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Global Fit

3

• Higgs couplings can be calculated from 𝜎 x BR 
and total width ΓH 

• ΓH can be determined with high precision from  
VBF and ZH for H→bb  
 
(i.e.                     and                       )  
 
 
via a global fit  →  See Frank Simon talk for details

gHZZ2 gHbb2

Γ 
gHWW2 gHbb2

Γ 



Marco Szalay07-Oct-2014 LCWS2014 - H->bb/cc/gg at 350 GeV at CLIC

 [GeV]s

0 1000 2000 3000

 H
X

) 
[f

b
]

→
-

e
+

(e
σ

-2
10

-1
10

1

10

2
10

e
ν

e
νH

-
e

+
H e

H Z

H H Z

 Htt

e
ν

e
νHH 

350

W+

W-

Higgs production in e+e- collisions

4

- Vector Boson Fusion

Main H production channels at 350 GeV:!
- Higgs strahlung

Z

e�

e+

H

Z

W

W

e�

e+

⌫e

H

⌫e

Figure 1: The two main Higgs production processes at a LC.

250 GeV 350 GeV 500 GeV 1 TeV 1.5 TeV 3 TeV
�(e+e� ! ZH) 240 fb 129 fb 57 fb 13 fb 6 fb 1 fb
�(e+e� ! H⌫e⌫e) 8 fb 30 fb 75 fb 210 fb 309 fb 484 fb
Int. L 250 fb�1 350 fb�1 500 fb�1 1000 fb�1 1500 fb�1 2000 fb�1

# ZH events 60,000 45,500 28,500 13,000 7,500 2,000
# H⌫e⌫e events 2,000 10,500 37,500 210,000 460,000 970,000

Table 1: The leading-order Higgs unpolarised cross sections for the Higgs-strahlung and WW-fusion pro-
cesses at various centre-of-mass energies for mH = 125 GeV. Also listed is the expected number of events
accounting for the anticipated luminosities obtainable within 5 years of initial operation at each energy.

2.2 Higgs Coupling Measurements at
p

s < 500 GeV

The Higgs-strahlung process provides the opportunity to study the couplings of the Higgs boson in a model-
independent manner. This is unique to a LC. The clean experimental environment, and the relatively low SM
cross sections for background processes, allow e+e� ! ZH events to be selected based on the identification
of two opposite charged leptons with invariant mass consistent with mZ. The remainder of the event, i.e. the
Higgs decay, is not considered in the event selection. For example, Figure 2 shows the simulated invariant
mass distribution of the system recoiling against identified Z ! µ+µ� decays at a LC for

p
s = 250 GeV.

A clear peak at the generated Higgs mass of mH = 120 GeV is observed. Because only the properties of
the di-lepton system are used in the selection, this method provides an absolute measurement of the Higgs-
strahlung cross section, regardless of the Higgs boson decay modes; it would be equally valid if the Higgs
boson decayed to invisible final states. Hence a model-independent measurement of the coupling gHZZ can
be made. With a dedicated analysis using also the hadronic decays of the Z the sensitivity to invisible
decay modes can be improved very significantly as compared to the fully model-independent analysis. The
LC provides in fact a unique sensitivity to invisible decay modes of the Higgs boson, extending down to a
branching ratio into invisible states as low as 1%. The precisions achievable on the Higgs-strahlung cross
section and the coupling gHZZ are shown in Table 2 for mH = 120 GeV.

The recoil mass study provides an absolute measurement of the total ZH production cross section and
therefore the total number of Higgs bosons produced would be known with a statistical precision of 3 �
4 %. The systematic uncertainties from the knowledge of the integrated luminosity and event selection are
expected to be significantly smaller. Subsequently, by identifying the individual final states for di↵erent
Higgs and Z decay modes, absolute measurements of the Higgs boson branching fractions can be made.
High flavour-tagging e�ciencies are achievable and the H ! bb and H ! cc decays can be separated.
Neglecting the Higgs decays into light quarks, one can also infer the branching ratio of H ! gg. Table 3
summarises the branching fraction precisions achievable at a LC operating at either 250 GeV or 350 GeV
where model-independent measurements of the Higgs boson couplings to the b-quark, c-quark, ⌧-lepton,
W-boson and Z-boson can be made to better than 5 %.

