass of the two leading jets in the event (Mjj), the ∆R between the two jets, the pT of

ETmiss + 2 jets
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Sample No b-tag Double b-tag
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FIG. 4: Distributions of the NN input variables, the pT for the leading and next-to-leading jet, dijet mass, E/T , H/T , HT and
∆R, from left to right and top to bottom, after neural net b-tagging.
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FIG. 4: Distributions of the NN input variables, the pT for the leading and next-to-leading jet, dijet mass, E/T , H/T , HT and
∆R, from left to right and top to bottom, after neural net b-tagging.
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the leading jet, the pT of the next-to-leading jet, the E/T , the H/T and HT . Distributions of these variables are shown
in Fig. 4. The input variables were selected for their ability to separate signal and background, as given by their
impact on the training sample total error reduction. Each NN was trained for 200 epochs, using 14 hidden neurons
(in a single layer), and one output neuron. The NN outputs for signal, background and data are shown in Fig. 5.
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FIG. 5: NN output distributions for mass points in the range 105 ≤ mH ≤ 135 GeV.

VII. SYSTEMATIC ERRORS

Systematic errors associated with the luminosity, trigger efficiencies, jet ID, b-tagging, background MC cross section
and QCD background are estimated and included in the limit setting procedure. All systematic errors are common and
correlated between signal and background except for the uncertainty on the cross section and the QCD contribution.
Table II lists these systematic errors.

Luminosity Trigger Jet ID b-tagging Background σ QCD multijets
6.1 5 5 7 6-18 20

TABLE II: Table of systematic errors in %.

Errors are also estimated for the difference in the shape of the NN output when varying the Jet Energy Scale
by ± 1σ separately for all signal and background MC samples at each mass point. The difference in the shape of the
NN output because of the uncertainty in the shape of the MC dijet mass spectrum at each mass point is also taken
into account. The former source of error was estimated to be ≤ 10% and the latter ≤ 8%; both are included in the
limit setting.
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FIG. 6: Observed (solid) and expected (dashed) relative cross section limits at 95% CL on ZH production (left), WH production
(right) and combined V H production (bottom).
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• Analyse complete dataset
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TABLE I: The number of data, background, and expected SM signal events (and systematic uncertainty) after 0, 1 tight (but
not ≥2 loose), and ≥2 loose b-tagged jets are required, in the dielectron and dimuon channels.

Sample dielectron channel dimuon channel

Before b-tagging 1T 2L Before b-tagging 1T 2L

Data 2985 73 24 4669 87 53

Total Bgnd. 2961±533 57.4±21 27.9±7.8 4671±841 101.4±38 45.7±12.8

ZH 115 GeV 0.76±0.034 0.23±0.012 0.23±0.019 0.69±0.031 0.31±0.17 0.30±0.025

QCD 89.4±44.7 1.73±0.87 0.74±0.37 47.3±23.7 0.25±0.13 0.88±0.44

Z + (udscg) 2451±490 (udsg) 7.17±1.4 (udsg) 5.12±1.0 (udsg) 4400±880 46.0±9.2 19.2±3.8

252±50 (c) 14.1±2.8 (c) 5.53±1.1 (c)

Z + 2b 120±26 29.6±9.5 12.0±3.8 168±37 47.6±15.2 18.5±5.9

tt̄ 9.6±0.86 2.8±0.28 3.1±0.37 10.6±0.96 4.8±0.48 5.3±0.64

WZ 20.3±1.8 0.60±0.07 0.17±0.02 24.2±2.2 0.82±0.09 0.24±0.03

ZZ 18.0±1.4 1.40±1.3 1.17±0.13 21.4±1.7 1.95±0.18 1.48±0.16
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FIG. 1: The leading-pT di-jet invariant mass distributions for non-b-tagged (a), 1T (b), and 2L (c) channels, for a Higgs mass
of 115 GeV.

