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e+e- operation modes

�Wide range of running conditions FCC ~ CepC ≠ ILC 
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ILC: 1 ms pulse trains @ 5 Hz

CepC: 1 BX  5-20ns (Z) � 1µs (H)



e+e- �HZ physics constraints

�Vertex detector:

� c/τ besides b

�Light and small pixels
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e+e- �Z/WW physics constraints

�Additional EW physics drivers:

�High precision acceptance determination

�Good e/γ/π0 discrimination
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Accelerator constraints

�Final focus

�QD0 forw. Acceptance

Coverage up to ~10º

�Beam pipe R ~ 2 cm

�Bmax < 2 T (FF optics)

From FCC-ee MDI 
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Accelerator constraints

�Final focus

�QD0 forw. Acceptance

Coverage up to ~10º

�Beam pipe R ~ 2 cm

�Bmax < 2 T (FF optics)

From FCC-ee MDI 

�Backgrounds:

�Radiative Bhabha, SR

�@R = 1.6 cm

NIEL: <1012neq/cm2/yr

TID: <300 krad/yr
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Options

�Can use ILC detectors as starting point

� ILD (baseline): Pixels, TPC, particle flow calorimeter

�SiD: Pixels, Si microstrips, particle flow calorimeter

�4° concept: Pixels, DCH, DR calorimeter, Dual Solenoid

�Any of these works well for HZ (....at ILC)

�Additional requirements may be needed for Z operation

�Eg. Preshower, particle ID, ...

�Some requirements may be looser after HL-LHC

�E.g. H�γγ, H�µµ
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�Large solenoid with calorimeter/tracker inside

HEP conference, HK, January 2017 F. Bedeschi, INFN-Pisa7



ILD: current CepC baseline

�Large solenoid with calorimeter/tracker inside

HEP conference, HK, January 2017 F. Bedeschi, INFN-Pisa7



ILD: current CepC baseline

�Large solenoid with calorimeter/tracker inside
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Solenoid B=4T, L~7m, 

Rmin=3.4m, ∆R=90cm



SiD

�More compact with Si tracker
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SiD

�More compact with Si tracker
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Solenoid B=5T, L~6m, 

Rmin=2.6m, ∆R=80cm



4° concept

�Dual solenoid, Drift chamber, Dual Readout
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A second detector concept

�Usual elements:

�Vertex  detector

�Tracker

� (Preshower)

�Calorimeter

�Solenoid

�Muon system
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Vertex detector

�Build on ALICE ITS technology

�30x30 µm MAPS

�%X0

0.3-1.0% (in-out)

�Power:

41-27 mW/cm2 (in-out)

�Radiation hard

�>100 kHz readout

�Optimize # layers
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Vertex detector

�Impressive recent test beam results
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Vertex detector

�Impressive recent test beam results
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Tracker
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∆p⊥
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p⊥ = 7.1×10−5 p⊥ GeV / c[ ]

�Drift Chamber: fast, small ion buildup, good dE/dx

�Ultralight chamber (<1% X0) – gas: He 90% - iC4H10 10%

�4 m long, drift length ~1 cm, drift time ~150ns, σxy < 100 µm

B = 2 T

L = 2 m 
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�Ultralight chamber (<1% X0) – gas: He 90% - iC4H10 10%

�4 m long, drift length ~1 cm, drift time ~150ns, σxy < 100 µm

B = 2 T

L = 2 m 

N = 112
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Tracker

�Minimal performance established (MEG-II prototype)
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Tracker

�Minimal performance established (MEG-II prototype)

�Technical solutions engineered (MEG-II)

�E.g. Wire stringing and soldering machine
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σ = 106 μm

(He/iC4H10 = 85/15)

arXiv:1605.07970



2T solenoid

�Two options:

�Large bore    (R=3.7 m) – calorimeter inside

�Smaller bore (R=2.2 m) – calorimeter outside

Preferred: simpler/  Extreme EM resolution not needed

Thick calorimeter

Thin (30 cm): total = 0.74 X0 (0.16 λ) at θ = 90º    
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Calorimeter

�Particle flow calorimeters are extremely expensive!

�Similar (or better) performances with dual readout

�EM and HAD in same calorimeter

�High transverse granularity
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ILD: Fractional cost out of 400 M$



Calorimeter

�Copper dual readout calorimeter
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Calorimeter

�Copper dual readout calorimeter

�Demonstrated EM resolution
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Calorimeter

�Copper dual readout calorimeter

�Demonstrated EM resolution

�Observed Had resolution dominated 

by lateral leakage (~6%)
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Calorimeter

�Potential resolution in jets

� ~ 30-40%/ �

(see  4° concept LOI)
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�Natural µ/π/e separation

�Can improve with timing 

and lateral shape cuts

εel > 99%, <0.2% π mis-ID
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Calorimeter

�Potential resolution in jets

� ~ 30-40%/ �

(see  4° concept LOI)

�Natural µ/π/e separation

�Can improve with timing 

and lateral shape cuts

εel > 99%, <0.2% π mis-ID

�Preshower (~2 X0)

�Acceptance determination

e/γ /π0 separation
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Muons

�Momentum measurement 

�Vertex+DCH: ~ 0.5% @ 100 GeV
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Muons

�Momentum measurement 

�Vertex+DCH: ~ 0.5% @ 100 GeV

�Better muon ID (?):

�More filter behind calorimeter (?)

Iron yoke or partial yoke

�Followed by additional chambers

µ-RWELL low-cost technology 

already proven for low rate 

applications (CMS/SHiP)

�Potential outer solenoid

Flux return � reduced yoke

Muon tracking
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Summarizing ....

�Beam pipe (R~2 cm)

�VTX: 4-7 MAPS layers

�DCH: 4 m long, R 40-200 cm

�2 T, R~2 m SC Coil

�Preshower (1-2 X0)

�DR calorimeter (2 m/8 λint)

�(yoke)  muon chambers

� (Dual solenoid ?)
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Conclusions

�Proposed detector is:

�Feasible with existing technology

More R&D can only improve

�Performant in full range of energy and luminosity

Fast detector, can resolve beam crossing 

�Very low mass ~3-4% X0 before solenoid

�Low cost relative to ILD-like solutions

�Several optimizations needed � future simulation work

�Pixel layers, preshower, calorimeter and muon system configuration

�Need for more PID beyond DCH and Calorimeter?

�Major overlap with current FCC-ee baseline detector
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Backup
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