Preliminary results of ongoing studies confirm that a precision of �gttH/gttH ⇠ 10% can be achieved,
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Figure 1: The two main Higgs production processes at a LC.
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Table 1: The leading-order Higgs unpolarised cross sections for the Higgs-strahlung and WW-fusion pro-
cesses at various centre-of-mass energies for mH = 125 GeV. Also listed is the expected number of events
accounting for the anticipated luminosities obtainable within 5 years of initial operation at each energy.

2.2 Higgs Coupling Measurements at
p

s < 500 GeV

The Higgs-strahlung process provides the opportunity to study the couplings of the Higgs boson in a model-
independent manner. This is unique to a LC. The clean experimental environment, and the relatively low SM
cross sections for background processes, allow e+e� ! ZH events to be selected based on the identification
of two opposite charged leptons with invariant mass consistent with mZ. The remainder of the event, i.e. the
Higgs decay, is not considered in the event selection. For example, Figure 2 shows the simulated invariant
mass distribution of the system recoiling against identified Z ! µ+µ� decays at a LC for

p
s = 250 GeV.

A clear peak at the generated Higgs mass of mH = 120 GeV is observed. Because only the properties of
the di-lepton system are used in the selection, this method provides an absolute measurement of the Higgs-
strahlung cross section, regardless of the Higgs boson decay modes; it would be equally valid if the Higgs
boson decayed to invisible final states. Hence a model-independent measurement of the coupling gHZZ can
be made. With a dedicated analysis using also the hadronic decays of the Z the sensitivity to invisible
decay modes can be improved very significantly as compared to the fully model-independent analysis. The
LC provides in fact a unique sensitivity to invisible decay modes of the Higgs boson, extending down to a
branching ratio into invisible states as low as 1%. The precisions achievable on the Higgs-strahlung cross
section and the coupling gHZZ are shown in Table 2 for mH = 120 GeV.

The recoil mass study provides an absolute measurement of the total ZH production cross section and
therefore the total number of Higgs bosons produced would be known with a statistical precision of 3 �
4 %. The systematic uncertainties from the knowledge of the integrated luminosity and event selection are
expected to be significantly smaller. Subsequently, by identifying the individual final states for di↵erent
Higgs and Z decay modes, absolute measurements of the Higgs boson branching fractions can be made.
High flavour-tagging e�ciencies are achievable and the H ! bb and H ! cc decays can be separated.
Neglecting the Higgs decays into light quarks, one can also infer the branching ratio of H ! gg. Table 3
summarises the branching fraction precisions achievable at a LC operating at either 250 GeV or 350 GeV
where model-independent measurements of the Higgs boson couplings to the b-quark, c-quark, ⌧-lepton,
W-boson and Z-boson can be made to better than 5 %.

Preliminary results of ongoing studies confirm that a precision of �gttH/gttH ⇠ 10% can be achieved,
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Figure 1: The two main Higgs production processes at a LC.
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Table 1: The leading-order Higgs unpolarised cross sections for the Higgs-strahlung and WW-fusion pro-
cesses at various centre-of-mass energies for mH = 125 GeV. Also listed is the expected number of events
accounting for the anticipated luminosities obtainable within 5 years of initial operation at each energy.

2.2 Higgs Coupling Measurements at
p

s < 500 GeV

The Higgs-strahlung process provides the opportunity to study the couplings of the Higgs boson in a model-
independent manner. This is unique to a LC. The clean experimental environment, and the relatively low SM
cross sections for background processes, allow e+e� ! ZH events to be selected based on the identification
of two opposite charged leptons with invariant mass consistent with mZ. The remainder of the event, i.e. the
Higgs decay, is not considered in the event selection. For example, Figure 2 shows the simulated invariant
mass distribution of the system recoiling against identified Z ! µ+µ� decays at a LC for

p
s = 250 GeV.