IV. SIMULATION

Using the CTEQ6L1 [4] leading-order parton distribution functions, the following physics processes are simulated to
estimate the signal acceptance and the number of background events: Z(→ l+l−)H(→ bb̄) by pythia [6], Z(→ l+l−)jj
including Z(→ l+l−)cc by alpgen [7], Z(→ l+l−)bb by alpgen, tt̄ → l+νbl−ν̄b̄ and tt̄ → bbjjlν by alpgen, inclusive
ZZ and WZ by pythia. The samples generated by alpgen are interfaced with pythia for parton showering
and hadronization. All the samples were run through the full GEANT based detector simulation, digitization, and
reconstruction. The signal cross sections, as well as those for tt̄, WZ, and ZZ are taken from MCFM [5], which is
NLO. For the alpgen samples, a matching procedure (MLM) was used so as to not double count the radiation of
additional jets between alpgen and pythia. In addition, NLO k-factors of 1.23 and 1.35 were applied to the Z+light
and Z+bb̄ samples, respectively, to account for the NLO cross sections of these process (as calculated with MCFM)
as compared to the LO cross sections from alpgen. All simulated samples are scaled, prior to b-tagging to agree
with the number of observed data event under the Z mass peak. Also, since the Z pT distribution is poorly modeled
in Z + light jet simulation, the Z + light jet simulated samples are re-weighted to the Z pT observed in data before
b-tagging. The shape of the QCD background, where jets create the reconstructed leptons, is obtained from data
where the QCD contribution is enhanced by inverting the lepton quality requirements. The QCD contribution is then
normalized by fitting the dilepton invariant mass by a Breit-Wigner function convoluted with a Gaussian for the Z
peak, and an exponential shape for QCD and Drell-Yan processes. The fraction of Drell-Yan events is determined
from the simulation.

The total amount of data, various backgrounds, and expected signal are shown in Table I after 0, 1, and at least
2 b-tagged jets are required, in the dielectron and dimuon channels. Figure 1 shows the invariant mass of the two
leading-pT jets, in the non-b-tagged, 1T, and 2L channels, for the combined dielectron and dimuon samples.
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TABLE I: The number of data, background, and expected SM signal events (and systematic uncertainty) after 0, 1 tight (but
not ≥2 loose), and ≥2 loose b-tagged jets are required, in the dielectron and dimuon channels.
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ZH 115 GeV 0.76±0.034 0.23±0.012 0.23±0.019 0.69±0.031 0.31±0.17 0.30±0.025

QCD 89.4±44.7 1.73±0.87 0.74±0.37 47.3±23.7 0.25±0.13 0.88±0.44

Z + (udscg) 2451±490 (udsg) 7.17±1.4 (udsg) 5.12±1.0 (udsg) 4400±880 46.0±9.2 19.2±3.8

252±50 (c) 14.1±2.8 (c) 5.53±1.1 (c)
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FIG. 1: The leading-pT di-jet invariant mass distributions for non-b-tagged (a), 1T (b), and 2L (c) channels, for a Higgs mass
of 115 GeV.

