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Flavour tagging
Flavour tagging depends on: 

• Impact parameters d0 and z0

• Tracking resolution: track information used for vertex finding 

• Vertex resolution: secondary vertices allow us to distinguish b-jets, c-
jets and light flavour jets 

• Momentum resolution: the momentum of the jet is used for the 
inspection of the jet constituents in terms of the jet direction 

• Jet clustering strategy: specially when γγ->hadrons background is 
overlaid

3



Ignacio Garcia Garcia

Flavour tagging: Analysis chain
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Figure 1: Longitudinal cross section showing the top right quadrant of CLICdet (left) and CLIC_SiD
(right). In CLICdet, the structures shown on the right of the image (i.e. outside of the yoke)
represent the end coils, while in CLIC_SiD these are a schematic illustration of shielding rings.

Figure 2: Transverse (XY) cross section of CLICdet (left) and CLIC_SiD (right).

3.2 Magnetic field vs. occupancies and flavour tagging

Occupancies in the vertex detector due to incoherent electron-positron pairs from beamstrahlung are
directly affected by the magnetic field strength [11]. With an outer tracker radius of 1.5 m a magnetic
field strength of 3.5 T would be sufficient to retain the transverse momentum resolution achieved with the
CLIC_SiD concept. The bore of the solenoid would thus have a radius of around 3 m in case of a tungsten
based HCAL, 3.4 m for an HCAL with steel absorbers. Such a free bore is similar to the CMS coil (but
with a shorter coil, e.g. 8 m in CLIC_ILD vs. 13 m in CMS). Given these dimensions, a magnetic field
strength of 4.5 T should be technically feasible. After investigating the impact of the magnetic field
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CLICdet vs CLIC_SiD: energy dependence
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5 Flavour-tagging performance
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Figure 18: b-tag efficiencies and fake rates for dijets at a mixture of polar angles between 10� and 90�

for the spirals geometry. (a) shows the fake rate for recognising charm jets as beauty jets and
(b) shows the fake rate for recognising light flavour jets as beauty jets.
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Figure 19: c-tag efficiencies and fake rates for dijets at a mixture of angles between 10� and 90� for the
spirals geometry. (a) shows the fake rate for recognising beauty jets as charm jets and (b)
shows the fake rate for recognising light flavour jets as charm jets.

5.2. Jet-angle dependence

The dependence of the flavour-tagging performance on the jet polar angle is shown in Figures 20 and 21
using the spirals geometry for jets in dijet events at

p
s =200 GeV.

In the forward region, several factors are causing the sizeable decrease in performance. For low polar
angles, some fraction of particles in the jets is not reconstructed along the beam axis. In addition, the
vertex detector resolution in the forward region is worse than in the other parts due to the large distance
between the reconstructed vertex and the sensors (cf. Figures 14 and 15). In addition, the number of
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CLICdet vs CLIC_SiD: angle dependence
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C Flavour tagging and jet-angle dependence for the double_spirals geometry

C.3. Jets in dijet events at
p

s =200 GeV
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Figure 51: b-tag efficiency for jets in dijet events at
p

s =200 GeV with different polar angles using the
double_spirals geometry.
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Figure 52: c-tag efficiency for jets in dijet events at
p

s =200 GeV with different polar angles using the
double_spirals geometry.
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pT resolution
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CLICdet CLIC_SiD (ds)

pT resolution up to a factor 4 better in CLIC_SiD for low momenta particles
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nhits vertex+tracker
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nhits for 10º

Vertex Disks: 4
Inner Tracker Disks: 7
Total: 11

nhits for 10º

Tracker endcap: 2
Vertex endcap: 3
Tracker Forward: 3 
Total: 8

CLICdet CLIC_SiD (ds)
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Material Budget
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X0(10º) = 15% X0(10º) = 0,075

CLICdet CLIC_SiD (ds)
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Impact of the γγ->hadrons background
• Use CLIC timing cuts (Loose, Selected, Tight) 

• Robust jet reconstruction algorithm required to reduce the impact of γγ->hadrons 
background (Valencia or kt)

12

0.5 0.6 0.7 0.8 0.9 1

Beauty eff.

4−10

3−10

2−10

1−10

1

M
is

id
en

tif
ic

at
io

n 
ef

f.