A clear peak at the generated Higgs mass of mH = 120 GeV is observed. Because only the properties of
the di-lepton system are used in the selection, this method provides an absolute measurement of the Higgs-
strahlung cross section, regardless of the Higgs boson decay modes; it would be equally valid if the Higgs
boson decayed to invisible final states. Hence a model-independent measurement of the coupling gHZZ can
be made. With a dedicated analysis using also the hadronic decays of the Z the sensitivity to invisible
decay modes can be improved very significantly as compared to the fully model-independent analysis. The
LC provides in fact a unique sensitivity to invisible decay modes of the Higgs boson, extending down to a
branching ratio into invisible states as low as 1%. The precisions achievable on the Higgs-strahlung cross
section and the coupling gHZZ are shown in Table 2 for mH = 120 GeV.

The recoil mass study provides an absolute measurement of the total ZH production cross section and
therefore the total number of Higgs bosons produced would be known with a statistical precision of 3 �
4 %. The systematic uncertainties from the knowledge of the integrated luminosity and event selection are
expected to be significantly smaller. Subsequently, by identifying the individual final states for di↵erent
Higgs and Z decay modes, absolute measurements of the Higgs boson branching fractions can be made.
High flavour-tagging e�ciencies are achievable and the H ! bb and H ! cc decays can be separated.
Neglecting the Higgs decays into light quarks, one can also infer the branching ratio of H ! gg. Table 3
summarises the branching fraction precisions achievable at a LC operating at either 250 GeV or 350 GeV
where model-independent measurements of the Higgs boson couplings to the b-quark, c-quark, ⌧-lepton,
W-boson and Z-boson can be made to better than 5 %.

Preliminary results of ongoing studies confirm that a precision of �gttH/gttH ⇠ 10% can be achieved,
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Figure 1: The two main Higgs production processes at a LC.
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Table 1: The leading-order Higgs unpolarised cross sections for the Higgs-strahlung and WW-fusion pro-
cesses at various centre-of-mass energies for mH = 125 GeV. Also listed is the expected number of events
accounting for the anticipated luminosities obtainable within 5 years of initial operation at each energy.

2.2 Higgs Coupling Measurements at
p

s < 500 GeV

The Higgs-strahlung process provides the opportunity to study the couplings of the Higgs boson in a model-
independent manner. This is unique to a LC. The clean experimental environment, and the relatively low SM
cross sections for background processes, allow e+e� ! ZH events to be selected based on the identification
of two opposite charged leptons with invariant mass consistent with mZ. The remainder of the event, i.e. the
Higgs decay, is not considered in the event selection. For example, Figure 2 shows the simulated invariant
mass distribution of the system recoiling against identified Z ! µ+µ� decays at a LC for

p
s = 250 GeV.

A clear peak at the generated Higgs mass of mH = 120 GeV is observed. Because only the properties of
the di-lepton system are used in the selection, this method provides an absolute measurement of the Higgs-
strahlung cross section, regardless of the Higgs boson decay modes; it would be equally valid if the Higgs
boson decayed to invisible final states. Hence a model-independent measurement of the coupling gHZZ can
be made. With a dedicated analysis using also the hadronic decays of the Z the sensitivity to invisible
decay modes can be improved very significantly as compared to the fully model-independent analysis. The
LC provides in fact a unique sensitivity to invisible decay modes of the Higgs boson, extending down to a
branching ratio into invisible states as low as 1%. The precisions achievable on the Higgs-strahlung cross
section and the coupling gHZZ are shown in Table 2 for mH = 120 GeV.

