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BIB environment

At the  LHC  we are used to backgrounds primarily from pile-up pp collisions 
↳	 real tracks pointing at displaced vertices

At the  Muon Collider  background tracks are not reconstructable

Event at the CMS experiment 
with  78 reconstructed vertices   ▶

A cloud of  looping tracks  
from soft electrons: <pT> = 3.5 MeV  ▶

Creates tremendous combinatorics  
for the classical outward track reconstruction
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Timing resolution

Raw hit density in the Vertex Detector is unsustainable  
↳	 up to 5K hits/cm2 in a 15 ns time-integration window 

	 High time resolution of ~30 ps 
	 to reject BIB hits outside of a narrow time window      ▶ 

Substantial number of BIB hits arrive earlier 
created by particles exiting close to the sensor
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Hit density

Background density varies across the tracker →  highest close to the tungsten nozzles  (after time filtering)

VTX Barrel: Layer 0 VTX Barrel: Layer 2 VTX Endcap: Disk 2 VTX Endcap: Disk 7

≤1% occupancy 
at 25x25 µm2

R: 35 mm 
Θ: 16.3º

R: 53 mm 
Θ: 10.5º

R: 31 mm 
Θ: 14.5º

R: 30 mm R: 51 mm

	 Fine pitch of ≥50⨉50 μm2 
	 to keep the occupancy below 1% 

Finer pitch  →  more readout channels  →  more processing 
↳	 more demanding cooling  →  higher material budget

3
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Material budget

Primary photons
Primary electrons

Secondary electrons 

created by interaction of  
primary photons with: 
• MDI material 
• detector material

Majority of the hits (up to 90%) created by primary electrons  coming from the MDI outer surface

VTX Barrel: Layer 0

Further away from IP secondary electrons are dominant    ▶ 

VTX Barrel: Layer 5

	 Material budget as low as possible 
	 to suppress secondary radiation4



Nazar Bartosik Tracking sensors R&D 6

Technology 1: RSD

RSD (Resistive Silicon Detector)  -  position determined from charge shared between large pads

• equivalent spatial resolution  
at ⨉100 fewer channels 

• lower material budget  
• comparable time resolution 
σt ≥ 15 ps

Standard LGAD RSD
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Next evolution: DC-RSD
RSD sensors show some non-ideal features:
• Signal spread may involve a large (>4) and variable number of 

electrodes, leading to slight deterioration and a spatial resolution 
which is position-dependent

• Baseline fluctuations (leakage current collection only at the edge)
• The bipolar nature of the signals, with rather long tails during the 

discharge 
DC collection of signals, with low resistivity paths to readout pads + 
charge “containment”   ⟹ DC-RSD design
• Signal is confined: charge sharing in a predetermined number of pads
• the leakage currents is removed locally at each electrodes
• No bipolar signal → 1-2 ns-long pulses
→ expected uniform performance and scalable to large devices 

Extensive simulation studies performed to optimize design: resistive 
path, charge sharing, electrodes geometry, confinement method… 

• better charge containment 
• shorter pulse tails

Perfect technology for the low-occupancy regions of the tracker: Inner/Outer Tracker, outer VTX layers
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Space resolution with RSDs

FBK RSD2 (2021) best design: Swiss cross electrodes.
Position performance have been explored with laser and several test beams. 

Results with electron testbeam (DESY)

RSD2-450,   pixel 450 x 450 um2 - 16 electrodes read out
16ch FAST2 Board (INFN Torino) + CAEN Digitizer

The constant term dominates the resolution  σconstant ~ 13 μm
It includes mis-alignment RSD-Tracker, sensor and electronics 
non uniformity, etc…

Resolution around 3%-4% of the pitch.

L. Menzio et al, “First test beam measurement of the 4D resolution of an RSD 450 microns pitch pixel 
matrix connected to a FAST2 ASIC”, )NIMA 1065  (2024), 169526

RSD2-450 micron pitch
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Technology 1: DC-RSD

A wide range of possible pad layouts    →    first tests of a 2x2 pixel prototype ongoing 
produced recently by FBK

Ongoing R&D project: 4DSHARE 
Things to study: pad layouts, readout electronics, power consumption, radiation tolerance

R
. A

rc
id

ia
co

no
 -

2n
d 

D
R

D
3 

w
ee

k 

Status of DC-RSD production

Several test structures implemented:
• devices with  squared or hexagonal matrix of 

electrodes (dot-shaped), with and without isolating 
trenches, multiple pitch options

• strips with multiple pitch options and multiple length

squared or hexagonal matrix
DC-RSD1 reticle

DC-RSD development started in the framework of the 4DinSiDe (PRIN, 2017) and is currently continuing 
with the 4DSHARE project (INFN CSN5, PRIN 2022) 

The first, proof-of-concept, production was completed @FBK in November: DC-RSD1
• The solution selected to achieve charge containment: use of Isolating Trenches (like TI-LGADs or SiPM)
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DC-RSD1: “split” table 
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wafer layout (Photo from FBK)
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Technology 2: DMAPS

DMAPS (Depleted Monolithic Active Pixel Sensor)  - sensor + readout chip in a single layer of Si: ~50 μm

Perfect technology for the high-occupancy regions of the tracker: 
inner VTX layers

TIPP23  | 4-8 September 2023 | Domenico Colella 11

ITS3 R&D - Silicon bending

Nominal operating 
point

µITS3 
180 nm »Laboratory and test beam measurements 

(Jun 2020) allow to conclude that chip 
(180 nm CMOS) performance doesn’t 
change after bending  
• Pixel matrix threshold distribution does not 

change when sensor is bent 
• Efficiency above 99.9% at a threshold of 100 e-

ALICE ITS3

↳	 extremely low material budget

Ongoing R&D project: ARCADIA 
Things to study: pixel/strip layouts, radiation tolerance, gain layer for timing
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Digitization

A more realistic digitizer in place: MuonCVXDDigitiser 
with implemented effects of noise, threshold and charge sharing  →  realistic cluster shapes

Things to implement: proper treatment of timing (pixel-level pile-up), shallow-angle particles 
Things to study: thicker sensors to improve signal/BIB separation, different readout schemes

Angira Rastogi | Aug 28, 2024 9

Cluster Shape Analysis
Using correlation between incidence angle and number of pixel hits per cluster, we can reject long 

clusters which are characteristic of BIB particles from the muon collision events.

Simulation

● More clusters at small and high theta with BIB events.
● Higher hit multiplicity from clusters at those angles.

Angira Rastogi | Aug 28, 2024 10

BIB rejection

● Tighter time window selection reduces 

number of hits by 92% in vertex barrel, 

but only 74% in inner tracker barrel.

● 5e current cluster 7lter cuts give no 

additional BIB rejection in the inner 

tracker – scope for improvement!

● Also, need to extend to outer tracker 

barrel layers and all endcap layers.
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https://github.com/MuonColliderSoft/MuonCVXDDigitiser