IV. SIMULATION

Using the CTEQ6L1 [4] leading-order parton distribution functions, the following physics processes are simulated to
estimate the signal acceptance and the number of background events: Z(→ l+l−)H(→ bb̄) by pythia [6], Z(→ l+l−)jj
including Z(→ l+l−)cc by alpgen [7], Z(→ l+l−)bb by alpgen, tt̄ → l+νbl−ν̄b̄ and tt̄ → bbjjlν by alpgen, inclusive
ZZ and WZ by pythia. The samples generated by alpgen are interfaced with pythia for parton showering
and hadronization. All the samples were run through the full GEANT based detector simulation, digitization, and
reconstruction. The signal cross sections, as well as those for tt̄, WZ, and ZZ are taken from MCFM [5], which is
NLO. For the alpgen samples, a matching procedure (MLM) was used so as to not double count the radiation of
additional jets between alpgen and pythia. In addition, NLO k-factors of 1.23 and 1.35 were applied to the Z+light
and Z+bb̄ samples, respectively, to account for the NLO cross sections of these process (as calculated with MCFM)
as compared to the LO cross sections from alpgen. All simulated samples are scaled, prior to b-tagging to agree
with the number of observed data event under the Z mass peak. Also, since the Z pT distribution is poorly modeled
in Z + light jet simulation, the Z + light jet simulated samples are re-weighted to the Z pT observed in data before
b-tagging. The shape of the QCD background, where jets create the reconstructed leptons, is obtained from data
where the QCD contribution is enhanced by inverting the lepton quality requirements. The QCD contribution is then
normalized by fitting the dilepton invariant mass by a Breit-Wigner function convoluted with a Gaussian for the Z
peak, and an exponential shape for QCD and Drell-Yan processes. The fraction of Drell-Yan events is determined
from the simulation.

The total amount of data, various backgrounds, and expected signal are shown in Table I after 0, 1, and at least
2 b-tagged jets are required, in the dielectron and dimuon channels. Figure 1 shows the invariant mass of the two
leading-pT jets, in the non-b-tagged, 1T, and 2L channels, for the combined dielectron and dimuon samples.
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FIG. 5: The NN output distributions for non-b-tagged (a), 1T (b), and 2L (c) channels, for a Higgs mass of 115 GeV.
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FIG. 5: The NN output distributions for non-b-tagged (a), 1T (b), and 2L (c) channels, for a Higgs mass of 115 GeV.
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FIG. 6: The 95% confidence level upper limits on the ZH cross sections (a), the ratios to the SM cross section (b), and
log-likelihood ratios (c).
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TABLE I: The number of data, background, and expected SM signal events (and systematic uncertainty) after 0, 1 tight (but
not ≥2 loose), and ≥2 loose b-tagged jets are required, in the dielectron and dimuon channels.

Sample dielectron channel dimuon channel

Before b-tagging 1T 2L Before b-tagging 1T 2L

Data 2985 73 24 4669 87 53

Total Bgnd. 2961±533 57.4±21 27.9±7.8 4671±841 101.4±38 45.7±12.8

ZH 115 GeV 0.76±0.034 0.23±0.012 0.23±0.019 0.69±0.031 0.31±0.17 0.30±0.025

QCD 89.4±44.7 1.73±0.87 0.74±0.37 47.3±23.7 0.25±0.13 0.88±0.44

Z + (udscg) 2451±490 (udsg) 7.17±1.4 (udsg) 5.12±1.0 (udsg) 4400±880 46.0±9.2 19.2±3.8

252±50 (c) 14.1±2.8 (c) 5.53±1.1 (c)

Z + 2b 120±26 29.6±9.5 12.0±3.8 168±37 47.6±15.2 18.5±5.9

tt̄ 9.6±0.86 2.8±0.28 3.1±0.37 10.6±0.96 4.8±0.48 5.3±0.64

WZ 20.3±1.8 0.60±0.07 0.17±0.02 24.2±2.2 0.82±0.09 0.24±0.03

ZZ 18.0±1.4 1.40±1.3 1.17±0.13 21.4±1.7 1.95±0.18 1.48±0.16
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FIG. 1: The leading-pT di-jet invariant mass distributions for non-b-tagged (a), 1T (b), and 2L (c) channels, for a Higgs mass
of 115 GeV.

