
Rivelatori con misura di tempo 
fuori dalla drift chamber di IDEA
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The IDEA silicon wrapper
In the IDEA concept, the drift chamber  is 
complemented by an external tracking 
layer to:

- improve pT resolution;

- provide absolute reference for tracks polar 

angles;

- extend tracking coverage at large |η|;

- possibly provide time stamp to associated 

tracks in the vertex detector ⟹ relax 
power requirements


~90 m2 of silicon detectors (one layer)

In principle, very different requirements and environment wrt. vertex detector
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Time measurement in the silicon wrapper?
PID in IDEA (π-K, K-p separation) provided by the dE/dx 
or dN/dx (cluster counting) measurement in the drift 
chamber

Addition of a time measurements in the silicon 
wrapper (~2 m from the IP) would complement PID 
with a TOF system

- Few tens of ps resolution would “fill” the region around 

1 GeV/c not covered by dN/dx for K-π separation

- Possible improvement of sensitivity in flavour physics 

studies; new handle for “exotic” signatures
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Fig. 7.10. IDEA drift chamber performance. Left: momentum and angular resolutions for
✓ = 90� as a function of momentum. Right: particle type separation in units of standard
deviations as a function of momentum, with cluster counting (solid curves) and with dE/dx

(dashed curves).

longer drift distances and the employment of cluster timing techniques. Analytical
calculations for the expected momentum, transverse momentum and angular reso-
lutions, conservatively assuming a 100µm point resolution, are plotted in the left
panel of Figure 7.10.

The expected particle identification performance is presented in the right panel
of Figure 7.10. Results are based on cluster counting, where it is assumed that the
relative resolution on the measurement of the number of primary ionisation clusters
(Ncl) equals 1/

p
Ncl. For the whole range of momenta, particle separation with

cluster counting outperforms the dE/dx technique by more than a factor of two.
The expected pion/kaon separation is better than three standard deviations for all
momenta except in a narrow range from 850 MeV to slightly above 1 GeV.

A layer of silicon micro-strip detectors surrounds the outside of the drift chamber
providing an additional accurate space point as well as precisely defining the tracker
acceptance.

7.4.3 IDEA tracking system performance

Simulations were performed to obtain a first estimate of the performance of the
IDEA tracking system. In this study, a seven-layer cylindrical vertex detector, and
a two-layer silicon wrapper, both with a r� pitch of 20 µm, were placed inside and
around the cylindrical drift chamber, respectively. Details of ionisation clustering
for cluster counting/timing analysis were not simulated, such that the spatial reso-
lution is conservatively limited to 100µm. The results of this study, consolidated by
those derived from a fast simulation, point to a transverse momentum resolution of
�(1/pT) ' a � b/pT, with a ' 3⇥ 10�5 GeV�1 and b ' 0.6⇥ 10�3. The lightness of
the drift chamber is reflected in the small multiple scattering b term. Correspond-
ingly, an impact parameter resolution of �d0

= a � b/p sin3/2 ✓, with a = 3µm and
b = 15µm GeV, is found. Lastly, angular resolutions of better than 0.1 mrad in both
azimuthal and polar angle are demonstrated for tracks with momenta exceeding
10 GeV.

7.4.4 Backgrounds in the IDEA tracking system

A GEANT4 simulation of the central parts of the IDEA detector has been imple-
mented in the common software framework developed for the FCC experiments [495].

A ToF detector using RSDs
dE/dx measurement can be complemented by ToF

I with 30 ps time resolution and 2 m tracking
volume, 3‡ fi/K separation till 3 GeV/c

reduced timing requirement of the rest of tracking:
slower detector æ less power æ less material (?)

Resistive Silicon Detectors (RSD) or AC-coupled
LGADs: developed by INFN Torino with FBK

I uniform charge amplification
I metal AC pads act as pick-up electrodes

æ 40-45 ps time resolution (20 ps with laser), and
spacial resolution 3% of pitch from first production
[N. Cartiglia, CERN Detector Seminar]

05/10/2022 coralie.neubueser@tifpa.infn.it: Silicon Detector R&D for IDEA 13
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TOF integration in simulation
Studies ongoing on benchmark channel Bs → Ds K

- In general, as expected, inclusion of TOF nicely extends π-K 

separation

- In this channel, K and π spectra are hard, well into the dN/dx 

discrimination region ⟹ TOF contribution is marginal


- Not a compelling case for TOF unless dN/dx performance is 
overestimated


- But little doubt additional timing handle can be used if 
available in channels with softer spectra, LLP searches,…
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AC-LGAD, or Resistive Silicon Detectors

The RSD Technology Design of the First RSD Production Summary References

Background and Motivations

1. The RSD Technology: Background and Motivations

Resistive AC-Coupled Silicon Detectors - RSD
A new readout paradigm
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Initial concept: LGAD with AC readout: a resistive layer is needed for charge collection

- ⟹ similar concept to gas detectors such as RPCs


Signal is shared among 
nearby pads ⟹ position 
reconstructed by properly 
weighting signals

- significant non-linearities ⟹ 

requires calibration and 
effective algorithms
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Example of signal sharing
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RSD main features:

- position resolution much smaller than channel pitch: σxy = 3-5% a;

- timing resolution close to “standard” LGADs;

- reasonable radiation tolerance


RSD may be an attractive option for a large area detector far from the IP:

- excellent position resolution with reduced number of channels;

- suitable for low-density hit environment;

- no stringent radiation hardness requirements


Cost estimates not straightforward:

- very likely significant reduction in sensor production costs wrt. current first large area LGAD 

detectors (ATLAS HGTD, CMS ETL);

- readout electronics?

RSD for the silicon wrapper?
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Studies in other communities
Recently, other communities working on future e+e–  colliders have expressed 
interest in using AC-LGAD-type detectors for an external tracker:

FCC-US (UCSC)


- Chat with proponents in the next days


CEPC

- Presentation at CEPC workshop in Marseille, 8-11/4/2024:  

https://indico.in2p3.fr/event/20053/contributions/137850

- China currently heavily involved in LGAD productions for HL-LHC; also various AC-LGAD 

prototype runs
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This session

8

Alternative, dedicated non-silicon 
timing layer

RSD state of the art

Integration in monolithic structures

Readout options for hybrid detectors


