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

• ΓH can be determined via a global fit with high 
precision from  
VBF and ZH for H→bb  
 

• The simultaneous measurement of both can be 
performed only around this CMS energy range  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Higgs production in e+e- collisions
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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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Diagrams have overlapping 
H𝜈𝜈 final state, when Z→𝜈𝜈

- Higgs strahlung  
!signatures:!
• 2 jets + missing mass!
• 2 jets + 2 leptons!
• 4 jets

- Vector Boson Fusion  
!signatures:!
• 2 jets + missing mass 

& low HPt
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Event Selection
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2-step analysis:  
 1) extract Higgs events from SM background 
 2) template fit to extract the decay fraction of the Higgs boson
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Event Selection
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Initially, 150+ training variables, iterative method to 
reduce the MVA space (down to ~50 vars per analysis):

Train BDT

Remove low ranked variables

Check for S/B efficiencies

See backup for more 
variables distributions
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Efficiencies

Hvv cutflow nocuts BDT (Hvv) 
> 0.16

Total 
Efficiencies

H->bb 14456 8375 58%
H->cc 729 380 52%
H->gg 2185 1373 63%
H->others 8398 599 7%
qq 12x10 1092 0.009%
qqlv 2.9x10 2805 0.09%
qqvv 16x10 2357 1.5%
qqqq 2.8x10 < 100 < 0.001%

Hqq cutflow nocuts BDT (Hqq) 
> 0.16

Total 
Efficiencies

H->bb 26209 10563 40%
H->cc 1322 407 31%
H->gg 3961 1340 34%
H->others 15226 1706 11%
qq 12x10 8270 0.06%
qqlv 2.9x10  < 100 < 0.001%
qqvv 16x10  < 10 < 0.001%
qqqq 2.8x10 9899 0.35%
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BDT cut optimized for best 
combined signal significance

VBF and ZH:Z→𝜈𝜈 ZH:Z→qq



Marco Szalay04-Nov-2015 LCWS2015 - H->bb/cc/gg at 350 GeV at CLIC

•  Binned maximum likelihood fit on multi-dimensional space: b and c 
likelihoods and HPt 

•  Assume Poissonian fluctuation for each data bin: 
 
 
 
 
with n = number of data entries in bin ijk  
and μ = ∑ wm Tm for the same bin, with wm being the weights and Tm  the 
templates 

•  Then the Likelihood is the product of Pijk in all bins 

•  Find the wm that maximize this value 

•  Repeat the procedure few thousand times in a toy MC setup, drawing data-
like distribution from templates 

•  Fitting procedure performed fixing the SM background and H→others 
templates for improved stability

Flavor Space Template Fit
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Templates
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Fit Results (Improved MC statistics)
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Δbb (VBF) 2.2%
Δbb (ZH) 2.0%
Δcc 12.5%
Δgg 4.7%

Δbb 
(VBF)

Δbb 
(ZH) Δcc Δgg

Δbb (VBF) 1 -0.47 -0.035 -0.014
Δbb (ZH) 1 -0.04 -0.02
Δcc 1 -0.18
Δgg 1

Uncertainties

CLIC preliminary

Hvv Fit
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Fit Results (Improved MC statistics)
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Δbb (ZH) 0.99%
Δcc 20.4%
Δgg 6.0%

Δbb 
(ZH) Δcc Δgg

Δbb (ZH) 1 -0.099 -0.12

Δcc 1 -0.20

Δgg 1

Uncertainties
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Fit Results (Improved MC statistics)
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Δbb (VBF) 1.8%
Δbb (ZH) 0.85%
Δcc 10.7%
Δgg 4.07%

Δbb 
(VBF)

Δbb 
(ZH) Δcc Δgg

Δbb (VBF) 1 -0.25 -0.034 -0.009
Δbb (ZH) 1 -0.06 -0.06
Δcc 1 -0.05
Δgg 1

Uncertainties

Combined Fit

𝜎 x BR/(SM 𝜎 x BR) 𝜎 x BR/(SM 𝜎 x BR) 𝜎 x BR/(SM 𝜎 x BR) 𝜎 x BR/(SM 𝜎 x BR)

