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✦ Why H➔bb ? Why perform VH analysis?

✦ Complex analysis with numerous categories : 

✦ VH : ZH (Z➔ ν+ν), WH (W➔ l+ν) and ZH (Z➔ l+l). 

✦ Signal regions : 2 jets and 3jets.

✦ Control regions for W/Z + jets and Top background. 

✦ Each region have 5(3) W/Z PT  bins.

✦ Background modeling

✦ QCD : data driven

✦ W/Z + jets : Δɸ(jj) correction, normalization float in global fit.

✦ Top : Top PT correction, normalization float in global fit.

✦ Single top, Diboson : from MC.
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Introduction

Statistical treatment :
✦ Global Fit : Use complimentary information from all 

regions to constrain background normalizations and 
shapes.

✦ SM Diboson Fit :  Validation of fit model with identical 
procedure used for the Higgs boson search.

✦ Higgs Fit : Perform search for the VH (H➔bb) production.
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Global fit : input

4

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a

t
i
o

n
o

n
l
y

0 50 100 150 200 250

E
ve

n
ts

210

310
Data
VH(bb) (best fit)
VZ
tt

t, s+t chan
Wt
W+bb
W+cc
W+cl
Z+bb
Z+bl
Z+cc
Z+cl
Uncertainty
Pre-fit background

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

0 lep., 2 jets, 2 tags

 [GeV]V

T
p

0 50 100 150 200 250

D
a

ta
/M

C

0.9

1

1.1 0 50 100 150 200 250
E

ve
n

ts

210

310

Data
VH(bb) (best fit)
VZ
Multijet

tt
t, s+t chan
Wt
W+bb
W+cc
W+cl
Z+bb
Z+bl
Z+cc
Uncertainty
Pre-fit background

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

0 lep., 3 jets, 2 tags

 [GeV]V

T
p

0 50 100 150 200 250

D
a

ta
/M

C

0.9

1

1.1

Figure 20: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 0-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 21: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 1-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.

33

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a

t
i
o

n
o

n
l
y

0 50 100 150 200 250

E
ve

n
ts

210

310
Data
VH(bb) (best fit)
VZ
tt

t, s+t chan
Wt
W+bb
W+cc
W+cl
Z+bb
Z+bl
Z+cc
Z+cl
Uncertainty
Pre-fit background

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

0 lep., 2 jets, 2 tags

 [GeV]V

T
p

0 50 100 150 200 250

D
a
ta

/M
C

0.9

1

1.1 0 50 100 150 200 250

E
ve

n
ts

210

310

Data
VH(bb) (best fit)
VZ
Multijet

tt
t, s+t chan
Wt
W+bb
W+cc
W+cl
Z+bb
Z+bl
Z+cc
Uncertainty
Pre-fit background

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

0 lep., 3 jets, 2 tags

 [GeV]V

T
p

0 50 100 150 200 250

D
a
ta

/M
C

0.9

1

1.1

Figure 20: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 0-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 21: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 1-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 22: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 2-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 23: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-jet

(left) and 3-jet (right) 1-tag control regions of the 0-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 20: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 0-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 21: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 1-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 20: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 0-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 21: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 1-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 20: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 0-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 21: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 1-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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ATLAS-CONF-2013-079

mbb shape information are used in the signal regions.
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Global fit : constrain normalization
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Figure 8: The dijet mass distribution in data (points with error bars) and simulation (histograms) for the
2-jet (left) and 3-jet (right) 1-tag control regions of the 2-lepton channel, with all pV

T intervals combined.
The Higgs boson signal (mH = 125 GeV) and background contributions after the global fit are shown
as filled histograms. The size of the combined statistical and systematic uncertainty on the fitted sig-
nal+background is indicated by the hashed band. The dashed blue histogram shows the total background
as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in the last bin.
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Figure 9: The mbb distribution in data (points with error bars) and simulation (histograms) for the top
validation and control regions of the 2-lepton channel, with all pV

T intervals combined. The validation
region is defined by the m`` sidebands (left), and the control region by the eµ selection (right); they are
inclusive in jet multiplicity (n >= 2 jets). The Higgs boson signal (mH = 125 GeV) and background
contributions after the global fit are shown as filled histograms. The size of the combined statistical and
systematic uncertainty on the fitted signal+background is indicated by the hashed band. The dashed blue
histogram shows the total background as expected from the pre-fit Monte Carlo simulation. The entries
in overflow are included in the last bin.
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Figure 6: The dijet mass distribution in data (points with error bars) and simulation (histograms) for the
2-jet (left) and 3-jet (right) 1-tag control regions of the 0-lepton channel, with all pV

T intervals combined.
The Higgs boson signal (mH = 125 GeV) and background contributions after the global fit are shown
as filled histograms. The size of the combined statistical and systematic uncertainty on the fitted sig-
nal+background is indicated by the hashed band. The dashed blue histogram shows the total background
as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in the last bin.
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Figure 7: The dijet mass distribution in data (points with error bars) and simulation (histograms) for the
2-jet (left) and 3-jet (right) 1-tag control regions of the 1-lepton channel, with all pV

