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Past Vertex workshops

•2021 virtual, Oxford/UK
•2020 virtual, Tsukuba/Japan
•2019 Lopud Island, Croatia
•2018 Chennai, India
•2017 Asturias, Spain
•2016 Isola d'Elba, Italy
•2015 Santa Fe, New Mexico, USA
•2014 Mácha Lake, Doksy, Czech Republic
•2013 Lake Starnberg, Germany
•2012 Jeju, Korea
•2011 Rust, Austria
•2010 Loch Lomond, Scotland, UK
•2009 Mooi Veluwe, Putten, The Netherlands
•2008 Uto Island, Sweden
•2007 Lake Placid, New York, USA

•2006 Perugia, Italy
•2005 Chuzenji Lake, Nikko, Japan
•2004 Menaggio Como, Italy
•2003 Low Wood, Lake Windermere, Cumbria, UK
•2002 Kailua-Kona Hawaii, USA
•2001 Brunnen, Switzland
•2000 Sleeping Bear Dunes, Lake Michigan, USA
•1999 Texel, The Netherlands
•1998 Santorini, Greece
•1997 Mangaratiba, Rio de Janeiro, Brazil
•1996 Chia, Sardignia, Italy
•1995 Ein Gedi, Dead Sea, Israel
•1994 Lake Monroe, Indiana, USA
•1993 Lake Bohinj, Slovenia
•1992 Basto Island, Finland

LEP experiments 1989
RD19 1992

Keywords: Water, Isolated
room and full board
invited talks
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https://indico.cern.ch/event/1047531
https://indico.cern.ch/event/895924
https://indico.cern.ch/event/806731
https://indico.cern.ch/event/710050/
https://indico.cern.ch/event/627245/
https://indico.cern.ch/event/452781/
http://physics.unm.edu/VERTEX2015/
http://www.amca.cz/VERTEX2014/
http://vertex2013.depfet.org/
http://vertex2012.knu.ac.kr/
http://vertex2011.hephy.at/home/
https://indico.cern.ch/event/83927/
https://indico.cern.ch/event/30356/
http://vertex2007.syr.edu/
http://vertex06.pg.infn.it/
http://inspirehep.net/record/728130?ln=en
http://www.phys.hawaii.edu/vertex2002/


VERTEX2020 & VERTEX2022

Decide to be virtual
April 1, 2020 as for Tokyo 
Olympics is postphond

Start organizing w/o any 
idea of the venue

Decided to be on-site July 1
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Finally vertex2020 logo is realized on 
real objects

designer: michiko hara
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Running detectors

Giulia
Kerstin
Ivan Ravasenga
Arthur

Kookhyun
Valeriia
Dimitra

Suvankar
Hanna
Benedikt
Shinji
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Highlights of CMS Inner Tracker
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• Detector refurbishment during Long Shutdown 2 

• new Layer 1 modules

• new readout chip (PROC600v4) to fix dynamic 

inefficiency issue and reduce crosstalk noise 

• new Token-Bit-Manager (TBM10d) with delay 

and power reset option

• new HDI design to eliminate HV issues

• new DCDC converters to fix failure mechanism in 

disabled state

• … 

• Smooth installation and commissioning in 2021 

• First Run 3 performance are good! 

• bias scans to monitor evolution of radiation damage 

• large charge efficiency loss in Layer 1 within first 

10 fb-1

• recovered by raising bias voltage and with 

positive annealing in period without beam

• timing scans to find optimal delay settings

• now also for Layer 1 w.r.t. Layer 2 thanks to new 

TBM feature 

• excellent position resolution in full detector

• comparable to Run 2

Giulia 
Negro

0.28

300um?



ATLAS Pixel
• Excellent performance in Run 2, thanks to 

optimization of operational parameters and 
recovery routines.

• Replacement of on-detector electro-optical 
transceivers (optoboards) and sealing 
against humidity during Long Shutdown 2 →
No new failures!

• Start of Run 3: recover performance of Run 2 with 
~similar but more challenging conditions.

• Main focus for Run 3 will be the Radiation Damage.
• Optimize parameters (threshold, HV, temperature)

• Describe and predict effects to take them into account 
in data reconstruction (new “radiation damage 
digitizer” standard now for Monte Carlo).

