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Introduction
✦ CLD (CLIC-Like Detector) is a detector concept developed for FCC-ee 
✦ Design for the CDR (Dec 2018) adapted from the CLICdet to the FCC-ee interaction 

region specifics (crossing angle, magnets, beam pipe, background conditions) 
✦ Performance satisfying the physics requirements 

✦ Novel design option post-CDR: 
✦ beam pipe at IP radius reduced from 15 mm to 10 mm 
✦ CLD detector design adjusted to the new IR layout

O. Viazlo’s talk

https://indico.cern.ch/event/727555/contributions/3461234/attachments/1869319/3075298/oviazlo_FCCweek2019.pdf
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Vertex detector - design update

600mm

x

y CDR post-CDR

beam pipe radius [mm] 15 10

r1 [mm] 17.5 12.5

r2 [mm] 18.5 13.5

r3 [mm] 37 35

r4 [mm] 38 36

r5 [mm] 57 57

r6 [mm] 58 58

1 2
3 4

5
6

✦ 3 double barrel layers + 3 double layer disks per side 
✦ 0.6%X0 per double layer 
✦ pixel size 25 x 25 μm2 
✦ sensitive thickness 50 μm per layer

✦ first double barrel layer closer to beam pipe 
✦ third barrel layer unchanged 
✦ second barrel layer equidistant from first and third
✦ vertex disks unchanged
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a = 5μm,  
b = 15μm/GeV

✦ σ(Δd0) expected to improve with a vertex detector closer to the interaction point 
✦ Results obtained in full detector simulation and reconstruction  
✦ Resolution calculated as width of the Gaussian fit to the residual distribution per data point

post-CDR

a = 5μm,  
b = 15μm/GeV

✦ improvement overall more visible for lower-energy muons 
✦ resolution for muons with momentum of 1 GeV also matches the design goal 



CLD detector performance with smaller beam pipe at IP | E. Leogrande (CERN)

 [deg]θ
20 40 60 80

m
]

µ
) [ 0z

∆(
σ

1

10

210

310
-µSingle 

p = 1 GeV
p = 10 GeV
p = 100 GeV

 [deg]θ
20 40 60 80

m
]

µ
) [ 0z

∆(
σ

1

10

210

310
-µSingle 

p = 1 GeV
p = 10 GeV
p = 100 GeV

!5

Longitudinal impact parameter 
resolution

CDR post-CDR

✦ improvement overall more significant for lower-energy muons

✦ σ(Δz0) expected to improve with a vertex detector closer to the interaction point 
✦ Results obtained in full detector simulation and reconstruction  
✦ Resolution calculated as width of the Gaussian fit to the residual distribution per data point
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Flavour tagging algorithm

✦ Full simulation and reconstruction with LCFIPlus implemented in the Marlin framework of 
iLCSoft 

✦ Algorithm chain: 
✦ vertex finder  
✦ jet clustering 
✦ vertex refiner 
✦ multivariate analysis 

Ignacio Garcia Garcia - CLIC Workshop 2018

• For the training of the multivariate analysis, it is often helpful to divide the dataset into different categories. This is 
especially the case if we know that they will be very different.  

• The dataset is divided according to the number of reconstructed secondary vertices: 

Flavour tagging: Categories

7

Category A B C D
Number of vertices 0 1 1 2
Number of pseudovertices 0-2 0 1 0

Category A: uds jets must be confined very well in the zero vertex category, which means a really good separation 
of uds jets from b and c jets 

Category C: we can recover part of the b jets, which otherwise would have been grouped together in category B 

Category D: c and uds jets highly suppressed 

uds c b

✦ dataset divided in 4 categories, used to train the BDT

Ignacio Garcia Garcia - CLIC Workshop 2018

1. iLCSoft 20-10-2017 /cvmfs/clicdp.cern.ch/iLCSoft/builds/2017-10-20

2. CLICdet model: CLIC_o3_v13

3. Flavour tagging is performed with the LCFIPlus software implemented in the Marlin framework. It performs a 
vertex finding + jet clustering algorithm 

4. Dijet samples at 500 GeV for θ = [20º,30º,…,90º]
• e+e- → bb (80.000 events) 
• e+e- → cc (80.000 events) 
• e+e- → qq (q= uds) (80.000 events) 