T intervals combined.
The Higgs boson signal (mH = 125 GeV) and background contributions after the global fit are shown
as filled histograms. The size of the combined statistical and systematic uncertainty on the fitted sig-
nal+background is indicated by the hashed band. The dashed blue histogram shows the total background
as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in the last bin.
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Figure 4: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
2-jet signal regions of the 2-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 1: The mbb distribution in data (points with error bars) and simulation (histograms) for the six
signal regions of the 0-lepton channel. The 2-jet and 3-jet regions are shown on the left and on the right,
respectively. The background contributions after the global fit are shown as filled histograms. The Higgs
boson signal (mH = 125 GeV) is shown as filled histograms on top of the fitted backgrounds both after
the global fit (indicated as “best fit”) and as expected from the SM ( indicated as µ = 1.0). The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 20: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 0-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 21: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 1-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 20: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 0-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 21: The pV
T distribution in data (points with error bars) and simulation (histograms) for the 2-

jet (left) and 3-jet (right) 2-tag signal regions of the 1-lepton channel. The Higgs boson signal (mH =

125 GeV) and background contributions after the global fit are shown as filled histograms. The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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•Strictly require the normalization of all backgrounds to be 
controlled by the same parameter globally.
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A signal strength parameter, µ, multiplies the expected SM Higgs boson production cross section.
The impact of systematic uncertainties on the signal and background expectations is described by nui-
sance parameters, ✓, which are parameterised by Gaussian or log-normal priors. The expected numbers
of signal and background events in each bin are functions of ✓. The test statistic qµ is then constructed
according to the profile likelihood ratio: qµ = �2ln(L(µ, ˆ̂✓µ)/L(µ̂, ✓̂)), where µ̂ and ✓̂ are the parameters
that maximise the likelihood (with the constraint 0  µ̂  µ), and ˆ̂✓µ are the nuisance parameter values
that maximise the likelihood for a given µ. This test statistic is used to measure the compatibility of
the background-only hypothesis with the observed data and for exclusion intervals derived with the CLs
method [69, 70].

The normalisations of the tt, Wb, Wcl, Zb, and Zcl backgrounds are allowed to float freely in the
fit. Depending on the size of the multijet background contribution in each region, its normalisation
floats freely or within its prior. The normalisations of the other backgrounds are constrained within their
uncertainties as described in Sec. 7. The normalisation rescaling factors resulting from the fit are shown
in Table 4.

Table 4: Rescaling factors obtained from the global fit to the 7 TeV + 8 TeV data for the normalisation of
the tt, Wb, Wcl, Zb, and Zcl backgrounds. The errors include the statistical and systematic uncertainties.

Process Scale factor
tt 1.13 ± 0.05
Wb 0.89 ± 0.15
Wcl 1.05 ± 0.14
Zb 1.30 ± 0.07
Zcl 0.89 ± 0.48

Diboson production with a Z boson decaying to a pair of b-quarks and produced in association with
either a W or Z boson has a signature very similar to the one considered in this analysis, but with a softer
pbb

T spectrum and with a mbb distribution peaking at lower values. The cross section is about five times
larger than for the SM Higgs boson. A separate fit is therefore performed as a validation of the analysis
procedure. In this “Diboson fit”, the normalisation of the diboson contributions is allowed to vary with
a multiplicative scale factor µVZ with respect to the SM expectation, except for the small contribution
from WW production, which is treated as a background and constrained within its uncertainty. A SM
Higgs boson with mH = 125 GeV is included as a background, with a production cross section at the
SM value with an uncertainty of 50%. The fitted µVZ values are shown in Fig. 12 for the 7 TeV, 8 TeV
and combined datasets, and for the three channels separately and combined. The overall fitted value,
µVZ = 0.9± 0.2, agrees with the SM expectation of µVZ = 1 and corresponds to an observed significance
of 4.8�, with an expected significance of 5.1�.

The profile likelihood fit is then performed with the diboson contributions constrained to their SM
values within the uncertainties specified in Sec. 7 and with the Higgs boson signal strength µ as a free
parameter (“Higgs-boson fit”). Figures 1 to 5 show the mbb distributions in all signal regions, with
background normalisations, signal normalisation, and nuisance parameters adjusted by the Higgs-boson
fit. Agreement between data and estimated background is observed within the uncertainties shown by
the hashed bands. The fitted numbers of signal and background events after full selection are shown in
Table 5 for each lepton channel and in pV

T intervals. The numbers of observed events in data are also
shown.

The fitted value of the signal strength parameter is µ = 0.2±0.5(stat.)±0.4(syst.) for mH = 125 GeV.
Fitted µ values are shown in Fig. 13 for the 7 TeV, 8 TeV and combined datasets, and for the three
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Scale factors for normalizations 
of each background.

Obtained from global fit of 
7+8TeV

TTbar TTbar (float)

Wb Wbb, Wcc,Wbl (float)

Wcl Wcl (float)

Zb Zbb, Zcc, Zbl (float)

Zcl Zcl (float)

Wl 10%

Zl 10%

Singletop 4%-7%

Diboson 5%-7%



           YAO MING (U. Wisconsin)            Aug 15, 2013

Global fit : results
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Figure 2: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
2-jet signal regions of the 1-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 2: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
2-jet signal regions of the 1-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 2: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
2-jet signal regions of the 1-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 2: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
2-jet signal regions of the 1-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.