The recoil mass study provides an absolute measurement of the total ZH production cross section and
therefore the total number of Higgs bosons produced would be known with a statistical precision of 3 �
4 %. The systematic uncertainties from the knowledge of the integrated luminosity and event selection are
expected to be significantly smaller. Subsequently, by identifying the individual final states for di↵erent
Higgs and Z decay modes, absolute measurements of the Higgs boson branching fractions can be made.
High flavour-tagging e�ciencies are achievable and the H ! bb and H ! cc decays can be separated.
Neglecting the Higgs decays into light quarks, one can also infer the branching ratio of H ! gg. Table 3
summarises the branching fraction precisions achievable at a LC operating at either 250 GeV or 350 GeV
where model-independent measurements of the Higgs boson couplings to the b-quark, c-quark, ⌧-lepton,
W-boson and Z-boson can be made to better than 5 %.

Preliminary results of ongoing studies confirm that a precision of �gttH/gttH ⇠ 10% can be achieved,
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Figure 1: The two main Higgs production processes at a LC.
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# ZH events 60,000 45,500 28,500 13,000 7,500 2,000
# H⌫e⌫e events 2,000 10,500 37,500 210,000 460,000 970,000

Table 1: The leading-order Higgs unpolarised cross sections for the Higgs-strahlung and WW-fusion pro-
cesses at various centre-of-mass energies for mH = 125 GeV. Also listed is the expected number of events
accounting for the anticipated luminosities obtainable within 5 years of initial operation at each energy.

2.2 Higgs Coupling Measurements at
p

s < 500 GeV

The Higgs-strahlung process provides the opportunity to study the couplings of the Higgs boson in a model-
independent manner. This is unique to a LC. The clean experimental environment, and the relatively low SM
cross sections for background processes, allow e+e� ! ZH events to be selected based on the identification
of two opposite charged leptons with invariant mass consistent with mZ. The remainder of the event, i.e. the
Higgs decay, is not considered in the event selection. For example, Figure 2 shows the simulated invariant
mass distribution of the system recoiling against identified Z ! µ+µ� decays at a LC for

p
s = 250 GeV.

A clear peak at the generated Higgs mass of mH = 120 GeV is observed. Because only the properties of
the di-lepton system are used in the selection, this method provides an absolute measurement of the Higgs-
strahlung cross section, regardless of the Higgs boson decay modes; it would be equally valid if the Higgs
boson decayed to invisible final states. Hence a model-independent measurement of the coupling gHZZ can
be made. With a dedicated analysis using also the hadronic decays of the Z the sensitivity to invisible
decay modes can be improved very significantly as compared to the fully model-independent analysis. The
LC provides in fact a unique sensitivity to invisible decay modes of the Higgs boson, extending down to a
branching ratio into invisible states as low as 1%. The precisions achievable on the Higgs-strahlung cross
section and the coupling gHZZ are shown in Table 2 for mH = 120 GeV.

The recoil mass study provides an absolute measurement of the total ZH production cross section and
therefore the total number of Higgs bosons produced would be known with a statistical precision of 3 �
4 %. The systematic uncertainties from the knowledge of the integrated luminosity and event selection are
expected to be significantly smaller. Subsequently, by identifying the individual final states for di↵erent
Higgs and Z decay modes, absolute measurements of the Higgs boson branching fractions can be made.
High flavour-tagging e�ciencies are achievable and the H ! bb and H ! cc decays can be separated.
Neglecting the Higgs decays into light quarks, one can also infer the branching ratio of H ! gg. Table 3
summarises the branching fraction precisions achievable at a LC operating at either 250 GeV or 350 GeV
where model-independent measurements of the Higgs boson couplings to the b-quark, c-quark, ⌧-lepton,
W-boson and Z-boson can be made to better than 5 %.

Preliminary results of ongoing studies confirm that a precision of �gttH/gttH ⇠ 10% can be achieved,
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Figure 1: The two main Higgs production processes at a LC.
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Table 1: The leading-order Higgs unpolarised cross sections for the Higgs-strahlung and WW-fusion pro-
cesses at various centre-of-mass energies for mH = 125 GeV. Also listed is the expected number of events
accounting for the anticipated luminosities obtainable within 5 years of initial operation at each energy.