Kerstin Lantzsch



Commissioning and performance in Run 3 of ALICE ITS2
→ Highlights

⚫ ITS2: upgraded ALICE Inner tracking system based on 
MAPS → 10m2 active area, low material budget 
(~0.36% X0 in IB)

⚫ Installation in ALICE cavern: May 2021
⚫ Commissioning in the cavern: June 2022
⚫ Taking data in Run 3: pp collisions √s = 13.6 TeV, 

nominal 500 kHz interaction rate, nominal 202 kHz 
framing rate

⚫ Calibration is challenging for 24120 chips: 1% of pixels pulsed –
40 processing nodes + parallel processing 

⚫ Masking 0.15‰ of total pixels and tuning the discrimination 
thresholds to 100 e-

⚫ Benchmarking the pre-alignment with K0
S: ~80um pointing reso

with pre-alignment

C
o

u
n
ts

Target threshold: 100e-

After Tuning

K0
S invariant mass: ITS stand-alone tracking (δmean=a few/mile)

Average #clusters / chip / ReadOutFrame in the full detector

Ivan Ravasenga (CERN) – ALICE Collaboration

Threshold tuned to 100e- in the full ITS2 (24120 chips)

ITS2 in the ALICE core
May 2021
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7 layers (3 IB+4 OB)



The worrying
● great improvements to SuperKEKB operation and 

beam monitoring, as well as measures to protect PXD

● nonetheless uncontrolled beam losses have damaged 

PXD and remain a great risk

Belle II PXD Status 2022
The exciting
● PXD has been performing very well and stably 2019-2022

● good performance increasingly ending up in physics publications

● eg charmed meson lifetime measurements with world-leading precision

The interesting
● irradiation and detector aging studied 

in greater detail

● mystery of rising hv currents finally 

understood: unexpected shorts in 

guard ring structures

The outlook
● complete PXD2 has been produced

● installation foreseen for spring 2023 (some challenges 

in ongoing pre-commissioning still to be overcome)
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Arthur Bolz
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The Silicon Vertex Detector(SVD) of the Belle II Experiment
has been in operation providing high quality data since March 2019

- SVD operated smoothly and reliably with an excellent performance w.r.t SNR, - efficiency, 
position resolution, hit time resolution, and event T0 resolution

- Observed first effects of radiation damage (~70 krad for L3), not affecting performance 
- Irradiation campaign→ Type inversion confirmed between 1.5 – 2 Mrad

10
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design

survey

tracks

Hadronic 
events
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LHCb New Upstream Tracker dimitra
13

N-in-p sensors
(93.5umx50mm)

assembly challenges! 

C-side stave installation completed 

A-side stave installation (in progress)

X 4 planes
(X,Y,U,V)



Status of the CMS Silicon Strip Tracker

● The CMS Silicon Strip Tracker operational and performing well after ~ 12 years of 
operation.

● Performance at Run 3 startup is satisfactory.
● Fraction of active channels ~ 96 %
● High S/N, stable on track cluster charge, excellent single hit efficiency and 

resolution even in high PU
● Excellent tracking efficiency in Run 2 and also during Run 3 startup.
● Effect of radiation visible.

○ Leakage current, Depletion voltages are monitored.
○ Simulation in place to model the behaviour of the detector with increased 

radiation.
14

High S/N 

High hit 
efficiency 

Suvankar
14

Leakage agree with sim <10%
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ATLAS SCT Preliminary

 = 13.6 TeV, August 2022s

Endcap C Barrel Endcap A

All bunches

First BC

• SCT detector is in a very good shape 
after almost 13 years of operations 
with 98.3% of strips still active

• We had an excellent start of Run 3 and 
we continue to take data with a very 
high efficiency (mostly above 0.99)

• We ensure high data taking efficiency 
and monitoring of radiation damage 
by performing regular routine 
calibrations and special scans

• Measured values of the leakage 
current and full depletion voltage in 
SCT sensors agree well with model 
predictions and we are confident SCT 
will run stably until the end of Run 3

ATLAS SCT detector in Run 2, LS2 and early Run 3 15



FASER Tracker Highlight VERTEX 2022

>99.5% working

channels

>20fb-1 collected

in 2022

Hit efficiency

>99.6%

FASER tracker made of 12 layers 

with silicon strip modules 

(ATLAS SCT modules)

Efficient and 

successful beam 

commissioning

Installation in 2021
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Silicon strip positron detector
for J-PARC muon g-2/EDM experiment

Prototyping of submodule is ongoing
towards detector assembly from JFY 2024.

Frontend ASIC
Mass production completed.
Quality assurance has 
started. 

