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Yoke/µ chambers 

Y
oke/µ

 cham
bers 

Solenoid 

Drift 
Chamber 

! Si pixel vertex detector 
"  5 MAPS layers 

 R = 1.7 – 34 cm 

! Drift chamber (112 layers) 
"  4m long, r = 35 – 200 cm 

! Si wrapper: strips 
! Solenoid: 2 T - 5 m, r = 2.1-2.4 

"  0.74 X0, 0.16 λ @ 90º 

! Pre-shower: µRwell 
! Dual Readout calorimetry 

"  2m deep/8 λ

! Muon chambers 
"  µRwell 

IDEA concept 



Jan. 20, 2020 .            F. Grancagnolo - IDEA DCH 3 

OUTLINE 

•  Tracker requirements 
•  Genesis and evolution of the proposal 
•  Innovations introduced 
•  Layout and Material Budget 
•  The IDEA tracking system 
•  Fast simulation performance 
•  Full (standalone) Geant4 simulation 
•  Particle Identification 
•  Conclusions 
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Tracker requirements 

•  Large angular coverage 
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Tracker requirements 

•  Large angular coverage 
•  High granularity (to cope with occupancy at inner radii) 

Simulation of the 
main background  

contribution due to  
incoherent pair 

conversion 
at FCC-ee MDI 
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Tracker requirements 

•  Large angular coverage 
•  High granularity (to cope with occupancy at inner radii) 
•  High angular resolution (Δϑ ≤ 0.1 mrad for monitoring beam spread (Zàµµ)) 
•  High momentum resolution  

 δp/p2 ≤ few x 10-5, small wrt 0.136% beam spread for  
o  Higgs mass recoil ZH (Zàµµ) 

muon pt 

ZH (Hàµµ) 
muon pt 
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Tracker requirements 

•  Large angular coverage 
•  High granularity (to cope with occupancy at inner radii) 
•  High angular resolution (Δϑ ≤ 0.1 mrad for monitoring beam spread (Zàµµ)) 
•  High momentum resolution  

 δp/p2 ≤ few x 10-5, small wrt 0.136% beam spread for  
o  Higgs mass recoil Higgs recoil 

HZ !H µµ
H inv. mass 
ZH!Z µµ
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Tracker requirements 

•  Large angular coverage 
•  High granularity (to cope with occupancy at inner radii) 
•  High angular resolution (Δϑ ≤ 0.1 mrad for monitoring beam spread (Zàµµ)) 
•  High momentum resolution  

 δp/p2 ≤ few x 10-5, small wrt 0.136% beam spread for  
o  Higgs mass recoil  
o  cLFV processes like Z à eµ ,eτ, µτ  (BR ≈ 10-54 – 10-60) 

 current exp. limits (≤ 10-6) can be improved by > 5 orders of magnitude 
•  V0 and kink capability for CPV (CP eigenstates usually long-lived particles) 

e+e− à Φ à ΚSΚL à π+π−π+π−  



Jan. 20, 2020 .            F. Grancagnolo - IDEA DCH 15 

Tracker requirements 

•  Large angular coverage 
•  High granularity (to cope with occupancy at inner radii) 
•  High angular resolution (Δϑ ≤ 0.1 mrad for monitoring beam spread (Zàµµ)) 
•  High momentum resolution  

 δp/p2 ≤ few x 10-5, small wrt 0.136% beam spread for  
o  Higgs mass recoil  
o  cLFV processes like Z à eµ ,eτ, µτ  (BR ≈ 10-54 – 10-60) 

 current exp. limits (≤ 10-6) can be improved by > 5 orders of magnitude 
•  V0 and kink capability for CPV (CP eigenstates usually long-lived particles) 
•  High resolution Particle Identification capability 

o  Flavor Physics 



Jan. 20, 2020 .            F. Grancagnolo - IDEA DCH 16 

Tracker requirements 

•  Large angular coverage 
•  High granularity (to cope with occupancy at inner radii) 
•  High angular resolution (Δϑ ≤ 0.1 mrad for monitoring beam spread (Zàµµ)) 
•  High momentum resolution  

 δp/p2 ≤ few x 10-5, small wrt 0.136% beam spread for  
o  Higgs mass recoil  
o  cLFV processes like Z à eµ ,eτ, µτ  (BR ≈ 10-54 – 10-60) 

 current exp. limits (≤ 10-6) can be improved by > 5 orders of magnitude 
•  V0 and kink capability for CPV (CP eigenstates usually long-lived particles) 
•  High resolution Particle Identification capability 

o  Flavor Physics 
o  CPV (e.g. Bs à DsK) 