8

1 Lepton : 2jet(2b-tag)

Mbb [GeV] Mbb [GeV] Mbb [GeV]

Mbb [GeV] Mbb [GeV]

160 GeV < WPT < 200 GeV 200 GeV <  WPT

120 GeV < WPT < 160 GeV90 GeV < WPT < 120 GeVWPT < 90 GeV

ATLAS-CONF-2013-079

Same level of agreement 
in all 3 channels.
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SM diboson fit (I)
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Common selection:

+ Reconstruct vector boson candidate (W→lv, Z→vv, Z→ll; l=e,µ) 

+ Reconstruct the Higgs candidate
+ 2 jets (pT > 20 GeV and central region)
+ Leading jet pT > 45 GeV
+ Both jets b-tagged (70% efficiency)
+ ∆R cuts between the two leading jets depending on 
transverse momentum of vector boson - pT(V)

+ Channel-specific kinematic cuts to suppress QCD and other 
backgrounds (see backup slides)
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Associated production VH, H→bb
+ provides signatures for triggering and to 

reduce backgrounds

V = W, Z

pT(V) defined as:
W→lv: pT(l+missing transverse energy)
Z→ll: pT(ll)
Z→vv: pT(missing transverse energy)
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Common selection:

+ Reconstruct vector boson candidate (W→lv, Z→vv, Z→ll; l=e,µ) 

+ Reconstruct the Higgs candidate
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+ Both jets b-tagged (70% efficiency)
+ ∆R cuts between the two leading jets depending on 
transverse momentum of vector boson - pT(V)

+ Channel-specific kinematic cuts to suppress QCD and other 
backgrounds (see backup slides)
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Common selection:

+ Reconstruct vector boson candidate (W→lv, Z→vv, Z→ll; l=e,µ) 

+ Reconstruct the Higgs candidate
+ 2 jets (pT > 20 GeV and central region)
+ Leading jet pT > 45 GeV
+ Both jets b-tagged (70% efficiency)
+ ∆R cuts between the two leading jets depending on 
transverse momentum of vector boson - pT(V)

+ Channel-specific kinematic cuts to suppress QCD and other 
backgrounds (see backup slides)
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3

•Diboson with a Z boson decaying to a pair of b quarks has a signature 
very similar to the one considered in this analysis.

✦   Softer PTbb spectrum.
✦   Lower mbb value
✦   Larger cross-section (5⨉)

• Perform diboson fit as a validation of the analysis procedure
✦ Allow normalization of diboson to float with scale factor μVZ.
✦ SM Higgs boson treated as a background with 50% uncertainty on 

the cross-section
✦ Small contribution of  WW is considered as a background.
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SM diboson fit (II)

14

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a

t
i
o

n
o

n
l
y

] 
VZ

µSignal strength [

0 1 2

ATLAS Prelim.

-1Ldt = 4.7 fb∫ = 7 TeV s
-1Ldt = 20.3 fb∫ = 8 TeV s

0.5-

0.5+ = 0.7
VZ

µ
), 7 TeVbVZ(b

<0.1
0.4±
0.3±

0.7-

0.8+ = 1.1
VZ

µVZ, 0 lepton 0.5±

0.7-

0.8+ = 0.7
VZ

µVZ, 1 lepton 0.8±

0.8-

0.8+ = 0.3
VZ

µVZ, 2 leptons 0.5±

0.2-

0.2+ = 1.0
VZ

µ
), 8 TeVbVZ(b

<0.1
0.2±
0.1±

0.3-

0.4+ = 1.2
VZ

µVZ, 0 lepton 0.2±

0.3-

0.3+ = 0.9
VZ

µVZ, 1 lepton 0.2±

0.4-

0.4+ = 0.9
VZ

µVZ, 2 leptons 0.2±

0.2-

0.2+ = 0.9
VZ

µ
)bComb. VZ(b

<0.1
0.2±
0.1±

0.3-

0.3+ = 1.2
VZ

µVZ, 0 lepton 0.2±

0.3-

0.3+ = 0.9
VZ

µVZ, 1 lepton 0.2±

0.3-

0.4+ = 0.8
VZ

µVZ, 2 leptons 0.2±

Total uncertainty

VZ
µ on σ 1±

(stat)σ
(sys)σ
(theo)σ

Figure 12: The fitted diboson signal strength µVZ for the 7 TeV, 8 TeV, and combined datasets, and for the
three channels separately and combined. The individual µVZ-values for the lepton channels are obtained
from a simultaneous fit with the signal strength for each floating independently.
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Figure 13: The fitted values of the Higgs-boson signal strength parameter µ for the 7 TeV, 8 TeV, and
combined datasets, and for the three channels separately and combined, all for mH = 125 GeV. The
individual µ-values for the lepton channels are obtained from a simultaneous fit with the signal strength
for each floating independently.
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The individual μVZ values
for the lepton channels are 
obtained from a simultaneous 
fit with the signal strength 
for each channel floating 
independently.