IV. SIMULATION

Using the CTEQ6L1 [4] leading-order parton distribution functions, the following physics processes are simulated to
estimate the signal acceptance and the number of background events: Z(→ l+l−)H(→ bb̄) by pythia [6], Z(→ l+l−)jj
including Z(→ l+l−)cc by alpgen [7], Z(→ l+l−)bb by alpgen, tt̄ → l+νbl−ν̄b̄ and tt̄ → bbjjlν by alpgen, inclusive
ZZ and WZ by pythia. The samples generated by alpgen are interfaced with pythia for parton showering
and hadronization. All the samples were run through the full GEANT based detector simulation, digitization, and
reconstruction. The signal cross sections, as well as those for tt̄, WZ, and ZZ are taken from MCFM [5], which is
NLO. For the alpgen samples, a matching procedure (MLM) was used so as to not double count the radiation of
additional jets between alpgen and pythia. In addition, NLO k-factors of 1.23 and 1.35 were applied to the Z+light
and Z+bb̄ samples, respectively, to account for the NLO cross sections of these process (as calculated with MCFM)
as compared to the LO cross sections from alpgen. All simulated samples are scaled, prior to b-tagging to agree
with the number of observed data event under the Z mass peak. Also, since the Z pT distribution is poorly modeled
in Z + light jet simulation, the Z + light jet simulated samples are re-weighted to the Z pT observed in data before
b-tagging. The shape of the QCD background, where jets create the reconstructed leptons, is obtained from data
where the QCD contribution is enhanced by inverting the lepton quality requirements. The QCD contribution is then
normalized by fitting the dilepton invariant mass by a Breit-Wigner function convoluted with a Gaussian for the Z
peak, and an exponential shape for QCD and Drell-Yan processes. The fraction of Drell-Yan events is determined
from the simulation.

The total amount of data, various backgrounds, and expected signal are shown in Table I after 0, 1, and at least
2 b-tagged jets are required, in the dielectron and dimuon channels. Figure 1 shows the invariant mass of the two
leading-pT jets, in the non-b-tagged, 1T, and 2L channels, for the combined dielectron and dimuon samples.
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TABLE I: The number of data, background, and expected SM signal events (and systematic uncertainty) after 0, 1 tight (but
not ≥2 loose), and ≥2 loose b-tagged jets are required, in the dielectron and dimuon channels.

Sample dielectron channel dimuon channel

Before b-tagging 1T 2L Before b-tagging 1T 2L

Data 2985 73 24 4669 87 53

Total Bgnd. 2961±533 57.4±21 27.9±7.8 4671±841 101.4±38 45.7±12.8

ZH 115 GeV 0.76±0.034 0.23±0.012 0.23±0.019 0.69±0.031 0.31±0.17 0.30±0.025

QCD 89.4±44.7 1.73±0.87 0.74±0.37 47.3±23.7 0.25±0.13 0.88±0.44

Z + (udscg) 2451±490 (udsg) 7.17±1.4 (udsg) 5.12±1.0 (udsg) 4400±880 46.0±9.2 19.2±3.8

252±50 (c) 14.1±2.8 (c) 5.53±1.1 (c)

Z + 2b 120±26 29.6±9.5 12.0±3.8 168±37 47.6±15.2 18.5±5.9

tt̄ 9.6±0.86 2.8±0.28 3.1±0.37 10.6±0.96 4.8±0.48 5.3±0.64

WZ 20.3±1.8 0.60±0.07 0.17±0.02 24.2±2.2 0.82±0.09 0.24±0.03

ZZ 18.0±1.4 1.40±1.3 1.17±0.13 21.4±1.7 1.95±0.18 1.48±0.16
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FIG. 1: The leading-pT di-jet invariant mass distributions for non-b-tagged (a), 1T (b), and 2L (c) channels, for a Higgs mass
of 115 GeV.