Cooling system
Assembly procedure to 

control adhesive 
thickness has been 
established. 

Silicon sensor
Precise sensor alignment 
for EDM measurement.
Precision of 2 um is 
already achieved. 

Detector submodule “quarter-vane”

Shinji Ogawa

Sorry for wrong category – K.H.
…but not an upgrade, R&D?, future?



Upgrade
Giacomo
Fabio
Mei
Mauro
Toru
Zihan

Helen
Benedikt
Stefania
Christoph
Shigeki

Francesca
Lukas
Ryu
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The CMS Pixel Detector for the High Luminosity LHC
[Giacomo Sguazzoni]

• Key features
• compliant w/ HL-LHC running 

conditions (high rate, granular, 
radiation hard)

• fully maintainable
• reduced material budget
• contributes to luminosity 

measurements

• Key frontier technologies
• Planar & 3D rad-hard pixel 

sensors
• 65nm high-rate ROC (C-ROC)
• Serial Powering & CO2 cooling

CMS Inner Tracker
for HL-LHC

~4.9m2 Pixel Silicon Sensors

~2B 25x100µm2 pixels

~4’000 Modules

750kHz readout rate (on L1 

accept)

~50kW power budget

Final-size module prototype

Large half-disk

Small half-disk

1/4 of the 

barrel

View of 1/4 of the full

Inner Tracker

19

The design is finalized or close to finalization in all the main areas (modules, 
electronics, mechanics, cooling) •Production and detector integration is ahead of us



The CMS Outer Tracker for the High Luminosity LHC

• The new Outer Tracker will be equipped with 
the pT-modules

• Will allow running the particle flow at 40 MHz

• Two types of pT-modules: 2S and PS

• Module production centers are getting ready
• Assembly and QA procedures are being finalized

• Several prototypes successfully 
assembled and qualified

• Improvement in detector geometry, 
better materials and cooling, 
more clever power distribution

• Low material budget

Pixel + Strip (PS)

Strip + Strip (2S)

Fabio Ravera

20
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Silcon 3D pixels made by FBK (Italy) and CNM (Spain)
Column diameter ~5 μm
High Resistivity layer
• Active layer thickness ~150 μm
• Resistivity > 3 kOhm•cm
Low Resistivity layer
• Resistivity 0.1-1 Ohm•cm
• Residual wafer thickness after thinning 50-100 μm

p- HR sensor wafer        
   
 

 
 

 
 

Handle wafer to be thinned down 

p++ LR handle wafer 

Metal to be deposited after thinning 

p+ Ohmic column 

n+ Junction column 

oxide 

passivation bump metal 

p-spray 

• 3D pixels baseline choice for barrel layer 1
• CMS baseline: replace pixel layer closer to beamline at integrated fluence ~1.9x1016 neq/cm2

• Tested at different fluencies
• Overall performances extremely encouraging
• Large increase of noisy pixels vs bias at fluences >1.5x1016 neq/cm2 under investigation

Characterisation of 3D pixel sensors for the CMS upgrade at the High Luminosity LHC22



Belle-2 Upgrade scheduled 2027-2028

DMAPS OBELIX: Optimized BELle II pIXel sensor

• Monopix2: 33 μm pitch, 25 ns integration
• Tower Jazz 180nm
• Cover entire volume 

SOI DuTip: Dual Timer Pixel
• ALPIDE type frontend (modified for faster response)
• Lapis 200nm
• Seemless readout 
• Innermost layer

23

Toru Tsuboyama

7-bit timer-0
7-bit timer 1

ALPIDE    sequencer

45x45 μm pixel

Si TFP: Thin fine-pitch DSSD to cover outer volume

• 150 um thick DSSD (prototype@Micron)
• Binary readout SNAP128A (pipeline~8us)
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thin and fine pitch 
silicon strip vertex 
detector



ITk Pixel Detector

163 RD53A Quads have been assembled and QC/tested in 20 
assembly sites.

3 prototype loaded-local supports 

● Serial powering tests ongoing

Vital prototyping step to evaluate loading, electrical and 
mechanical functionality and robustness

irradiated RD53A module has 99% hit efficiency at 600 V

Triplet of 
3D 
modules

Planar 
quad 
module

Helen
25
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ATLAS Itk strip sensor QC
28

christoph

Order type Sensor type Contractor No. sensors
Pre-production all 8 types HPK 1,041 9.2 m2 completed
Production all 8 types HPK 20,800 190.3 m2 ongoing

Sensor bow
Breakdown V

VFD

Strip test:  each by HPK and samplings by Institutes
Strip test

 Fully established QC site testing procedures with 
finalised setups and hardware

 use of ITk Production Database
records of all tests by HPK + ATLAS sites
shipments 



ATLAS ITk Strip sensor pre-pro. 
QA

• ITk strip sensor pre-production was carried out in 2020

• With >100 QA pieces, very good performance was confirmed
• Various good lessons to improve our QA procedure for main 

production!

