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Tracking/vertexing detectors in future e+e- colliders 

Collider ILC CLIC FCCee CEPC 

Bunch separation (ns) 330/550 0.5 20/990/3000 25/680 

Power Pulsing yes yes no no 

beamstrahlung high high low low 

Detector concept SiD ILD CLICdet CLD IDEA Lar Baseline IDEA 

B Field (T) 5 3.5 4 2 2 2 3 2 

Vertex Si-Pixel Si-Pixel 
 

Si-Pixel 
 

Si-Pixel 
 

Si-Pixel 
 

Si-Pixel 
 

Si-Pixel 
 

Si-Pixel 
 

Vertex Rmin (mm) 16 16 31 12 12 12 16 16 

Tracker Si-strips TPC Si-Pixel Si-Pixel 
(+RICH ? ) 

 

DC/Si-
strips 

 

DC/Si-
strips or Si-

Pixels 

TPC or Strips 
 

DC/Si-
strips 

Tracker Rmax 
(m) 

1.25 1.8 1.5 2.2 2.0 2.0 1.8 2.1 

Disks layers 4 + 4 2 + 5 6 + 7 3 + 7 3 
(150 mrad) 

2+6 
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Large similarities between the concepts 
but also significant differences 

(From D. Dannheim) 



Detector concept & tracking 
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CLD 

 Inspired from CLICdet 
 « Full Silicon » 
 Possibly + RICH 
 Calo. inside coil 

IDEA 
Noble Lar 

 Calo. outside coil 
 Drift Chamber 
 Si wrapper 

ILD for circular 

 VTX: 3 double layers 
 Calo. inside coil 
 TPC ? 

 VTX  Silicon pixels (CMOS-MAPS) 
 Added  dedicated timing layer ? 
 Shared concerns: MDI, beam background, integration, cooling, etc. 

 VTX 3 layers 

Defining the figure of merits 

Vertexing 
Tagging capabilities (b,c, , s) 
Impact parameter resolution 

Standalone tracking capabilities 
Low pT tracking 

Vertex charge determination 
Hit/track separation 

Displaced vertex (LLP, etc.) 
Acceptance 

Tracking 
Tracking efficiency/fake tracks 

Momentum resolution 
Charge determination 

Robustness/redundancy 
Association with calo. clusters 

Particle ID 
dEdx 

Timing measurement 
RICH 

Physics program priorities 
s 

ILD & CLD concepts (Poeschl) 
IDEA concept (Giacomelli) 

FCC & TPC (D. Jeans) IDEA drift chamber (Filippis) 

Timing CMOS (Schwemling) 

65nm CMOS (Besson) 

Picosec / micromegas  
(Kallitsopoulou ) 

ALLEGRO concept (Aleksa ) 

Cooling (Winter) 

MPGD (Jeanneau) 

Wireless (Rarbi ) 
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Vertex detector requirements 

(ILC/FCCee) 

Vertex reconstruction 
 granularity 
 Pitch ~17-20  m  
 (sp ~3-4 um) 

Material Budget 
 ~ 0.15% X0 / layer 
 < 1% X0 for the whole VTX 
+ ~0.4-0.6 % X0 for the beam pipe 

Radiation hardness 
O(100kRad/yr) & O(1011)neq/yr 

Cooling 
Stiffness / Alignment 

Time resolution 
O(100ns-1 s) 

Power consumption 
~< 50mW/cm2 

Physics 
    Flavour tagging 
 Low pT tracks 
 Vertex/Jet charge 

determination 
 Track seeding 

Beam background 

Physics O(Hz/cm2)  

Beam background O(10-50 MHz/cm2) 

Low material detectors & 
supports structures 

Rad.Tol. devices 

• Design: 5 single layers or 3 double layers ? Inner and outer radius ? Etc. 