IV. SIMULATION

Using the CTEQ6L1 [4] leading-order parton distribution functions, the following physics processes are simulated to
estimate the signal acceptance and the number of background events: Z(→ l+l−)H(→ bb̄) by pythia [6], Z(→ l+l−)jj
including Z(→ l+l−)cc by alpgen [7], Z(→ l+l−)bb by alpgen, tt̄ → l+νbl−ν̄b̄ and tt̄ → bbjjlν by alpgen, inclusive
ZZ and WZ by pythia. The samples generated by alpgen are interfaced with pythia for parton showering
and hadronization. All the samples were run through the full GEANT based detector simulation, digitization, and
reconstruction. The signal cross sections, as well as those for tt̄, WZ, and ZZ are taken from MCFM [5], which is
NLO. For the alpgen samples, a matching procedure (MLM) was used so as to not double count the radiation of
additional jets between alpgen and pythia. In addition, NLO k-factors of 1.23 and 1.35 were applied to the Z+light
and Z+bb̄ samples, respectively, to account for the NLO cross sections of these process (as calculated with MCFM)
as compared to the LO cross sections from alpgen. All simulated samples are scaled, prior to b-tagging to agree
with the number of observed data event under the Z mass peak. Also, since the Z pT distribution is poorly modeled
in Z + light jet simulation, the Z + light jet simulated samples are re-weighted to the Z pT observed in data before
b-tagging. The shape of the QCD background, where jets create the reconstructed leptons, is obtained from data
where the QCD contribution is enhanced by inverting the lepton quality requirements. The QCD contribution is then
normalized by fitting the dilepton invariant mass by a Breit-Wigner function convoluted with a Gaussian for the Z
peak, and an exponential shape for QCD and Drell-Yan processes. The fraction of Drell-Yan events is determined
from the simulation.

The total amount of data, various backgrounds, and expected signal are shown in Table I after 0, 1, and at least
2 b-tagged jets are required, in the dielectron and dimuon channels. Figure 1 shows the invariant mass of the two
leading-pT jets, in the non-b-tagged, 1T, and 2L channels, for the combined dielectron and dimuon samples.
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FIG. 5: The NN output distributions for non-b-tagged (a), 1T (b), and 2L (c) channels, for a Higgs mass of 115 GeV.
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FIG. 6: The 95% confidence level upper limits on the ZH cross sections (a), the ratios to the SM cross section (b), and
log-likelihood ratios (c).
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SM cross section, as functions of the Higgs test mass, for the combined CDF and DØ analyses. The limits are expressed as
a multiple of the SM prediction for test masses for which both experiments have performed dedicated searches in different
channels. The WH/ZH with H → bb̄ channels are contributing for mH ≤ 150 GeV. The H → WW and WH → WWW
channels are contributing for mH ≥ 120 GeV. The points are joined by straight lines for better readability. The bands indicate
the 68% and 95% probability regions where the limits can fluctuate, in the absence of signal. Also shown are the expected
upper limits obtained for all combined CDF channels, and for all combined DØ channels.

obs: 6.2

exp: 4.3

Tevatron New Phenomena/Higgs Working Group 
combination December 2007 arXiv:0712.2383
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Projecting Higgs Reach to 2010
Improvements assumed in projections
✦ b-tagging

• b-tagging with Layer 0 (~8% per tag efficiency increase, DØ)
• add semileptonic b-tags (~5% per tag efficiency increase, DØ)
• improved usage of existing taggers (~25%, CDF)
• add single-b-tag channel to ZH→vvbb (DØ)

✦ Acceptance
• include forward electrons in WH (DØ)
• include 3-jet sample in WH (DØ)
• 25% trigger acceptance (CDF)

✦ Analysis techniques
• improved multivariate analyses (~20% in sensitivity)
• better usage of ETmiss 

• di-jet mass resolution (from 18% to 15% in σ(m)/m, DØ)
✦ scaling of systematic uncertainties as a function of luminosity
Additional improvements not yet included in projection

inclusion of tau channels
charm rejection in single b-tag analyses
optimizing H→WW at low mass
…



Higgs Status and Projections
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Conclusion

With data accumulated by the end of 2010, we expect
• 95% exclusion possible over almost entire allowed mass range
• 3σ evidence possible at low and high ends of range

Combination of two experiments assumed
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Limit Setting: LLR

“Data excess” scenario
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