Charm Background

Loose

Selected

Tight
CLIC_o3_v11

 bb,cc,qq)→ (Z νν Z→ -e+e

As expected loose timing cuts 
Are the best option at low energies



Ignacio Garcia Garcia

Impact of the γγ->hadrons background
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CLIC_o3_v11

 bb,cc,qq)→ (Z νν Z→ -e+e

ee -> Znunu (Z -> bb, cc, qq) 350 GeV
0.0464 γγ -> had. / BX

Durham no dramatically affected by γγ -> had. with loose timing cuts. 
Valencia R=1.5 doesn’t help too much -> larger R?
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Jet Clustering optimisation
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At 350 GeV, bigger radius (R >=1.5) performs better. 
Lower values of R are too tight 

ee -> Znunu (Z -> bb, cc,qq) 350 GeV
0.0464 γγ -> had. / BX (Loose Timing cuts)
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Jet clustering strategies
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Vertex reconstruction
and jet clustering

Flavour tagging

Vertex reconstruction
LCFIPlus

Jet clustering
LCFIPlus

Jet clustering
Fastjet

Vertex reconstruction
LCFIPlus
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Jet clustering strategies
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Flavour-tagging performance quite similar on both strategies

ee -> Znunu (Z -> bb, cc,qq) 350 GeV
0.0464 γγ -> had. / BX (Loose Timing cuts)
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Summary
• Flavour tagging performance in the new CLIC detector degraded at 10º 

due to poorer momentum resolution, material budget and less efficient 
vertex reconstruction 

• The impact of the γγ->hadrons on the flavour tagging performance seems 
to be negligible when Loose Timing cuts are used even for durham jet 
clustering. 

• Jet clustering strategies studied perform similarly, being slightly better the 
FastJet + LCFIPlus strategy. 

• Future work: 
• Try R values in Valencia algorithm bigger than 1.5 
• Test flavour tagging performance at TeV scale, bigger impact γγ-

>hadrons expected
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PV resolution
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Twice better PV resolution for low number of tracks in CLIC_SiD

CLICdet CLIC_SiD (ds)
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Tracker (XZ-view)
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4.4PERFORMANCEOPTIMISATIONSTUDIES

X0forCLIC_SiD.Intheforwardregionitrisestoapproximately3%X0forCLIC_ILDand5%X0
forCLIC_SiD.ThefastsimulationmodelsresemblethemainfeaturesofthefullGEANT4simulation
modelsoftheCLIC_ILDandCLIC_SiDvertexdetectors.

(a)

22.5 mm

(b)

Fig.4.1:SketchofthebarrelandforwardvertexregionoftheCLIC_ILDsimulationmodelinthez-r
plane(a)andofthebarrelvertexregioninthex-yplane(b).Shownarethedoublelayersofthevertex
barreldetectorsandofthevertexendcapdiskstogetherwiththebarrelsupportshellandthecentralbeam
pipe.Thedashedlinecorrespondstothedetectoraxis.Allvaluesaregiveninmillimetres.
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Fig.4.2:SketchofthebarrelandforwardvertexregionoftheCLIC_SiDsimulationmodelinthez-r
planeandofthebarrelvertexregioninthex-yplane.Shownarethevertexbarrellayers,thevertex
endcapdisksandtheforwardtrackingdiskstogetherwiththevertexsupport,cablingandthecentral
beampipe.Thedashedlinecorrespondstothedetectoraxis.Allvaluesaregiveninmillimetres.

4.4PerformanceOptimisationStudies
Thevertexdetectorperformancehasbeenevaluatedforthebaselineconfigurationsofbothconceptsin
fullGEANT4simulations[8,9]aswellasinfastLDTsimulations[10].Inaddition,thefastsimulation
setupwasusedforgeometryoptimisationstudiesandtoevaluatethesensitivityoftheresultsonthe
chosenparameters.Themainperformancemeasurewastheimpact-parameterresolutionprojectedin
thetransverseplanes(d0),whichiscloselylinkedtotheflavour-taggingcapabilityofthedetectors,as
describedinSection12.3.4.Assessingtheimpactofthedetectorgeometriesandmaterialbudgetson
theflavour-taggingperformancerequiresdedicatedfull-simulationstudiesandwillbesubjectoffuture
R&D.
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CLICdet

4 Vertex Detector

only achieved with a spiralling air-flow around the vertex detector barrel layers, the air must arrive at the
vertex forward petals already with a rotational velocity component. Guiding the air to the vertex detector
is achieved by a double-walled structure. The inner wall is the conical beam pipe made of 4.8 mm thick
stainless steel, the outer wall consists of a < 1 mm CFRP sheet. A spiralling structure made of CFRP,
inserted in the 5 mm space between the two walls, steers the air into a rotational flow. The layout as
presently envisaged is schematically shown in Figure 10. In order not to limit the forward acceptance of
the detector, a pointing geometry with the CFRP sheet limiting the aperture is chosen, with an angle of
6.6�. As a result, the half-length of the cylindrical (beryllium) part of the vacuum pipe is 308 mm (as
compared to 260 mm in CLIC_ILD).

Figure 10: Engineering layout for the innermost region of the detector, indicating the conical beam pipe
(stainless steel – SSt), and the outer shell (carbon-fiber-reinforced polymer – CFRP) used to
create an air-channel for the vertex detector cooling. The positions of the vertex barrel and
petal layers as well as the innermost tracker barrel layers and disks are indicated. A cylinder
keeping the air flow in the close vicinity of the vertex detector is also shown.
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CLIC_SiD