CLIC preliminary CLIC preliminary CLIC preliminary CLIC preliminary

Correlations
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Fit Results - Systematics
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Repeat the toyMC fitting procedure accounting for 3% error 
in combined H→other template and 1‰ for SM background
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H→other +3%,  
SM background +1‰

WW→H→bb and ZH: H → bb unaffected,  
2% in H → cc, 1.5% in H→gg 

 
All systematic error are well below statistical uncertainty
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Conclusions

• The ΓH needs high precision measurements on Higgs hadronic decays, in 
particular H→bb 

• With this study we can investigate 𝜎 x BR for ZH: H→bb and WW→H→bb. With 
500fb-1 of data we get to and get sub-percent precision and 1.8% precision 
respectively 

• H→gg can be measured at the 4% level 

• H→cc, due to the low branching fraction, can be measured with a precision of 
~10.5% 

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

• Systematic uncertainties for SM background and other Higgs branching 
fractions are well below statistical uncertainties in all Higgs hadronic channels

14
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BACKUP
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Template Fit 
(with limited MC statistics)

16

0 20 40 60 80 100 120 140 160
1.4

1.45

1.5

1.55

1.6

1.65

1.7

1.75

Uncertainty on H to cc as function of binning
 / ndf 2χ   19.5 / 19

Prob   0.4254
p0        0.01213±   1.5 

 / ndf 2χ   19.5 / 19
Prob   0.4254
p0        0.01213±   1.5 

0 20 40 60 80 100 120 140 160
0.7

0.75

0.8

0.85

0.9

0.95

1

Uncertainty on H to cc as function of binning
 / ndf 2χ  14.46 / 17

Prob   0.6346
p0        0.1284± -1.363 
p1        0.005239± -0.01494 
p2        0.03758± 0.6921 

 / ndf 2χ  14.46 / 17
Prob   0.6346
p0        0.1284± -1.363 
p1        0.005239± -0.01494 
p2        0.03758± 0.6921 

0 20 40 60 80 100 120 140 160
3

4

5

6

7

8

9
 / ndf 2χ  22.65 / 17

Prob   0.1609
p0        0.02587± 1.843 
p1        0.001544± -0.02031 
p2        0.1362±  2.84 

 / ndf 2χ  22.65 / 17
Prob   0.1609
p0        0.02587± 1.843 
p1        0.001544± -0.02031 
p2        0.1362±  2.84 

Uncertainty on H to cc as function of binning

0 20 40 60 80 100 120 140 160

4

6

8

10

12

14

 / ndf 2χ  22.47 / 17
Prob   0.1672
p0        0.03278± 2.508 
p1        0.002035± -0.04182 
p2        0.08493± 4.069 

 / ndf 2χ  22.47 / 17
Prob   0.1672
p0        0.03278± 2.508 
p1        0.002035± -0.04182 
p2        0.08493± 4.069 

Uncertainty on H to cc as function of binning

Nbins

Nbins

Nbins

Nbins

Δ(
%

)

Δ(
%

)
Δ(

%
)

Δ(
%

)
H→cc

H→gg

WW→H→bb

ZH:H→bb

At first it seems that a finer binning in every 
dimension dramatically improves fit resolution
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Template Fit 
(with limited MC statistics)

17

Repeating the procedure with independent distributions for templates and data 
→ enormous discrepancies in fit results  
→ asymptotic resolution improvement is unphysical  
(driven by artifacts in the fitted templates, generated by the limited MC statistics)

𝜎 x BR/(SM 𝜎 x BR) 𝜎 x BR/(SM 𝜎 x BR)
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Spin Analysis
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Angle between leading 
energy jet and flight 

direction of the Higgs in the 
Higgs frame of reference
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CLICdp preliminary
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BDT input variables
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