Jan. 20, 2020 .            F. Grancagnolo - IDEA DCH 17 
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•  High resolution Particle Identification capability 

o  Flavor Physics 
o  CPV (e.g. Bs à DsK) 

pK 

from S. Monteil 

after PId selection 
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Tracker requirements 

•  Large angular coverage 
•  High granularity (to cope with occupancy at inner radii) 
•  High angular resolution (Δϑ ≤ 0.1 mrad for monitoring beam spread (Zàµµ)) 
•  High momentum resolution  

 δp/p2 ≤ few x 10-5, small wrt 0.136% beam spread for  
o  Higgs mass recoil  
o  cLFV processes like Z à eµ ,eτ, µτ  (BR ≈ 10-54 – 10-60) 

 current exp. limits (≤ 10-6) can be improved by > 5 orders of magnitude 
•  V0 and kink capability for CPV (CP eigenstates usually long-lived particles) 
•  High resolution Particle Identification capability 

o  Flavor Physics 
o  CPV (e.g. Bs à DsK) 
o  AFB(b), exclusive b-hadron decays reconstruction 
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Genesis and evolution 

I.  KLOE  ancestor chamber at INFN LNF Daϕne φ factory 
(commissioned in 1998 and operating for the last 20 years) 

II.  CluCou chamber proposed for the 4th-Concept at ILC (2009) 

III.  I-tracker chamber proposed for the Mu2e experiment at 
Fermilab (2012) 

IV.   DCH for the MEG upgrade at PSI (designed in 2014, now 
and under commissioning) 

V.  IDEA drift chamber proposal for FCC-ee and CEPC (2016) 
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Innovations introduced 

I.  Wire configuration fully stereo 
(no axial layers) 

II.  new light Aluminum wires  

III.  Very light gas mixture           
90% He – 10% iC4H10 

IV.  Mechanical structure entirely in 
Carbon Fiber 

V.  Largest volume drift chamber 
ever built (45 m3) 

I.  Separating gas containment from wire 
support functions 

II.  New concepts for wire tension 
compensation 

III.  Using a larger number of thinner (and 
lighter wires)  

IV.  No feed-through wiring 

V.  Using cluster timing for improved 
spatial resolution 

VI.  Using cluster counting for particle 
identification 

with KLOE after KLOE 
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Layout and Material Budget 

12 to 15 mm wide square cells  
5:1 field to sense wires ratio 
56,448 cells 

14 co-axial super-layers, 8 layers each  
(112 total) with alternating sign stereo  
angles ranging from 50 to 250 mrad, 
in 24 equal azimuthal (15°) sectors 



Si wrapper 
Layer   R [m 

m] 

L 

[mm] 

Si eq. thick. 
[µm] 

X0 
[%] 

pixel size 
[mm2] 

area 
[cm2] 

# of 
channels 

1 2040 ±2400 450 0.5 0.05×100 616K 12.3M 

2 2060 ±2400 450 0.5 0.05×100 620K 12.4M 

Disks  Rin 
[mm] 

Rout 
[mm] 

z 
[mm] 

Si eq. thick. 
[µm] 

X0 
[%] 

pixel size 
[mm2] 

area 
[cm2] 

# of 
channels 

1 350  2020 ±2300 450 0.5 0.05×100 250K 5M 

2 354 2020 ±2320 450 0.5 0.05×100 250K 5M 
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The IDEA Tracking system 
Vertex Detector 

Layer  R 
[mm] 

L 

[mm] 

Si eq. thick. 
[µm] 

X0 
[%] 

pixel size 
[mm2] 

area 
[cm2] 

# of 
channels 

1 17 ±110    300 0.3 0.02×0.02 235 60M 

2 23 ±150   300 0.3 0.02×0.02 434 110M 

3 31 ±200 300 0.3 0.02×0.02 780 200M 

4 320 ±2110 450 0.5 0.05×1.0 85K 170M 

5 340 ±2245 450 0.5 0.05×1.0 96K 190M 

Disks  Rin 
[mm] 

Rout 
[mm] 

z 
[mm] 

Si eq. thick. 
[µm] 

X0 
[%] 

pixel size 
[mm2] 

area 
[cm2] 

# of 
channels 

1 62  300 ±400 300 0.3 0.05×0.05 5.4K 220M 

2 65 300 ±420 300 0.3 0.05×0.05 5.4K 220M 

3 138 300 ±900 300 0.3 0.05×0.05 4.4K 180M 

4 141 300 ±920 300 0.3 0.05×0.05 4.4K 180M 

Drift Chamber 

Rin 
[mm] 