• Based on the outcomes from pre-production, ATLAS18 sensor 
main production was started in July 2021

Shigeki Hirose 29



Upgrade of the ALICE Inner Tracking System 
for LHC Run 4 Francesca Carnesecchi

From 432 sensors to 6 truly cylindrical wafer-scale MAPS sensors

Ultimate vertex detector

Next step: stitching
First prototype to be received in 2023: 

fundamental for understanding the 

rules of stitching, yield and uniformity

Sensor design validated
Improved charge collection efficiency 

with new design, 100% detection 

efficiency reached and radiation 

hardness higher than one needed from 

ALICE (1013 neq/cm2)

Silicon flexibility and bending proved
Full mock-up of the final ITS3 done, 

uniform performances among different radii 

30

efficiency

Fake rate



Beam test studies of bent MAPS for ALICE ITS3

Beam

25 µm 
sensitive  layer

Beam test studies of bent ALPIDE 
• Spatial resolution and efficiency

independent of bending radius
• Performance consistent with flat ALPIDEs

ALPIDE

Hit Map

Long, continuous in-sensor tracks
• Grazing beam geometry 
• Single particle tracks >3 mm in sensor

Beam

R = 30 mm R = 24 mm R = 18 mm

Beam

Lukas Lautner | lukas.lautner@cern.ch  VERTEX 2022BENT MAPS ALICE ITS3

Lukas Lautner

31
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3ns goal
<5Hz 6E14 goal

Active area=3m2/layer



ASIC

AlessandroCaratelli

John

33



▪ In order to participate to the L1 trigger decision, the CMS OT ASICs have to transmit self-selected information 

for every event requiring the front-end readout ASICs to locally perform an efficient data reduction. 

▪ The MPA, SSA and CIC ASICs are design in advanced CMOS technologies to provide pixel and strip sensor 

readout, data reduction and on-chip continuous discrimination based on the particle transverse momentum

▪

▪ System-level studies allowed to define the architecture of the CMS OT PS-Module ASICs

▪ The tests on the final version of the chips show results in agreement with the simulations:

o Front-end performances fulfil specifications

o X-Ray TID test confirms radiation harness up to 200 Mrad 

o Heavy Ion test confirms the tolerance to Single Event Effects 

o Climatic chamber tests shows a parameter variation within the calibration range

▪ Wafer-level testing show a high yield,

▪ The production of about 200 wafers will start in 2023

The CMS Outer-Tracker ASICs development 

MPA MPA  ASIC

Pixel Sensor

CIC ASIC LpGBT

SSA SSA  ASIC

MPA  [4]

SSA

CIC ASIC 

Strip Sensor

SSA2 ASIC MPA2 ASIC

Alessandro Caratelli

34

pixel RO ASIC

Silicon strip RO ASIC

Data concentrator



Fixing bugs, 
verification

RD53 Pixel chips for ATLAS and CMS Phase II upgrades

Fixing bugs, 
verification

Adding features, 
fixing bugs, 
verification

Designing blocks and test chips, testing radiation hardness, 
designing RD53A, verification

Protecting against single event 
effects, adding features, verification

RD53A

• Half-size demonstrator for:
• evaluating alternatives:

• 3 analogue front ends
• 2 readout architectures

• prototyping Pixel modules
• submitted in August 2017

RD53B-ATLAS (ITkPix-V1)

• ATLAS pre-production
• Submitted in March 2020
• In October 2020, a mask respin

was submitted to patch a serious
bug in the pixels’ Time over 
Threshold latches

400 x 192 pixels
size: 20mm x 11.5 mm

RD53B-CMS (CROC-v1)

• CMS pre-production
• Submitted in June 2021

400 x 384 pixels
size: 20 mm x 21 mm

Differential Front End

432 x 336 pixels
size: 21.6 mm x 18.6 mm

Linear Front End

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

RD53C-ATLAS:

Q4 2022
ATLAS production

(ITkPix-V2)

RD53C-CMS:  

Q1 2023
CMS production

(CROC-v2)

RD53:

Pixel chip collaboration 
of 24 ATLAS and CMS
institutes for 9 years 
and counting



Monolithic

Luigi
Ivan Dario
Jory
Lingxin
Pascal

Akimasa
Didier
Heinz
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Vth

Eff

noise

σtime~6ns
(20ns req.)

