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Tracking and flavour tagging status
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Tracking performance
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! Updates since last optimisation 
meeting => most major issues 
with conformal tracking solved 

! Performance over the pT range 
better than for SiD, robust to 
background overlay
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CLICdp work in progress

! Big change was reconstruction 
strategy for displaced particles 

" Tracking works outwards-in 
from the tracker towards the 
vertex detector 

" Requirement on number of hits 
gives the drop at ~350 mm
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Flavour tagging - CT - Background
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• b-tagging: γγ->hadrons 
increases the miss. 
efficiency up to a 30% for 
light flavour background 

• c-tagging: γγ->hadrons 
has a lower impact here, 
the maximum variation in 
the miss. efficiency is 
~10% 

4

Flavour tagging - with and without backgroundFlavour tagging - CT - Background
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• b-tagging: γγ->hadrons 
increases the miss. 
efficiency up to a 30% for 
light flavour background 

• c-tagging: γγ->hadrons 
has a lower impact here, 
the maximum variation in 
the miss. efficiency is 
~10% 

! Good first results with flavour 
tagging using the new detector 
model with realistic tracking 

! Performance of the flavour 
tagging robust with background 
overlay!
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Flavour tagging - CT - Background
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• b-tagging: γγ->hadrons 
increases the miss. 
efficiency up to a 30% for 
light flavour background 

• c-tagging: γγ->hadrons 
has a lower impact here, 
the maximum variation in 
the miss. efficiency is 
~10% 

6 Effect of the flavour-tagging performance on the Hnn̄ analysis

By increasing the material in the vertex detector, the fake rate increases by approximately 5-35% de-
pending on the required signal efficiency and background type.
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Figure 30: Global comparison between the double_spirals_v2 and the double_spirals geometries based
on beauty tagging (a) and charm tagging (b) for jets in dijet events at

p
s =200 GeV with a

mixture of polar angles between 10� and 90�. On the y-axis, the misidentification probability
and the ratio between the misidentification probabilities for the two geometries are given.

6. Effect of the flavour-tagging performance on the Hnn̄ analysis

Flavour tagging is a key ingredient for the measurement of the Higgs boson decay to bb̄ and cc̄ quark
pairs. The Standard Model predicts that the production of the 125 GeV Higgs boson is dominated by the
process: e+e� ! Hnn̄ at 3 TeV. A study of this process is described in [16] for the CLIC_SiD detector.
As shown in the previous sections, changes to the layout and material budget of the vertex detector can
lead to changes in the fake rates of typically ±20%. We illustrate the effect of this variation of the fake
rates on the precision of the H!bb̄ and H!cc̄ measurements described in [16].
First, we assume that:

• for H!bb̄, the backgrounds do not contain b-jets (they are mostly light jets);

• for H!cc̄, the backgrounds do not contain c-jets (they are mostly beauty and light quark jets);

• the flavour tags are fully uncorrelated with the other selection variables.

Table 7 gives the numbers of events for the decays of the Higgs to bb̄ and cc̄ quark pairs after the
selection performed in the analysis described in [16].

28

5

Flavour tagging - CDR-era comparison

! double_spirals_v2 most similar 
design to current CDR 

! Beauty-tagging efficiency 

" Performance similar for charm 
background, mis-ID same for 
70 % beauty efficiency 

" Slightly higher mis-ID for light 
flavour background

CLICdet “CDR”
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Flavour tagging - CDR-era comparison
6 Effect of the flavour-tagging performance on the Hnn̄ analysis

By increasing the material in the vertex detector, the fake rate increases by approximately 5-35% de-
pending on the required signal efficiency and background type.
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Figure 30: Global comparison between the double_spirals_v2 and the double_spirals geometries based
on beauty tagging (a) and charm tagging (b) for jets in dijet events at

p
s =200 GeV with a

mixture of polar angles between 10� and 90�. On the y-axis, the misidentification probability
and the ratio between the misidentification probabilities for the two geometries are given.

6. Effect of the flavour-tagging performance on the Hnn̄ analysis

Flavour tagging is a key ingredient for the measurement of the Higgs boson decay to bb̄ and cc̄ quark
pairs. The Standard Model predicts that the production of the 125 GeV Higgs boson is dominated by the
process: e+e� ! Hnn̄ at 3 TeV. A study of this process is described in [16] for the CLIC_SiD detector.
As shown in the previous sections, changes to the layout and material budget of the vertex detector can
lead to changes in the fake rates of typically ±20%. We illustrate the effect of this variation of the fake
rates on the precision of the H!bb̄ and H!cc̄ measurements described in [16].
First, we assume that:

• for H!bb̄, the backgrounds do not contain b-jets (they are mostly light jets);

• for H!cc̄, the backgrounds do not contain c-jets (they are mostly beauty and light quark jets);

• the flavour tags are fully uncorrelated with the other selection variables.