μVZ = 0.9 ± 0.2 
Agrees with the SM 

expectation of μVZ = 1.0

μVZ values calculated for 7TeV, 
8TeV separately and combined 
together.
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Higgs fit : Zero Lepton

15

 Fit with diboson contributions constrained to their SM values within 
uncertainties and with the Higgs boson signal strength μ as a free parameter.
Zero Lepton ATLAS-CONF-2013-079
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Figure 1: The mbb distribution in data (points with error bars) and simulation (histograms) for the six
signal regions of the 0-lepton channel. The 2-jet and 3-jet regions are shown on the left and on the right,
respectively. The background contributions after the global fit are shown as filled histograms. The Higgs
boson signal (mH = 125 GeV) is shown as filled histograms on top of the fitted backgrounds both after
the global fit (indicated as “best fit”) and as expected from the SM ( indicated as µ = 1.0). The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 14: The mbb distribution in data after subtraction of all backgrounds except for the diboson pro-
cesses and for the associated WH and ZH production of a SM Higgs boson with mH = 125 GeV (left).
Also shown is the mbb distribution where the contributions from all channels, pV

T intervals, and data
taking periods are summed weighted by their respective values of Higgs-boson-signal over background
ratio (right). The backgrounds are evaluated according to the results of the global Higgs-boson fit. The
Higgs boson signal contribution is shown both with its fitted signal strength (indicated as “best fit”) and
as expected for the SM cross section ( indicated as µ = 1.0). The size of the combined statistical and
systematic uncertainty on the fitted background is indicated by the hashed band.
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Figure 1: The mbb distribution in data (points with error bars) and simulation (histograms) for the six
signal regions of the 0-lepton channel. The 2-jet and 3-jet regions are shown on the left and on the right,
respectively. The background contributions after the global fit are shown as filled histograms. The Higgs
boson signal (mH = 125 GeV) is shown as filled histograms on top of the fitted backgrounds both after
the global fit (indicated as “best fit”) and as expected from the SM ( indicated as µ = 1.0). The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 14: The mbb distribution in data after subtraction of all backgrounds except for the diboson pro-
cesses and for the associated WH and ZH production of a SM Higgs boson with mH = 125 GeV (left).
Also shown is the mbb distribution where the contributions from all channels, pV

T intervals, and data
taking periods are summed weighted by their respective values of Higgs-boson-signal over background
ratio (right). The backgrounds are evaluated according to the results of the global Higgs-boson fit. The
Higgs boson signal contribution is shown both with its fitted signal strength (indicated as “best fit”) and
as expected for the SM cross section ( indicated as µ = 1.0). The size of the combined statistical and
systematic uncertainty on the fitted background is indicated by the hashed band.
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bands represent the 1� and 2� ranges of the expectation in the absence of a signal.
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Figure 3: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
3-jet signal regions of the 1-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 2: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
2-jet signal regions of the 1-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Higgs fit : One Lepton

16

 Fit with diboson contributions constrained to their SM values within 
uncertainties and with the Higgs boson signal strength μ as a free parameter.
One Lepton ATLAS-CONF-2013-079
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Figure 14: The mbb distribution in data after subtraction of all backgrounds except for the diboson pro-
cesses and for the associated WH and ZH production of a SM Higgs boson with mH = 125 GeV (left).
Also shown is the mbb distribution where the contributions from all channels, pV

T intervals, and data
taking periods are summed weighted by their respective values of Higgs-boson-signal over background
ratio (right). The backgrounds are evaluated according to the results of the global Higgs-boson fit. The
Higgs boson signal contribution is shown both with its fitted signal strength (indicated as “best fit”) and
as expected for the SM cross section ( indicated as µ = 1.0). The size of the combined statistical and
systematic uncertainty on the fitted background is indicated by the hashed band.
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Figure 14: The mbb distribution in data after subtraction of all backgrounds except for the diboson pro-
cesses and for the associated WH and ZH production of a SM Higgs boson with mH = 125 GeV (left).
Also shown is the mbb distribution where the contributions from all channels, pV

T intervals, and data
taking periods are summed weighted by their respective values of Higgs-boson-signal over background
ratio (right). The backgrounds are evaluated according to the results of the global Higgs-boson fit. The
Higgs boson signal contribution is shown both with its fitted signal strength (indicated as “best fit”) and
as expected for the SM cross section ( indicated as µ = 1.0). The size of the combined statistical and
systematic uncertainty on the fitted background is indicated by the hashed band.
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Figure 4: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
2-jet signal regions of the 2-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Higgs fit : Two Lepton
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 Fit with diboson contributions constrained to their SM values within 
uncertainties and with the Higgs boson signal strength μ as a free parameter.
Two Lepton ATLAS-CONF-2013-079
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Figure 14: The mbb distribution in data after subtraction of all backgrounds except for the diboson pro-
cesses and for the associated WH and ZH production of a SM Higgs boson with mH = 125 GeV (left).
Also shown is the mbb distribution where the contributions from all channels, pV

