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Time of flight for particle identification
The IDEA drift chamber is expected to provide PID 
information based on dE/dx measurement

- For K-π separation, good performance in most of 

momentum spectrum, except for a region around 1 GeV/c


Complementary PID information could be granted by 
an external time-of-flight detector

- A resolution of few tens ps would allow good K-π separation 

in the “blind” region of dE/dx


Timing information would also help relaxing requests 
on the vertex detector

- Larger integration time ⟹ less power ⟹ less material
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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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Low Gain Avalanche Detectors
Low Gain Avalanche Detectors (LGAD) are 
reverse-bias, planar, silicon detectors, with an 
internal gain layer

- Usually n-in-p structure, with implanted p+ layer

- High electric field (~300 kV/cm) in narrow region under 

the junction

- Moderate gain (~10) ⟹ low noise, segmentation of 

readout pattern


The structure can be optimised for high precision timing (Ultra-
Fast Silicon Detectors)

- higher gain, smaller thickness

- time resolution of ~30 ps can be obtained
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Time resolution of LGAD
Extensive studies have explored sensor configurations:

- active thickness;

- gain layer doping, thickness, depth;

- pad isolation technology (p-stop, p-spray) and geometry;

- …


Current productions mostly focusing on 50-μ-thick sensors

4

Spread due to different 
gain layer designs

no gain layer
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LGAD in HEP experiments
LGAD is now a mature technology

- Prototypes from foundries since 2014

- Several qualified manufacturers worldwide


Both ATLAS and CMS include large LGAD-based timing 
detectors in their upgrade programs for HL-LHC

- Detectors in pre-production 

phase

- Parallel development of 

dedicated front-end 
electronics

5

1.4. Overview of the MIP Timing Detector design 19

Figure 1.9: Cross-sectional view of the endcap timing layer (ETL) along the beam axis. The
interaction point is to the left of the image. Shown are two ETL disks populated with modules
on both faces, along with the support structure. The grey sections are the active areas of the
modules with LGAD sensors. Each orange bar represents a service hybrid. The neutron mod-
erator, labelled 9, whose purpose is to shield the Tracker from back-scattered particles from the
CE, and thermal screen of the CE, labelled 12, follow the ETL. The independent thermal screen
of the ETL, labelled 1, is on the left.

shown as orange bars, which read out the signals from the front end ASICs and bring low
voltage power for the ASICs and bias voltage for the LGADs. The LGADs on one face of a
disk line up with the service hybrids of the other face so that the whole disk is covered with
active elements. Figure 1.10 shows schematically the data path from the sensors, through the
ETROCs and service hybrid to the backend electronics in the CMS USC.

1.4.3 The clock distribution system

A stable, low-jitter clock distribution network at the sampling clock frequency and synchro-
nized to the LHC bunch-crossings is required to retain the resolution of the timing detectors. A
comprehensive R&D effort is ongoing to achieve an rms jitter of 10–15 ps, including short-term
and long-term detector-wide (link-to-link) stability.

In tests using a simplified distribution tree, the current Versatile Link (VL) framework with
GBTx and VTRx has shown that it is capable of providing a sub-10 ps jitter LHC clock to end-
points. However, a more complete clock distribution network, with many more boards per
crate and multiple crates, sending signals over a much wider area may deliver a less stable clock

CMS ETL

ATLAS HGTD
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Radiation resistance
Main effect of radiation damage in LGAD is gain decrease

- Caused by acceptor removal in gain layer

- Can be balanced by raising the bias voltage up to breakdown or single event burnout conditions


Carbon implantation into the gain layer can slow down the gain decrease process

- Extensive tests conducted with different concentration values

- Optimised values can extend lifetime up to a factor 3

6

ATLAS HGTD

new 8E14 neq

1.5E14 neq

2.5E15 neq

increasing 
fluence
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Geometrical efficiency
Geometrical efficiency (“fill factor”) in LGAD is limited by the structures needed to 
separate readout electrodes

- ⟹ no-gain regions of 50-100 μm between adjacent pads


- ⟹ not suitable for small pixels


Fill factor can be significantly reduced by “digging” isolation 
trenches between pads

- ⟹ no-gain regions of 5-10 μm can be achieved
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Resistive Silicon Detectors
Full geometrical efficiency can be restored in AC-coupled LGADs (AC-LGAD)

- readout geometry decoupled from electric field


 A resistive layer is needed as a charge collection path

- ⟹ similar concept to gas detectors such as RPCs


⟹ concetto simile a rivelatori a gas tipo RPC


8
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Hit reconstruction in RSD
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Example of signal sharing
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Space resolution in RSD
Achievable space resolution depends on several factors

- channel pitch;

- electrode geometry;

- electronics noise;

- signal digitisation;

- reconstruction algorithm;

- …


Resolution of up to 3% of electrode 
pitch can be achieved
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Laser study: position resolution as a function of amplitude
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The spatial resolution improves with signal amplitude, plateauing at about 5 um 

Important points:
• The resolution for 50-100, 100-200  is limited 

by systematics such as the precision of the 
amplitude reconstruction, noise, the use of 
the RSD master formula.

• The  resolutions refer to points between 
pads, not in the metal pads 

(more on this later).
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Laser study: position resolution as a function of pixel geometry 

The resolution is about 5% of the Pitch-Metal distance 
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è How small the resolution can be? Why is it not more precise? 



FCC France & Italy Workshop22/11/2022

Time resolution in RSD
RSD preserve the excellent timing performance of other LGAD sensors

- combined measurement from shared signals;

- additional contribution from propagation delay;

- very good uniformity observed on active area


Beam tests on sensors from first productions 
demonstrated 40-45 ps resolution achievable  
(~20 ps from laser tests)


Realistic performances also depend on readout electronics 
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All details in: M. Tornago, 36th RD50 “Latest results on RSD spatial and timing resolution https://indi.to/2cGQy

Data taken with RSD 3x3 100-200 and 190-200 geometries

Lesson learnt:
• RSD are ~ 100% efficient
• The RSD x-y hit reconstruction worked very well 
• The time resolution is !" #$$%&$$ = (( )*, !" #,$%&$$ = (& )*
• The metal size (100 vs 190 um) does not influence the time 

resolution

~44 ps
~42 ps

100 - 200 190 - 200

Interesting fact: the combination of 
- pads does not lead to a 1/ -
improvement since  the effects of 
non-uniform ionization are fully 
correlated
è pads see a copy of the same 
signal 
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LGAD studies for FCC-ee
Activity started at INFN Genova to investigate the potential of a space-time 
detector for IDEA based on LGAD technology


Studies on detector simulation, including benchmark channels:

- requirement on detector performance and geometry (granularity);

- possible benefits from use of RSD ⟹ optimisation of electrode geometry


Tests on LGAD sensors from recent productions, in collaboration with INFN Torino:

- set-up for laboratory characterisation of different structures;

- participation at beam tests
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