Table 7 gives the numbers of events for the decays of the Higgs to bb̄ and cc̄ quark pairs after the
selection performed in the analysis described in [16].
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Flavour tagging - CT - Background
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• b-tagging: γγ->hadrons 
increases the miss. 
efficiency up to a 30% for 
light flavour background 

• c-tagging: γγ->hadrons 
has a lower impact here, 
the maximum variation in 
the miss. efficiency is 
~10% 

! double_spirals_v2 most similar 
design to current CDR 

! Charm-tagging efficiency 

" Better performance for beauty 
background 

" Slightly higher mis-ID for light 
flavour background

CLICdet “CDR”
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Summary of the good news

! Both tracking and flavour tagging performance look good, the full chain is working and has been 
tested on the grid with a wide variety of event types, both with and without backgrounds 

! There is always a but…  

" Flavour tagging performance with cheated pattern recognition still shows some gain can be made 
from the tracking side 
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Flavour tagging - CT vs TT

• b-tagging: up to a 60-80% 
rise of the miss. efficiency 
for CT for b-eff ~0.5 

• c-tagging: a fairly 
constant 30% difference 
for beauty background. 
Equal performance for c-
eff =>0.7
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Flavour tagging - CT vs TT

• b-tagging: up to a 60-80% 
rise of the miss. efficiency 
for CT for b-eff ~0.5 

• c-tagging: a fairly 
constant 30% difference 
for beauty background. 
Equal performance for c-
eff =>0.7
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Flavour tagging room to improve

! Significant difference between 
Truth tracking and Conformal 
tracking  

! Most pronounced for beauty 
tagging with charm background
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Flavour tagging room to improve

! Now trying to search for differences between 
Conformal and Truth tracking that can give 
rise to this difference in flavour tagging 

" Number of secondary vertices lower in 
conformal tracking 

! See several additional features which can be 
looked at 

" Drop off in secondary vertices with truth 
tracking (small effect) 

" Vertices from material interactions not 
treated differently 

Number of SV vs Radius 
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Flavour tagging room to improve

! Now trying to search for differences between 
Conformal and Truth tracking that can give 
rise to this difference in flavour tagging 

" Number of secondary vertices lower in 
conformal tracking 

! See several additional features which can be 
looked at 

" Drop off in secondary vertices with truth 
tracking (small effect) 

" Vertices from material interactions not 
treated differently 
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Fakes

! During flavour tagging studies started to 
look at the fake rate in 3 TeV bbbar events 

" Very few fakes at low rvertex, then sharp 
increase 

" Fake rates for qqbar low 

! Fakes coming from displaced track 
reconstruction 

" But keep in mind, tracker segmentation 
in the z-direction 1 - 10 mm 

" This is being investigated to understand 
where the fakes come from
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Fakes - looking at z-segmentation

! All: Vertex 3 μm ⨉ 3 μm 

! Default configuration: 
" Inner tracker 7 μm ⨉ 300 μm 
" Outer tracker 7 μm ⨉ 1.5 - 3 mm 

! Long pixel configuration: 
" Inner tracker 7 μm ⨉ 90 μm 
" Outer tracker 7 μm ⨉ 90 μm 

! Extreme case: tracker  3 μm ⨉ 3 μm
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Work in Progress
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What is a fake?

! Part of the ongoing discussion is how to define fakes 

" Currently hits with < 75 % of hits associated to the same MC particle 

! However, many of these tracks still sit at the same θ, φ, pT 

" Hits from parent particle/other daughters reduce the “purity”, but still good tracks
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Work in Progress
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Fakes

! During  

! Charm-tagging efficiency 

" Better performance for beauty 
background 

" Slightly higher mis-ID for light 
flavour background
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! Production of test samples over the Christmas period will be done with the current pattern recognition 

" Performance still broadly comparable with CDR 

" Robust to background overlay 

! Investigation into what exactly gives better flavour tagging performance for truth tracking ongoing => 
can be applied in the future as a patch 

" Additionally should be possible to improve tagging by eg. ignoring secondary vertices next to 
material 

! Potentially interesting to discuss a more segmented tracker for b-daughters => to be discussed at a 
later date

15

Summary