T intervals, and data
taking periods are summed weighted by their respective values of Higgs-boson-signal over background
ratio (right). The backgrounds are evaluated according to the results of the global Higgs-boson fit. The
Higgs boson signal contribution is shown both with its fitted signal strength (indicated as “best fit”) and
as expected for the SM cross section ( indicated as µ = 1.0). The size of the combined statistical and
systematic uncertainty on the fitted background is indicated by the hashed band.
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combined. The expected upper limit is given for the background-only hypothesis. The green and yellow
bands represent the 1� and 2� ranges of the expectation in the absence of a signal.
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Figure 5: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
3-jet signal regions of the 2-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 14: The mbb distribution in data after subtraction of all backgrounds except for the diboson pro-
cesses and for the associated WH and ZH production of a SM Higgs boson with mH = 125 GeV (left).
Also shown is the mbb distribution where the contributions from all channels, pV

T intervals, and data
taking periods are summed weighted by their respective values of Higgs-boson-signal over background
ratio (right). The backgrounds are evaluated according to the results of the global Higgs-boson fit. The
Higgs boson signal contribution is shown both with its fitted signal strength (indicated as “best fit”) and
as expected for the SM cross section ( indicated as µ = 1.0). The size of the combined statistical and
systematic uncertainty on the fitted background is indicated by the hashed band.
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Figure 15: Expected (dashed) and observed (solid) 95% CL cross section upper limits, normalised to the
SM Higgs boson production cross section, as a function of mH for all channels and data taking periods
combined. The expected upper limit is given for the background-only hypothesis. The green and yellow
bands represent the 1� and 2� ranges of the expectation in the absence of a signal.
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Figure 14: The mbb distribution in data after subtraction of all backgrounds except for the diboson pro-
cesses and for the associated WH and ZH production of a SM Higgs boson with mH = 125 GeV (left).
Also shown is the mbb distribution where the contributions from all channels, pV

T intervals, and data
taking periods are summed weighted by their respective values of Higgs-boson-signal over background
ratio (right). The backgrounds are evaluated according to the results of the global Higgs-boson fit. The
Higgs boson signal contribution is shown both with its fitted signal strength (indicated as “best fit”) and
as expected for the SM cross section ( indicated as µ = 1.0). The size of the combined statistical and
systematic uncertainty on the fitted background is indicated by the hashed band.
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Figure 15: Expected (dashed) and observed (solid) 95% CL cross section upper limits, normalised to the
SM Higgs boson production cross section, as a function of mH for all channels and data taking periods
combined. The expected upper limit is given for the background-only hypothesis. The green and yellow
bands represent the 1� and 2� ranges of the expectation in the absence of a signal.
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Observed limit : 1.4 ⨉ SM
Expected limit : 1.3 ⨉ SM

mH = 125 GeV
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Figure 14: The mbb distribution in data after subtraction of all backgrounds except for the diboson pro-
cesses and for the associated WH and ZH production of a SM Higgs boson with mH = 125 GeV (left).
Also shown is the mbb distribution where the contributions from all channels, pV

T intervals, and data
taking periods are summed weighted by their respective values of Higgs-boson-signal over background
ratio (right). The backgrounds are evaluated according to the results of the global Higgs-boson fit. The
Higgs boson signal contribution is shown both with its fitted signal strength (indicated as “best fit”) and
as expected for the SM cross section ( indicated as µ = 1.0). The size of the combined statistical and
systematic uncertainty on the fitted background is indicated by the hashed band.
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Figure 15: Expected (dashed) and observed (solid) 95% CL cross section upper limits, normalised to the
SM Higgs boson production cross section, as a function of mH for all channels and data taking periods
combined. The expected upper limit is given for the background-only hypothesis. The green and yellow
bands represent the 1� and 2� ranges of the expectation in the absence of a signal.
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Figure 12: The fitted diboson signal strength µVZ for the 7 TeV, 8 TeV, and combined datasets, and for the
three channels separately and combined. The individual µVZ-values for the lepton channels are obtained
from a simultaneous fit with the signal strength for each floating independently.
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Figure 13: The fitted values of the Higgs-boson signal strength parameter µ for the 7 TeV, 8 TeV, and
combined datasets, and for the three channels separately and combined, all for mH = 125 GeV. The
individual µ-values for the lepton channels are obtained from a simultaneous fit with the signal strength
for each floating independently.
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The fitted value of the signal strength parameter is : 
μ = 0.2 ± 0.5(stat) ± 0.4(syst)

mH=125GeV

ATLAS-CONF-2013-079
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Results : Significance for VH (H➔bb)
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Observed significance σ : 0.36
Expected significance σ : 1.64
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Figure 17: The observed local p0 as a function of the Higgs boson mass. The dashed curves show the
expected local p0 under the hypothesis of a SM Higgs boson signal at that mass. Results are shown
separately for the 7 TeV data (blue), the 8 TeV data (red), and the full dataset (black).

 [GeV]H m

110 115 120 125 130 135 140 145 150

S
M

σ/
σ

 9
5

%
 C

.L
. 

lim
it 

o
n

 

0
2
4

6

8
10
12
14

16
18
20
22
24

)bVH(b

 PreliminaryATLAS
-1

 Ldt = 4.7 fb∫ = 7 TeV  s

Observed (CLs)

Expected (CLs)

σ 1±
σ 2±

(a)
p

s = 7 TeV

 [GeV]H m

110 115 120 125 130 135 140 145 150

S
M

σ/
σ

 9
5

%
 C

.L
. 

lim
it 

o
n

 

0

2

4

6

8

10

12

14

)bVH(b

 PreliminaryATLAS
-1

 Ldt = 20.3 fb∫ = 8 TeV  s

Observed (CLs)

Expected (CLs)

σ 1±
σ 2±

(b)
p

s = 8 TeV
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Conclusions

✴ New preliminary results from the ATLAS search for VH, H→bb production, 
combination of full 7 TeV (4.7 fb  ) and 8 TeV (20.3 fb  ) datasets.