HV-CMOS

ToA



▪ DMAPS in large and small electrode designs (LF, TJ)

▪ Fully functional column-drain read-out architecture at a reticle-size scale

▪ All signal processing and R/O electronics placed within the pixel volume

▪ Radiation-hard up to the requirements of current HEP experiments

(NIEL: 1015 neq/cm2, TID: 100Mrad)

LF-Monopix2

Large electrode DMAPS in 
LFoundry 150 nm CMOS

TJ-Monopix2

Small electrode DMAPS in 
Tower 180 nm CMOS

Design and performance of the Monopix2 reticle-scale DMAPS 

Iván Caicedo

OBELIX

D=depleted
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Jory Sonneveld

TPA (two photon absorption) laser to image * TPA occurs at focal point



Lingxin Meng

40

HVCMOS
=>2x2
(ATLASPix3.1) Cluster 

hit map &
charge 
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Pascal Becht

ITS3(cylindrical:Run4)

dig.pixel test struct.



SOI                          Akimasa ishikawa

Since 2005, Japanese group is developing the SOI pixel detector with Lapis 
semiconductor (200nm FD-SOI)

• DuTiP concept for Belle II and ILC 

•First prototype DuTiP1 was tested

•DuTip2 (full functionality) was delivered 

42

7bitx 2
15.9MHz(62.9ns) CLK 
(SuperKEKB509MHz/32(1.97ns*32) )Trigger 
latency of at most 8us (4.4us requirement)

ALPIDE analog circuit
Modified for faster response

Tested with 90Sr and 50MHz CLK 
(20ns) - good enough for 63ns bucket



D. Ferrere
Univ- of Geneva

MAPS for FASER Preshower Upgrade

Goal: Axion Like Particles (ALP) detection with final state π0 in two closely spaced photons

Plane 5 Plane 6

MC Simulations  with realistic detector 100 µm pitch and 2 photons of 1 TeV separted by 500 µm → 99% efficiency

FASER_Main FASER_V2 FASER_Alt

→Preproduction wafers 
delivered in June

→ Production  to be submitted 
early in 2023

Row

C
o

lu
m

n

Excellent performance  measured so far
• IV can exceed 200V while 120V is optimal
• Pixel response of v2 chip with > 6000 pixels  → fine
• TOT with Laser injected pulse  measured and ok
• Preliminary results in TB are confirmed with MC simulations

43

1Xo W

SiGe preamp
->σt~200ps

ToT
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MALTA3 with on-sensor time-tagging and data serialisation to enable system integration 
for asynchronous matrix readout (1.28GHz Tclk, 5-bit) in future experiments (2023 subm.) 



R&D   New Detector/Material

Christopher
Giulio
Harris
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SiC
47

giulio

High quality, low defect density SiC is available up to 200 mm wafers

• Wide bandgap

• reduces the leakage current, maintaining low noise levels at high temperatures.

• Insensitive to visible light.

• High atomic displacement threshold (~20 eV for C, and ~40 eV for Si), which should

make the material more radiation resistant;

• Fast saturated electron drift velocity (2x107 cm/s at RT), twice faster than silicon;

• High thermal conductivity (490 Wm-1K-1), which is three times higher than that of Si
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Reverse bias (V)

IMB-CNM SiC epi 50umt

244Cm emisión ~ 5,8 MeV α
Range ~ 19 mm

Rise time on the order 
of few hundreds of ps

３D in prep.