5. Single-point resolution of the vertex detector

• During the digitisation stage of the CLICdet reconstruction, different single-point resolutions have been set to 
evaluate their impact on flavour-tagging performance. Particularly 1μm, 5μm and 7μm apart from the default 
value of 3μm 

6. Background: 3.2 γγ→hadrons / BX overlaid

7. Realistic tracking strategy for CLICdet: Conformal tracking (see Emilia’s talk for details)

Software and samples

8

*

*pseudovertices: b jets containing only one reconstructed secondary vertex with a 
possible track that could be interpreted as the result of an additional secondary decay. 
The cascade decays in a b jet are expected to result in decay points that are nearly 
collinear with the primary vertex. If only one secondary vertex is found, and if there is a 
track whose trajectory passes near a point collinear to the primary and secondary 
vertices, then the track is taken as a pseudo-vertex.  

https://arxiv.org/pdf/1506.08371.pdf
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Flavour tagging for dijets at 365 GeV
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✦ Flavour tagging relies on the capability of primary and secondary vertices reconstruction 
=>expected to improve with a vertex detector closer to the interaction point  

✦ Results obtained in full detector simulation and reconstruction  
✦ Dijet events with Ecm = 365 GeV and θ = 80 deg

dashed = CDR 

solid = post-CDR
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Flavour tagging for dijets at 365 GeV
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✦ Flavour tagging relies on the capability of primary and secondary vertices reconstruction 
=>expected to improve with a vertex detector closer to the interaction point  

✦ Results obtained in full detector simulation and reconstruction  
✦ Dijet events with Ecm = 365 GeV and θ = 50 deg

dashed = CDR 

solid = post-CDR
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Flavour tagging for dijets at 365 GeV
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✦ Flavour tagging relies on the capability of primary and secondary vertices reconstruction 
=>expected to improve with a vertex detector closer to the interaction point  

✦ Results obtained in full detector simulation and reconstruction  
✦ Dijet events with Ecm = 365 GeV and θ = 30 deg

dashed = CDR 

solid = post-CDR
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Flavour tagging for dijets at 365 GeV
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✦ Flavour tagging relies on the capability of primary and secondary vertices reconstruction 
=>expected to improve with a vertex detector closer to the interaction point  

✦ Results obtained in full detector simulation and reconstruction  
✦ Dijet events with Ecm = 365 GeV and θ = 20 deg

dashed = CDR 

solid = post-CDR
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Flavour tagging for dijets at 91 GeV
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✦ Flavour tagging relies on the capability of primary and secondary vertices reconstruction 
=>expected to improve with a vertex detector closer to the interaction point  

✦ Results obtained in full detector simulation and reconstruction  
✦ Dijet events with Ecm = 91 GeV and θ = 80 deg

dashed = CDR 

solid = post-CDR
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Flavour tagging for dijets at 91 GeV
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✦ Flavour tagging relies on the capability of primary and secondary vertices reconstruction 
=>expected to improve with a vertex detector closer to the interaction point  

✦ Results obtained in full detector simulation and reconstruction  
✦ Dijet events with Ecm = 91 GeV and θ = 50 deg

dashed = CDR 

solid = post-CDR
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Flavour tagging for dijets at 91 GeV
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✦ Flavour tagging relies on the capability of primary and secondary vertices reconstruction 
=>expected to improve with a vertex detector closer to the interaction point  

✦ Results obtained in full detector simulation and reconstruction  
✦ Dijet events with Ecm = 91 GeV and θ = 30 deg

dashed = CDR 

solid = post-CDR
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Flavour tagging for dijets at 91 GeV
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✦ Flavour tagging relies on the capability of primary and secondary vertices reconstruction 
=>expected to improve with a vertex detector closer to the interaction point  

✦ Results obtained in full detector simulation and reconstruction  
✦ Dijet events with Ecm = 91 GeV and θ = 20 deg

dashed = CDR 

solid = post-CDR
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Preliminary observations
✦ Flavour tagging in dijet events at 365 GeV improves slightly with post-CDR model
✦ Flavour tagging in dijet events at 91 GeV improves significantly with post-CDR model

✦ @365 GeV, the polar angle dependence shows that the improvement: 
✦ is better in the forward direction for the b-tagging  
✦ is similar in the forward and central direction for the c-tagging