✴ Complex analysis split into numerous categories to improve sensitivities.

✴ For Validation of the analysis, the diboson VZ cross-section is measured. The 
result is consistent with SM prediction with an observed (expected) 
significance of 4.8 (5.1) standard deviations.

✴ The search for VH production is performed and a combined observed 
(expected) limit of 1.4 (1.3) ⨉ SM at 95% CL is obtained.

✴  The observed signal strength is  0.2 ± 0.5(stat.) ± 0.4(syst.) at mH = 125GeV.

✴ Fit is consistent with both a SM Higgs and no SM Higgs.

✴ More data needed......
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back up
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Global fit : background treatment

23

•Multijet : Normalizations and shapes are estimated from data. 
•Other backgrounds : Taken from the simulation.
•Normalizations of the W/Z + jets and Top backgrounds are 
parameters in the global fit.
•Single top, diboson sample use the theoretical cross-section.

•Background contributions are different among channels, regions, 
and W/Z PT  bins, use global fit to constrain the W/Z+jets and Top.

•Use complimentary information from many regions to 
constrain background normalization and shape.
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Results : Limits for VH (H->bb)
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Figure 14: The mbb distribution in data after subtraction of all backgrounds except for the diboson pro-
cesses and for the associated WH and ZH production of a SM Higgs boson with mH = 125 GeV (left).
Also shown is the mbb distribution where the contributions from all channels, pV

T intervals, and data
taking periods are summed weighted by their respective values of Higgs-boson-signal over background
ratio (right). The backgrounds are evaluated according to the results of the global Higgs-boson fit. The
Higgs boson signal contribution is shown both with its fitted signal strength (indicated as “best fit”) and
as expected for the SM cross section ( indicated as µ = 1.0). The size of the combined statistical and
systematic uncertainty on the fitted background is indicated by the hashed band.
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Figure 17: The observed local p0 as a function of the Higgs boson mass. The dashed curves show the
expected local p0 under the hypothesis of a SM Higgs boson signal at that mass. Results are shown
separately for the 7 TeV data (blue), the 8 TeV data (red), and the full dataset (black).
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Figure 17: The observed local p0 as a function of the Higgs boson mass. The dashed curves show the
expected local p0 under the hypothesis of a SM Higgs boson signal at that mass. Results are shown
separately for the 7 TeV data (blue), the 8 TeV data (red), and the full dataset (black).
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7 TeV

8 TeV

Observed limit : 1.4 ⨉ SM
Expected limit : 1.3 ⨉ SM
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mH = 125 GeV
ATLAS-CONF-2013-079
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HCP 2012 review
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Figure 8: Expected (dashed) and observed (solid) CLs limit on the normalised signal strength as a func-

tion of mH for all channels for the
√
s = 7 TeV dataset (top left), the

√
s = 8 TeV dataset (top right) and

the combination of both datasets (bottom).
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Figure 8: Expected (dashed) and observed (solid) CLs limit on the normalised signal strength as a func-

tion of mH for all channels for the
√
s = 7 TeV dataset (top left), the

√
s = 8 TeV dataset (top right) and

the combination of both datasets (bottom).
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Figure 14: The mbb distribution in data after subtraction of all backgrounds except for the diboson pro-
cesses and for the associated WH and ZH production of a SM Higgs boson with mH = 125 GeV (left).
Also shown is the mbb distribution where the contributions from all channels, pV

T intervals, and data
taking periods are summed weighted by their respective values of Higgs-boson-signal over background
ratio (right). The backgrounds are evaluated according to the results of the global Higgs-boson fit. The
Higgs boson signal contribution is shown both with its fitted signal strength (indicated as “best fit”) and
as expected for the SM cross section ( indicated as µ = 1.0). The size of the combined statistical and
systematic uncertainty on the fitted background is indicated by the hashed band.

 [GeV]H m

110 115 120 125 130 135 140 145 150

S
M

σ/
σ

 9
5

%
 C

.L
. 

lim
it 

o
n

 

0

2

4

6

8

10

12

14

)bVH(b

 PreliminaryATLAS
-1

 Ldt = 20.3 fb∫ = 8 TeV  s

-1
 Ldt =  4.7 fb∫ = 7 TeV  s

Observed (CLs)

Expected (CLs)

σ 1±
σ 2±

Figure 15: Expected (dashed) and observed (solid) 95% CL cross section upper limits, normalised to the
SM Higgs boson production cross section, as a function of mH for all channels and data taking periods
combined. The expected upper limit is given for the background-only hypothesis. The green and yellow
bands represent the 1� and 2� ranges of the expectation in the absence of a signal.
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Figure 14: The mbb distribution in data after subtraction of all backgrounds except for the diboson pro-
cesses and for the associated WH and ZH production of a SM Higgs boson with mH = 125 GeV (left).
Also shown is the mbb distribution where the contributions from all channels, pV