LGAD idea
(57eh/um, 50umt)
Gain layer by epi



Diamond RD42
48

◼Quantified understanding of radiation and 
rate effects
• pCVD shows no rate effect up to 

10MHz/cm2,8x1015n/cm2@1000V
• Irradiate devices to 2-4x1016 this year; 

◼3D detector prototypes for 1017 operation 
• 3D works in pCVD diamond
• Smaller cells (50μm x 50μm) worked; test 

smaller cells (25μm)
• Thinner columns (2.6μmD) worked; try 2.0μm

◼3D diamond pixel devices being produced
• tested 50μm cells irrad@3.5x1015n p/cm2

• Visible improvements with each step
• Efficiencies look good(>99.3%), still a bit to be 

understood w/charge(>85%)

◼ATLAS  BCM’ design underway –nearly 
complete

Harris
M.ReichmannThesis2022



Timing

Mengqing
Valentina
Vagelis
Kevin
Wilhelm
Francesco 

Alessandro Tricoli
Sayuka
Francesco
Adriano
Giuseppe
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A High Granularity Timing Detector for the ATLAS Phase-II upgrade

• The HGTD will yield track time measurements with a time resolution of 30-50 ps in the 
forward region 2.4<|η|<4

• Expect important benefits from suppression of pile-up tracks and forward jets, and 
more potential in object identification

• Great progress has been made in developing the LGAD sensors and the ALTIROC readout 
ASICs

• Good progress in LGAD design fulfilling the radiation hardness requirements

• Carbon enriched LGADs fulfil the radiation hardness requirements up to 2.5e15 neq/cm2

• ALTIROC2 (first full size prototype) tested, so far all blocks functional and performed as 
expected

• ALTIROC3 submission expected in November

• Next milestones: many critical elements move to pre-productions in 2023, modules and 
detector units pre-production starts in 2024, both end-cap vessels integration in 2025-
2026.

15x15 pads full size sensor

Module tests in DAQ demonstrator

First modules assembled for tests

Good 
uniformity

Mengqing
50
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LGAD performance studies highlights

Valentina Raskina 27th Oct 2022                    VERTEX 2022

Presented results have been essential to 

validate various LGADs designs to be used 

for HGTD::

1. Efficiency of all presented sensors is > 98% at 

1.5x10
15
𝑛𝑒𝑞 / cm

2
and is > 95% at 

2.5x10
15
𝑛𝑒𝑞 / cm

2
going up to ~99% for 

some sensors (95% is the project requirement)

2. Charge of all presented sensors is > 5 fC at 

1.5x10
15
𝑛𝑒𝑞 / cm

2
and 2.5x10

15
𝑛𝑒𝑞

/ cm
2

(min. 4fC is the project requirement)

3. Time resolution is lower than 60 ps for all the 

tested sensors at 1.5x10
15
𝑛𝑒𝑞 / cm

2
and 

2.5x10
15
𝑛𝑒𝑞 / cm

2
and can get < 50 ps 

for some sensors 

(max. 75ps is the project requirement)

Corresponds to the project requirement

51ATLAS HGTD(High Granularity Timing Detector) for HL-LHC

Depends on vendor, temper.

•Single Event Burnout resolved at voltages required to meet HGTD specifications

•Qualified performance of latest generation of Carbon diffused LGADs at the highest irradiation

Oscilloscope-> Test Beam campaigns studying the combined performance of LGAD + ALTIROC have 
started this summer 

Valentina



4D Tracker for 2030s

• LHCb Velo Upgrade 2

Two Scenarios considered as a starting point

Full 4D Velo Tracker

R & D Paths

E. L. Gkougkousis27 / 10 / 2022 31st VERTEX Workshop

• SA: High data rate and radiation 
tolerance at > 6 × 1016 neq/cm2

• SB: Higher hit resolution and 
reduction of material budget

• 20 ps per track timing to recover Run 3 efficiency
• Timing plane options rejected due to more 

complicated construction

• Next 2 years crucial to develop necessary technologies:
• Fast and radiation hard sensors and ASIC
• Reduced material budget RF shield option 
• New cooling solution
• Vacuum tank that satisfies the requirements

Scenario A (SA) Scenario B (SB)

Vagelis
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• Timepix4: Expected time resolution and first testbeam results

Hits associated to tracks

Time residual [ns]

Sensor capacitance worsens resolution

Kevin

~440ps



Performance of the LGAD-
based in-beam detector at 
HADES 
LGAD-based in beam detector used by HADES 
in 4.5 GeV pp run in February 22
• 108 protons/s 
• Used for beam monitoring

• Macro- and micro-spill structure
• Beam position 

• Part of PID via ToF measurements
W. Krüger et al., Nucl. Instrum. Meth. A 1039 (2022), 

p. 167046, https://doi.org/10.1016/j.nima.2022.167046

https://doi.org/10.1016/j.nima.2022.167046


The power of resistive read-out in silicon sensor
Francesco Moscatelli and Nicolò Cartiglia
On behalf of Italian PRIN “4DInSiDe” research project.