2.2 Higgs Coupling Measurements at
p

s < 500 GeV

The Higgs-strahlung process provides the opportunity to study the couplings of the Higgs boson in a model-
independent manner. This is unique to a LC. The clean experimental environment, and the relatively low SM
cross sections for background processes, allow e+e� ! ZH events to be selected based on the identification
of two opposite charged leptons with invariant mass consistent with mZ. The remainder of the event, i.e. the
Higgs decay, is not considered in the event selection. For example, Figure 2 shows the simulated invariant
mass distribution of the system recoiling against identified Z ! µ+µ� decays at a LC for

p
s = 250 GeV.

A clear peak at the generated Higgs mass of mH = 120 GeV is observed. Because only the properties of
the di-lepton system are used in the selection, this method provides an absolute measurement of the Higgs-
strahlung cross section, regardless of the Higgs boson decay modes; it would be equally valid if the Higgs
boson decayed to invisible final states. Hence a model-independent measurement of the coupling gHZZ can
be made. With a dedicated analysis using also the hadronic decays of the Z the sensitivity to invisible
decay modes can be improved very significantly as compared to the fully model-independent analysis. The
LC provides in fact a unique sensitivity to invisible decay modes of the Higgs boson, extending down to a
branching ratio into invisible states as low as 1%. The precisions achievable on the Higgs-strahlung cross
section and the coupling gHZZ are shown in Table 2 for mH = 120 GeV.

The recoil mass study provides an absolute measurement of the total ZH production cross section and
therefore the total number of Higgs bosons produced would be known with a statistical precision of 3 �
4 %. The systematic uncertainties from the knowledge of the integrated luminosity and event selection are
expected to be significantly smaller. Subsequently, by identifying the individual final states for di↵erent
Higgs and Z decay modes, absolute measurements of the Higgs boson branching fractions can be made.
High flavour-tagging e�ciencies are achievable and the H ! bb and H ! cc decays can be separated.
Neglecting the Higgs decays into light quarks, one can also infer the branching ratio of H ! gg. Table 3
summarises the branching fraction precisions achievable at a LC operating at either 250 GeV or 350 GeV
where model-independent measurements of the Higgs boson couplings to the b-quark, c-quark, ⌧-lepton,
W-boson and Z-boson can be made to better than 5 %.

Preliminary results of ongoing studies confirm that a precision of �gttH/gttH ⇠ 10% can be achieved,
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Event Selection

5

2-step analysis:  
 1) extract Higgs events from SM background  
 2) template fit to extract the decay fraction of the Higgs
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Preselection Cuts & Ranking

6

H𝜈𝜈 
• 80 < MH < 180 
• 60 < Ereco < 260

HZ: Z→e+e- 
• 80 < MH < 170 
• 60 < MZ < 120

HZ: Z→μ+μ- 
• 70 < MH < 160 
• 60 < MZ < 120

HZ: Z→jets 
• 70 < MH < 200 
• 50 < MZ < 130
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Classifier performances
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Higgs Branchings
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Separation of VBF and Z→𝜈𝜈 at 
generator level

9
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Template Fit - Combined

10

• 4D binned likelihood template fit 

• 4 observables: b-likelihood, c-likelihood, bc-likelihood* and Higgs 
transverse momentum 

• 6 templates:  
VBF,     H -> bb 
 
ZH,      H -> bb  
                      
            H -> cc 
            H -> gg 
            H -> else               (fix) 
            SM background    (fix)

Z

e�

e+

H

Z

W

W

e�

e+

⌫e

H

⌫e

Figure 1: The two main Higgs production processes at a LC.

250 GeV 350 GeV 500 GeV 1 TeV 1.5 TeV 3 TeV
�(e+e� ! ZH) 240 fb 129 fb 57 fb 13 fb 6 fb 1 fb
�(e+e� ! H⌫e⌫e) 8 fb 30 fb 75 fb 210 fb 309 fb 484 fb
Int. L 250 fb�1 350 fb�1 500 fb�1 1000 fb�1 1500 fb�1 2000 fb�1

# ZH events 60,000 45,500 28,500 13,000 7,500 2,000
# H⌫e⌫e events 2,000 10,500 37,500 210,000 460,000 970,000

Table 1: The leading-order Higgs unpolarised cross sections for the Higgs-strahlung and WW-fusion pro-
cesses at various centre-of-mass energies for mH = 125 GeV. Also listed is the expected number of events
accounting for the anticipated luminosities obtainable within 5 years of initial operation at each energy.