T intervals, and data
taking periods are summed weighted by their respective values of Higgs-boson-signal over background
ratio (right). The backgrounds are evaluated according to the results of the global Higgs-boson fit. The
Higgs boson signal contribution is shown both with its fitted signal strength (indicated as “best fit”) and
as expected for the SM cross section ( indicated as µ = 1.0). The size of the combined statistical and
systematic uncertainty on the fitted background is indicated by the hashed band.
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Higgs fit : Zero Lepton

26

 Fit with diboson contributions constrained to their SM values within 
uncertainties and with the Higgs boson signal strength μ as a free parameter.
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Figure 1: The mbb distribution in data (points with error bars) and simulation (histograms) for the six
signal regions of the 0-lepton channel. The 2-jet and 3-jet regions are shown on the left and on the right,
respectively. The background contributions after the global fit are shown as filled histograms. The Higgs
boson signal (mH = 125 GeV) is shown as filled histograms on top of the fitted backgrounds both after
the global fit (indicated as “best fit”) and as expected from the SM ( indicated as µ = 1.0). The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 1: The mbb distribution in data (points with error bars) and simulation (histograms) for the six
signal regions of the 0-lepton channel. The 2-jet and 3-jet regions are shown on the left and on the right,
respectively. The background contributions after the global fit are shown as filled histograms. The Higgs
boson signal (mH = 125 GeV) is shown as filled histograms on top of the fitted backgrounds both after
the global fit (indicated as “best fit”) and as expected from the SM ( indicated as µ = 1.0). The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.