✦ @91 GeV, the polar angle dependence shows that the improvement: 
✦ is better in the forward direction for the b-tagging  
✦ is better in the central direction for the c-tagging
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Preliminary observations
✦ Flavour tagging in dijet events at 365 GeV improves slightly with post-CDR model
✦ Flavour tagging in dijet events at 91 GeV improves significantly with post-CDR model

✦ @365 GeV, the polar angle dependence shows that the improvement: 
✦ is better in the forward direction for the b-tagging  
✦ is similar in the forward and central direction for the c-tagging

✦ @91 GeV, the polar angle dependence shows that the improvement: 
✦ is better in the forward direction for the b-tagging  
✦ is better in the central direction for the c-tagging

Food for thoughts
✦ b tagging 

✦ improvement stronger at 91GeV than at 365GeV <= fraction of b hadrons that decay 
after the innermost layer is smaller at 91GeV than at 365GeV 
✦ @91GeV && 90deg: ~10%, @365GeV && 90deg: ~50% 

✦ improvement stronger in the forward than in the central region at both energies <= 
fraction of b hadrons that decay after the innermost layer is smaller at 20deg than at 
80deg

✦ tagging depends on many other variables: vertex mass, vertex resolution, impact 
parameter significance, … This is only the start of the investigation
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Incoherent pairs background
✦ distribution of produced particles from incoherent pairs @91 GeV 

✦ old model ✦ new model (smaller beampipe)

✦ occupancy in the barrel layers 
✦ old model x 50BX < 4x10-4 
✦ new model x 50BX < 8x10-4 
=> still acceptable
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Summary
✦ A new design for the CLD detector (post-CDR) has been realized for a new FCC-ee 

interaction region with a reduced beam pipe radius (15 mm —> 10 mm) at the IP 
✦ vertex barrel closer to interaction point  

✦ A very first look at the performance of the post-CDR CLD detector compared with the CDR 
model  
✦ The impact parameter resolutions improve, especially for low momentum tracks 
✦ The transverse momentum resolution is unaffected (not shown in the talk) 
✦ The flavour tagging capabilities improve 

✦ slightly for 365 GeV, strongly for 91 GeV 
✦ with a dependence on polar angle observed 

✦ Next step: analysis the flavour tagging results case by case 
✦ vertexing performance, jet clustering and classification 
✦ thorough investigation of the input variables to the BDT necessary 
✦ + part of the problem is the long time for full simulation; place where fast sim tool 

would be extremely helpful  

✦ Next2 step: study effect of the background in the detector performance 
✦ from preliminary study: incoherent pairs do not seem to represent an issue
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Extra
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LFCIPlus vertex finder algorithm 
✦ Vertex Fitter for Primary Vertex  

✦ if beam spot is constrained, beam spot centre as initial 3D point 

✦ 3D fit performed for the vertex position by adding χ2 contribution from each track; 
tracks with highest χ2 and above a threshold are removed 

✦ output: minimized χ2, vertex uncertainty and probability, tracks associated to PV 

✦ Vertex Fitter for Secondary Vertices  
✦ tracks not associated to the PV are paired and used as seeds for the SVs 

✦ 3D fit performed for the vertex position by adding χ2 contribution from each track pair; 
tracks with highest χ2 and above a threshold are removed + additional selection criteria 
(e.g. V0 discarded) 

✦ additional tracks are added to the SV and accepted if χ2 contribution below threshold 

✦ at this point: tracks may have been used for more than one vertex 

✦ to remove overlap: vertices are scanned in order of probability (high to low) and 
number of tracks (3 to 2); tracks associated to vertices are removed from further SVs  

✦ output: minimized χ2, vertices uncertainty and probability, tracks associated to SVs



CLD detector performance with smaller beam pipe at IP | E. Leogrande (CERN) !21

✦ Classification of tracks for vertex finder performance 
✦ Primary: tracks originated from the primary vertex 

✦ Bottom: tracks whose most immediate parent with a non-zero lifetime contains a b quark 

✦ Charm: tracks whose most immediate parent with a non-zero lifetime contains a c quark 

✦ Others: all other tracks (τ decays, strange hadrons, photon conversions, …)

Tracks association 
✦
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