2.2 Higgs Coupling Measurements at
p

s < 500 GeV

The Higgs-strahlung process provides the opportunity to study the couplings of the Higgs boson in a model-
independent manner. This is unique to a LC. The clean experimental environment, and the relatively low SM
cross sections for background processes, allow e+e� ! ZH events to be selected based on the identification
of two opposite charged leptons with invariant mass consistent with mZ. The remainder of the event, i.e. the
Higgs decay, is not considered in the event selection. For example, Figure 2 shows the simulated invariant
mass distribution of the system recoiling against identified Z ! µ+µ� decays at a LC for

p
s = 250 GeV.

A clear peak at the generated Higgs mass of mH = 120 GeV is observed. Because only the properties of
the di-lepton system are used in the selection, this method provides an absolute measurement of the Higgs-
strahlung cross section, regardless of the Higgs boson decay modes; it would be equally valid if the Higgs
boson decayed to invisible final states. Hence a model-independent measurement of the coupling gHZZ can
be made. With a dedicated analysis using also the hadronic decays of the Z the sensitivity to invisible
decay modes can be improved very significantly as compared to the fully model-independent analysis. The
LC provides in fact a unique sensitivity to invisible decay modes of the Higgs boson, extending down to a
branching ratio into invisible states as low as 1%. The precisions achievable on the Higgs-strahlung cross
section and the coupling gHZZ are shown in Table 2 for mH = 120 GeV.

The recoil mass study provides an absolute measurement of the total ZH production cross section and
therefore the total number of Higgs bosons produced would be known with a statistical precision of 3 �
4 %. The systematic uncertainties from the knowledge of the integrated luminosity and event selection are
expected to be significantly smaller. Subsequently, by identifying the individual final states for di↵erent
Higgs and Z decay modes, absolute measurements of the Higgs boson branching fractions can be made.
High flavour-tagging e�ciencies are achievable and the H ! bb and H ! cc decays can be separated.
Neglecting the Higgs decays into light quarks, one can also infer the branching ratio of H ! gg. Table 3
summarises the branching fraction precisions achievable at a LC operating at either 250 GeV or 350 GeV
where model-independent measurements of the Higgs boson couplings to the b-quark, c-quark, ⌧-lepton,
W-boson and Z-boson can be made to better than 5 %.

Preliminary results of ongoing studies confirm that a precision of �gttH/gttH ⇠ 10% can be achieved,

4

*bc_like = c_like / (b_like + c_like)
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Templates

11
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Using HPt in the fit, we can discriminate between VBF and ZH

CLIC preliminary
VBF 
ZH 
SM BKG

HPt (GeV)
b_like > 0.7
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Fit Results

13

Δbb (VBF) 2.63%
Δbb (ZH) 0.82%
Δcc 11.5%
Δgg 5.2%

Δbb 
(VBF)

Δbb 
(ZH) Δcc Δgg

Δbb 
(VBF) 1 -0.451 -0.003 0.034

Δbb 
(ZH) 1 -0.066 -0.146

Δcc 1 -0.227

Δgg 1

Uncertainties

Correlations

CLIC preliminary

CLIC preliminary
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Conclusions

• A measurement of the ΓH needs high precision measurements 
on Higgs hadronic decays, in particular H→bb 

• With this study, 𝜎 x BR for ZH: H→bb can be determined with 
sub-percent precision with 500fb-1 of data 

• H→gg can be measured at a 5% level 

• H→cc is more problematic due to the low branching fraction, 
need more work to explore potential improvement 

• The correlation matrix can be used in the global fit to improve 
the measurement of ΓH

14
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C vs BC
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