7

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a
t
i
o

n
o

n
l
y

50 100 150 200 250

E
ve

n
ts

50

100

150

200

250

300

Data
VH(bb) (best fit)
VZ
tt

t, s+t chan
Wt
W+bb
W+cc
W+cl
Z+bb
Z+bl
Z+cc
Z+cl
Uncertainty
Pre-fit background

=1.0)µVH(bb) (

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

<160 GeVV

T
0 lep., 2 jets, 2 tags, 120<p

 [GeV]bbm
50 100 150 200 250

D
a

ta
/M

C

0.5

1

1.5 50 100 150 200 250

E
ve

n
ts

20

40

60

80

100

120

140

160 Data
VH(bb) (best fit)
VZ
Multijet

tt
t, s+t chan
Wt
W+bb
W+cc
W+cl
Z+bb
Z+bl
Z+cc
Uncertainty
Pre-fit background

=1.0)µVH(bb) (

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

<160 GeVV

T
0 lep., 3 jets, 2 tags, 120<p

 [GeV]bbm
50 100 150 200 250

D
a

ta
/M

C

0.5

1

1.5

50 100 150 200 250

E
ve

n
ts

20

40

60

80

100

Data
VH(bb) (best fit)
VZ
tt

t, s+t chan
Wt
W+bb
W+cc
W+cl
Z+bb
Z+bl
Z+cc
Z+cl
Uncertainty
Pre-fit background

=1.0)µVH(bb) (

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

<200 GeVV

T
0 lep., 2 jets, 2 tags, 160<p

 [GeV]bbm
50 100 150 200 250

D
a

ta
/M

C

0.5

1

1.5 50 100 150 200 250

E
ve

n
ts

10

20

30

40

50
Data
VH(bb) (best fit)
VZ
tt

t, s+t chan
Wt
W+bb
W+cc
W+cl
Z+bb
Z+bl
Z+cc
Z+cl
Uncertainty
Pre-fit background

=1.0)µVH(bb) (

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

<200 GeVV

T
0 lep., 3 jets, 2 tags, 160<p

 [GeV]bbm
50 100 150 200 250

D
a

ta
/M

C

0.5

1

1.5

50 100 150 200 250

E
ve

n
ts

10

20

30

40

50

60

70

80 Data
VH(bb) (best fit)
VZ
tt

W+bb
W+cc
W+cl
Z+bb
Z+bl
Z+cc
Z+cl
Uncertainty
Pre-fit background

=1.0)µVH(bb) (

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

>200 GeVV

T
0 lep., 2 jets, 2 tags, p

 [GeV]bbm
50 100 150 200 250

D
a

ta
/M

C

0.5

1

1.5 50 100 150 200 250

E
ve

n
ts

5

10

15

20

25

30

35

Data
VH(bb) (best fit)
VZ
tt

Wt
W+bb
W+cc
W+cl
Z+bb
Z+bl
Z+cc
Z+cl
Uncertainty
Pre-fit background

=1.0)µVH(bb) (

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

>200 GeVV

T
0 lep., 3 jets, 2 tags, p

 [GeV]bbm
50 100 150 200 250

D
a

ta
/M

C

0.5

1

1.5

Figure 1: The mbb distribution in data (points with error bars) and simulation (histograms) for the six
signal regions of the 0-lepton channel. The 2-jet and 3-jet regions are shown on the left and on the right,
respectively. The background contributions after the global fit are shown as filled histograms. The Higgs
boson signal (mH = 125 GeV) is shown as filled histograms on top of the fitted backgrounds both after
the global fit (indicated as “best fit”) and as expected from the SM ( indicated as µ = 1.0). The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 1: The mbb distribution in data (points with error bars) and simulation (histograms) for the six
signal regions of the 0-lepton channel. The 2-jet and 3-jet regions are shown on the left and on the right,
respectively. The background contributions after the global fit are shown as filled histograms. The Higgs
boson signal (mH = 125 GeV) is shown as filled histograms on top of the fitted backgrounds both after
the global fit (indicated as “best fit”) and as expected from the SM ( indicated as µ = 1.0). The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 1: The mbb distribution in data (points with error bars) and simulation (histograms) for the six
signal regions of the 0-lepton channel. The 2-jet and 3-jet regions are shown on the left and on the right,
respectively. The background contributions after the global fit are shown as filled histograms. The Higgs
boson signal (mH = 125 GeV) is shown as filled histograms on top of the fitted backgrounds both after
the global fit (indicated as “best fit”) and as expected from the SM ( indicated as µ = 1.0). The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Figure 1: The mbb distribution in data (points with error bars) and simulation (histograms) for the six
signal regions of the 0-lepton channel. The 2-jet and 3-jet regions are shown on the left and on the right,
respectively. The background contributions after the global fit are shown as filled histograms. The Higgs
boson signal (mH = 125 GeV) is shown as filled histograms on top of the fitted backgrounds both after
the global fit (indicated as “best fit”) and as expected from the SM ( indicated as µ = 1.0). The size of
the combined statistical and systematic uncertainty on the fitted signal+background is indicated by the
hashed band. The dashed blue histogram shows the total background as expected from the pre-fit Monte
Carlo simulation. The entries in overflow are included in the last bin.
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Higgs fit : One Lepton

27

Fit with diboson contributions constrained to their SM values within 
uncertainties and with the Higgs boson signal strength μ as a free parameter.
One Lepton
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Figure 2: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
2-jet signal regions of the 1-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 2: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
2-jet signal regions of the 1-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 2: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
2-jet signal regions of the 1-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 3: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
3-jet signal regions of the 1-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 3: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
3-jet signal regions of the 1-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 3: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
3-jet signal regions of the 1-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 4: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
2-jet signal regions of the 2-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 4: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
2-jet signal regions of the 2-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 4: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
2-jet signal regions of the 2-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.

10

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a

t
i
o

n
o

n
l
y

50 100 150 200 250

E
ve

n
ts

50

100

150

200

250

300

350

400

Data
VH(bb) (best fit)
VZ
tt

Z+bb
Z+bl
Z+cc
Z+cl
Uncertainty
Pre-fit background

=1.0)µVH(bb) (

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

<90 GeVV

T
2 lep., 3 jets, 2 tags, p

 [GeV]bbm
50 100 150 200 250

D
a

ta
/M

C

0.5

1

1.5 50 100 150 200 250

E
ve

n
ts

10

20

30

40

50

60

70

80
Data
VH(bb) (best fit)
VZ
tt

Z+bb
Z+bl
Z+cc
Z+cl
Uncertainty
Pre-fit background

=1.0)µVH(bb) (

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

<120 GeVV

T
2 lep., 3 jets, 2 tags, 90<p

 [GeV]bbm
50 100 150 200 250

D
a

ta
/M

C

0.5

1

1.5

50 100 150 200 250

E
ve

n
ts

10

20

30

40

50

Data
VH(bb) (best fit)
VZ
tt

Z+bb
Z+bl
Z+cc
Z+cl
Uncertainty
Pre-fit background

=1.0)µVH(bb) (

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

<160 GeVV

T
2 lep., 3 jets, 2 tags, 120<p

 [GeV]bbm
50 100 150 200 250

D
a

ta
/M

C

0.5

1

1.5 50 100 150 200 250

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22
Data
VH(bb) (best fit)
VZ
tt

Z+bb
Z+bl
Z+cc
Z+cl
Uncertainty
Pre-fit background

=1.0)µVH(bb) (

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

<200 GeVV

T
2 lep., 3 jets, 2 tags, 160<p

 [GeV]bbm
50 100 150 200 250

D
a

ta
/M

C

0.5

1

1.5

50 100 150 200 250

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22
Data
VH(bb) (best fit)
VZ
Z+bb
Z+bl
Z+cc
Z+cl
Z+l
Uncertainty
Pre-fit background

=1.0)µVH(bb) (

ATLAS Preliminary

 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s

>200 GeVV

T
2 lep., 3 jets, 2 tags, p

 [GeV]bbm
50 100 150 200 250

D
a

ta
/M

C

0.5

1

1.5

Figure 5: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
3-jet signal regions of the 2-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 5: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
3-jet signal regions of the 2-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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Figure 5: The mbb distribution in data (points with error bars) and simulation (histograms) for the five
3-jet signal regions of the 2-lepton channel. The background contributions after the global fit are shown
as filled histograms. The Higgs boson signal (mH = 125 GeV) is shown as filled histograms on top
of the fitted backgrounds both after the global fit (indicated as “best fit”) and as expected from the
SM ( indicated as µ = 1.0). The size of the combined statistical and systematic uncertainty on the
fitted signal+background is indicated by the hashed band. The dashed blue histogram shows the total
background as expected from the pre-fit Monte Carlo simulation. The entries in overflow are included in
the last bin.
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