• R&D: Keep excellent spatial resolution, low material budget, moderate Power 

consumption and push towards better time resolution (BX) 

No Power pulsing @FCCee 

Fast read-out & low Power  
Architectures (~ 20-50 mW/cm2) 𝑏~10 − 15 𝜇𝑚. 𝐺𝑒𝑉 

(Figure: D. Contardo) O(10ns)@CLIC 



Tracker requirements 

• Material budget vs intrinsic resolution 

 Typically sp ~5-10 m/layer ; material ~1-2% X0/layer ; 
Power ~< 100 mW/cm2 

 Low momentum vs high momentum   physics input 

• 2 main options:  

 All silicon (CLD, CLICdet, SiD) 

 Few high resolution layers 

 Possibly timing capabilities 

 Silicon + Gazeous detector 

 TPC (ILD) / Drift Chamber (IDEA) / RICH (CLD ?) 

 dEdx/dNdx capabilities,  

 More hits, overall less materials 

 TPC: Ion back flow issue for circular colliders 

• PID Strategy to be included (RICH, timing, dEdx, etc.) 
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Level arm ! 

d = layer thickness, N  = # layers 

m.s. term dominates  for pT ~< O(100) GeV/c 

𝜎𝑝𝑇

𝑝𝑇
2

~2 × 10−5𝐺𝑒𝑉−1 

Expected performances Physics 
    Momentum resolution 
 Tracking efficiency 
 Track separation, low fake tracks 
 Etc. 



Vertex/tracking detector comments 

• Particle ID has to be included in the tracker concept 
 dEdx and/or dNdx and/or fast timing 

 RICH  reduced outer radius 

• Inner and outer radius are key factors 

• Forward acceptance (e.g. asymmetry measurements) 
 Limited by MDI constraints, beam pipe, luminosity measurements, etc. 

 30 mrad crossing angle (FCCee)  ~150 mrad acceptance 

• B-field 
 Limited to 2 T in circular machine (@ Z-pole) 

 Calo inside coil ? 

• Beam time structure 
 Power pulsing only for linears 

• Beam related Background 
 Beamstrahlung (incoherent e+e- pairs) 

 Occupancy driver for linears 

 Less severe for circular (Rmin reduction ~10mm)) 

 Synchrotron radiation (mainly circulars) 
 Possible shielding (increase beampipe material budget) 

• VTX Geometry 
 Probably 5-6 layers VTX (R < 60 mm) 

 Robustness (standalone tracking) 

 low momentum tracking 

 Track seeding  @ different radii  

 e.g. FIPs, highly ionizining particles, LLPs, etc. 

 « long barrel » (sticking the first measurement point to the beam pipe) 
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VTX/Tracking detector is highly connected to the MDI and the 
whole detector concept 



Beam pipe discussion 

• V05 = new beam pipe radius & material budget 
 5 m Au + 2 x 350 m  layers of BeAl + liquid parafin ~ 0.6 % X0  mat. Budget +33% 

 Inner radius: 15 mm  10mm 
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V04 geom; sp. resolution = 3 um; p = 10 GeV,  = 90 deg 𝜎 ∆𝑑0 = 3.8 ± 0.1𝜇𝑚 
V05 geom; sp. resolution = 3 um; p = 10 GeV,  = 90 deg 𝜎 ∆𝑑0 = 5.7 ± 0.1 𝜇𝑚 
V04 geom; sp. resolution = 5 um; p = 10 GeV,  = 90 deg 𝜎 ∆𝑑0 = 5.4 ± 0.1𝜇𝑚 
V05 geom; sp. resolution = 5 um; p = 10 GeV,  = 90 deg 𝜎 ∆𝑑0 = 7.1 ± 0.1 𝜇𝑚 

J. Andrea, G. Sadowski, Z El Bitar 

+24% 

+42% 



Material budget discussion 
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ILD material 

https://pos.sissa.it/414/337/pdf 

Are these estimates conservative ? 

CLD IDEA 
ILD 



CEPC vertex detector optimization 
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https://indico.cern.ch/event/1264807/contributions/5344222/attachments/265575
2/4599314/ECFA-2.pdf 

M. Ruan, ECFA WG3: Topical workshop on tracking and vertexing 

c-tagging: Detector optimization for CEPC 

Higher dependance to mat. budget 

https://indico.cern.ch/event/1264807/contributions/5344222/attachments/2655752/4599314/ECFA-2.pdf
https://indico.cern.ch/event/1264807/contributions/5344222/attachments/2655752/4599314/ECFA-2.pdf
https://indico.cern.ch/event/1264807/contributions/5344222/attachments/2655752/4599314/ECFA-2.pdf
https://indico.cern.ch/event/1264807/contributions/5344222/attachments/2655752/4599314/ECFA-2.pdf
https://indico.cern.ch/event/1264807/
https://indico.cern.ch/event/1264807/


Material budget: starting from the layers 
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Classical single 
sided layers 

(e.g. ALICE ITS-2) 

Self supported 
silicon 

(Belle-2 upgrade) 

PLUME  
(Bristol, DESY, IPHC) 
Double sided ladders with 
minimized material budget 
0.35% X0 reached  ~0.3 X0 
doable (with air flow cooling) 

 

Double sided 
layers 

Pseudo stitching 
+ bent sensors 
(superALPIDE) 

Stitching   
+ bent sensors 

ALICE-ITS3 

Inputs for engineering studies 

Integration ! 