The results on FBK – RSD2 production are presented

In resistive readout the signal is naturally shared 
among pads
Thanks to the internal gain, full efficiency even 
with sharing Spatial resolution depends upon 

~ 1/gain, ~ 1/pitch, and ~noise 

Temporal resolution depends 
upon ~ 1/gain, and ~noise
Not on pitch

RSDs at gain = 30 achieve a spatial resolution of 

about 3% of the pitch size:

RSD:

• 1300 x 1300 mm2: sx ~ 40 mm 

• 450 x 450 m m2: sx ~ 15 mm 

55



Rise of 4D Detector
56

Alessandro Tricoli

≲ 6 μm with 100 μm pitch
(limited by tracker resolution)

Time Resolution ~28 ps: 



AC-LGAD for hadron collider

finer pitch AC-LGAD sensors (strip&pixel) are prototyped 

with HPK – process parameters are optimized
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Sayuka Kita



TCAD simulations of innovative Low-Gain Avalanche 
Diodes for particle detector design and optimization

Developing innovative radiation-hard silicon detectors for 4D particle tracking in the future HEP experiments

Standard LGAD design

• New strategy to overcome the present limit of radiation

tolerance for the gain implant, i.e. 1-2×1015 neq/cm2.

• Use the interplay between radiation induced acceptor

and donor removal to keep a constant gain layer active

doping density after irradiation.

Compensated LGAD

Francesco Moscatelli 
on behalf of CNR-IOM, INFN and University of Perugia (Italy) and INFN and University of Torino (Italy) groups 

A compensated design of the LGAD gain layer DC-coupled Resistive Silicon Detectors (DC-RSD)

• DC-RSD with low resistivity strip between collecting

pads, as an evolution of the RSD paradigm [1].

• Addressing few known issues (e.g. baseline fluctuation,

long tail-bipolar signals) and maintaining the

advantages (e.g. signal spreading over ~mm distances,

100% fill factor).
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Radiation damage



adriano
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AFE: Analog FETimespot1 ASIC
28-nm CMOS



The                                        ERC Project     G. Iacobucci

Introduces the PicoAD© —Picosecond Avalanche Detector— a multi-PN junction sensor.

A monolithic proof-of-concept prototype was produced in SiGe BiCMOS 130nm IHP process. Continuous gain layer 
10µm deep in sensor.   Testbeam provided:

• Efficiency = 99.9 % including inter-pixel regions

• Time resolution σt = (17.3 ± 0.4) ps 13 ps at center and 25 ps at pixel edge
(although sensor not yet optimized for timing)

Second monolithic prototype WITHOUT GAIN provides 21ps time resolution. 
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Non HEP & Future experiments

Giuseppe
Xuan
Nazar
Haken
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Use stack of 60 monolithic Si 
pixel planes with 100µm pitch 
(SiGe BiCMOS 130nm by IHP). 

To build a small-animal PET 
scanner with outstanding 
resolution.

G. Iacobucci

ACF being considered for ASIC glueing on flex.

pioneering ultra-high resolution molecular imaging
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EIC vertex/tracking detector development

• The BNL Electron-Ion Collider (EIC) vertex/tracking detector (|𝜂|<3) is under 
development by the EPIC collaboration.

• Current vertex/tracking detector design can meet the EIC physics requirements, 
and a series of detector geometry optimization and detector R&D is ongoing.

• We welcome new collaborators to contribute to the EIC detector design and 
R&D towards the EIC detector construction scheduled to start in 2025!

EPIC MAPS vertex/tracking detector design

EPIC AC-LGAD outer tracker detector design

EPIC vertex/tracking performance

EPIC silicon detector technology candidate

Xuan Li, Oct. 27 63



Nazar bartosik
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haken
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Håkan Wennlöf



Remote is efficient and 
less time constraint…pro

Network mandatory…con

Face-to-face: good chance to know each 
other well, network less critical …pro

Need to fly Japan…pro/con?

My time is occupied by discussions…con

Cellars can be inhibited 
Smart phones are ….
⇒ Need network
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“We haven’t talked for three years” by Harris & Adriano on Oct. 27, 2022 around 6 pm.



London
October 26, 2021

Tokyo
September 24, 2022
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Getting back as we were …

From Mainichi Shimbun

VERTEX meetings continue
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