Rout 
[mm] 

z 
[mm] 

drift chamber 350 2000 ±2000 

service area 350 2000 ±(2000÷2250) 

inner 
wall gas wires 

outer 
wall 

service 
area 

thickness [mm] 0.2 1000 1000 20 250 

X0 [%] 0.08 0.07 0.13 1.2 4.5 

# of layers 112 min 11.8 mm  –  max 14.9 mm 

# of cells 56448 192 at 1st  –  816 at last layer 

average cell size 13.9 mm min 11.8 mm  –  max 14.9 mm 

average stereo angle 134 mrad min 43 mrad  –  max 223 mrad 

transverse resolution 100 µm 80 µm with cluster timing 

longitudinal resolution 750 µm 600 µm with cluster timing 

active volume 50 m3 

readout channels 112,896 r.o. from both ends 

max drift time 400 ns 800 × 8 bit at 2 GHz 
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Fast Simulation Performance 

%X0 
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Fast Simulation Performance 

%X0 MEG2 
measured 

spatial  
resolution 

no cluster timing, 7x7 mm2 

expected  
12x12 mm2 ≤ 100 µm 

  
cluster timing à‐20% 



Jan. 20, 2020 .            F. Grancagnolo - IDEA DCH 25 

fast/full G4 Simulation comparison 
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Particle Identification 

Cluster Counting 
efficiency: 

80% 
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Conclusions 
Ø Conceptual design of tracking system adequate for the 

physics requirements. 
Ø Ready for transition from CDR to TDR, but still missing ... 

•  full software integration within a common framework 
•  performance optimization on benchmark physics 
•  detector design optimization (cost/performance analysis) 
•  construction of full scale prototypes (4 m length!) 

- to test materials and mechanical engineering solutions 
- to develop cost effective electronics (given the number of channels) 

Ø Critical mass far from being reached: ample space for 
additional international contributions on all the listed items. 
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Back up Slides 



Jan. 20, 2020 .            F. Grancagnolo - IDEA DCH 31 

The "brilliant" IDEA Detector 
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Full G4 Simulation Performance 

isolated track reconstruction efficiency 
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Full G4 Simulation Performance 
BARREL FORWARD 

> 100 
Hits per 
track 

at 10 deg  
no hits in 
DCH 

Χ2 /ndof 

N of fitted hits  
(DCH only) > 100 Hits/track at 10 deg  

no hits in DCH 
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Full G4 Simulation Performance 
BARREL FORWARD 

p 

pt 
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Full G4 Simulation Performance 
BARREL FORWARD 

d0 

z0 
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Full G4 Simulation Performance 
BARREL FORWARD 

ϑ 

φ 
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III. Cluster Timing: exploit signal digitization 
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Ideal case: drift tube 

•  ti+1 – ti ≈ a few ns at small ti, ti+1 – ti ≈ a few × 10 ns at large ti 
•  tmax  constant in ideal case (slightly depends on track angle in drift cell case) 
•  Δt ≤ tmax, duration of digitized signal, depends on impact parameter b (tfirst)  
•  Ncl depends only on Δt (or b, or tfirst) in cylindrical drift tube case  
•  Ncl doesn't depend on b in square drift cell case, but only on the track angle 
•  tlast constant in the ideal case => defines the trigger time t0 = tlast − tmax  

t0 tfirst tlast 

Digitized signal (1 GHz, 2 GSa/s) 

r.m.s. 
noise 

tmax 

integration time 

reconstructed  
signal 

Δt 

Real case: drift cell 

11 mm cell 

75%He/25%iC4H10          20 ns 



III. Cluster Timing: exploit signal digitization 
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µs 

cluster separation electron separation 

ti+1 – ti 
i = 1, Ncl  

ti+1 – ti 
i = 1, Nele 

(same cluster)  

peaks separation 

tlast for a single track  
(100 hits) σt0 as a function of Ntracks 

(t0 = tlast − tmax)  

Ntracks 

Nhits 

σ(tlast) ≈ 5 ns  
(r.m.s./√100) 



III. Cluster Timing: exploit signal digitization 
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µs 

cluster separation electron separation 

ti+1 – ti 
i = 1, Ncl  

ti+1 – ti 
i = 1, Nele 

(same cluster)  

peaks separation 

tlast for a single track  
(100 hits) σt0 as a function of Ntracks 

(t0 = tlast − tmax)  

Ntracks 

Nhits 

σ(tlast) ≈ 5 ns  
(r.m.s./√100) 

Bunch Xing  
identification! 

 
Track filtering! 

 
Trigger 

capabilities? 



IV. Cluster Counting 
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≈ 
≈ 
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