Timing & 4-D tracking 

• Time resolution t 
 Bunch separation (3 s / 1 s / 20 ns @ FCCee) 

 Background rejection ? (1-10 ns range) 

 Particle ID (10-100 ps) 

• Usual drawbacks to go faster 
 Power consumption  

 Active Cooling & geometrical acceptance due to services 

 In pixel circuitry  larger pixels (or multipixels) 

 Fill factor, dead time 

 PID Restricted to low momentum particles (~< few GeV/c) 

• Still 
 Forward region not covered by a central gazeous detector (TPC) 

 Added value for intermediate radii (e.g. LLPs ?) 

• Specialized layers 
 Doesn’t compromise the other requirements (material budget and granularity) 

 Probably not in the most inner layers 
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100 s 10 s 1s 100 ns 10 ns 1 ns 100 ps 10 ps 

Time resolution 

Beam Background rejection ? 
~ 10 ns Particle ID 

3 s ttbar 1 s ZH 20 ns Z 



Particle ID and time resolution DRD4 & 1/3 
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https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf More details here: 

Separation Power (significance) 
Time difference (ps) 

Momentum (GeV/c) 

Time of Flight dE/dx – dN/dx Combined measurement 

K / Pi separation 

Separation Power 

• Goal: 

 K/, /e- separation, etc.  Interest to push beyond 10 ps resolution 

 Even more important for the physics program @ Z peak 

dE/dx + dN/dx 
Mainly gazeous detector, e.g. TPC, DC, RICH (DRD1) 

Fast timing (<100 ps) 
Solid state (pixelated) detector (DRD3) 

https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf
https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf
https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf


Particle ID and time resolution DRD4 & 1/3 
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https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf More details here: 

Separation Power (significance) 
Time difference (ps) 

Momentum (GeV/c) 

Time of Flight Combined measurement 

K / Pi separation 

Separation Power 

• Goal: 

 K/, /e- separation, etc.  Interest to push beyond 10 ps resolution 

 Even more important for the physics program @ Z peak 

dE/dx + dN/dx 
Mainly gazeous detector, e.g. TPC, DC, RICH (DRD1) 

Fast timing (<100 ps) 
Solid state (pixelated) detector (DRD3) 

https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf
https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf
https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf


Agenda 
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1st tracking session 

2nd tracking session 

Detector concept session 

CMOS-MAPS, Timing, gazeous detectors (TPC, Drift), wireless, Cooling 

Software session 



backup 
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Spatial resolution in Higgs factories 
• Typical targets: 

 sp~3 m for the vertex layers 

 sp~5-10 m for the outer tracker layers 

• Resolution in each layer depends on 
 Pitch 

 In conflict with the functionnalities inside the pixel 

 Favored by small feature size technology 

 Charge deposition 
 Sensitive layer thickness 

 Charge sharing (SNR vs resolution) 
 Depletion:  

 Staggered pixels 

 Charge encoding 
 Binary output / ADC / Tot / etc. 
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Level arm ! 

 sp ~ 3 m    pitch ~ 15-20 m 

  (assuming binary output, ~20 m epi.thickness 

& large depletion in 180nm tech.) 

d = layer thickness, N  = # layers 



Pixel detectors landscape for FCCee detectors 

• VTX hierarchy of the driving parameters 
 Granularity & material budget > Power > time resolution > Radiation hardness 

• Outer tracker 
 Material budget still a must. Relaxed granularity  possible focus on Power, time resolution 

• Specialized timing layers 
 Timing layer  Price to pay: granularity and/or Power 

• R&D needed to improve the parameter space 
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DEPFET, 
FPCCD, 

SOI 

Also for vertexing 

Fast timing, radiation hardness Granularity, low power, low material budget 

Si-Strips 

Also for tracking 



Power vs fast timing vs pixel size 
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Price to pay: additionnal cooling 
system (addtionnal material) 



s-tagging 
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From M. Dam 
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