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R&D @ IIHE
G. De Lentdecker (ULB) 



Introduction

Ø Today, I extended my talk beyond R&D at collider
Ø However you may find some R&D activities in other talks (RNO-G, 

RET, JUNO, AUGER, etc.)
Ø I will not talk about CMS Tracker upgrade activities as you have just 

seen its dedicated talk ;-)

Ø On a more personal note:
Ø All IIHE current projects have started with or from R&D
Ø R&D does not always converge into a large scale or a well defined

project
Ø It is vital for our lab to maintain a significant R&D activity  
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PART I: Gaseous Detector Developments



Gaseous Detectors at IIHE: a long tradition 
Ø IIHE has a long tradition in gaseous detectors

Ø (mid-80’s) Drift chambers for the Muon system of Delphi 
Ø (mid-90’s) COP (central outer proportional chamber) of H1
Ø (End of 90’s) MSGC and their variants for CMS Tracker
Ø (2000’s) Resistive Plate Chambers for CMS
Ø (2015) Triple-GEM for CMS
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Today’s technologies
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560 𝛍m
3 mm
1 mm
2 mm
1 mm

Standard GEM

Double gap RPC (standard, bakelite) RPC Triple-GEM

Spatial resol. (mm) 1.0 0.2

Time resol. (ns) 1.0 10

Rate capability (kHz) 1.0 > 100

GWP gas >1000 1

production easy complex

50 𝛍m

70 𝛍m

Used in many experiments (mainly for muon systems): 
CMS (RPC & GEM)
ATLAS (RPC & MMEGAS) 



Next generation technologies
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Standard GEM
• Thin (50 um) Kapton foil
• Chemical etching to create the holes

Thick GEM (TGEM)
• Use traditional Printed Circuit Board (PCB)
• Mechanical drilling

50 𝛍m

70 𝛍m

• More robust & easier to assemble

• First tests with multiple GEM patterns (note the high gains)
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Next generation technologies
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Double gap RPC (standard, bakelite)

glass RPC (gRPC) multi gap RPC (mRPC

Advantages of gRPC:
• Excellent surface quality -> no oil needed
• More rigid -> thinner plates
• Higher rate capability (with doped glass)

Advantages of mRPC:
• Better time resolution ~50 ps



28/11/2024IIHE Annual Meeting     G. De Lentdecker

8

PART II: Gaseous Detector Applications



Application #1 : SDHCAL
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Beam test



Some results from test beams

28/11/2024IIHE Annual Meeting     G. De Lentdecker

10



New Timing SDHCAL (T-SDHCAL)
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T-SDHCAL
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Applications #2 : Muon Radiography
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Portable Muoscope Project
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gRPC prototyping
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Muon Radiography of Mt Vesuvius
(MURAVES)
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MURAVES
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Scintillator Imaging Detector for Egyptian Pyramids
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Application #3: Dose monitoring for 
Protontherapy
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230 MeV proton beam intercepted by
Ionization Chambers (IC);
In FLASH proton-therapy, up to 100 pC / pulse
-> released charge is so high that there is Space 
Charge Screening effect

1200 V/cm



To close this chapter…
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Most of the R&D activities presented so far
are included in the ECFA Detector R&D Roadmap
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PART III: Other developments
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Search for low (milli-) charged particles (Dark Matter particles)
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Digital electronics
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For many years the IIHE is developing digital electronics and FPGA boards
• CMS GE1/1 Opto-Hybrid
• JUNO back-end cards (BECs)
• …
Along with the firmware needed to operate the boards and to process the data

FPGA are good to process large amount of data in parallel, with a fixed latency

Nowadays they are so powerful that you can implement Neural Network algorithms on them



JUNO L1 Trigger
Ø Neural Network as alternative to the more traditional trigger 

algorithm based on “Nbr. Of Hits” threshold or “vertex finding”

Ø Implemented a 20 x 20 x 2 NN
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Activation functions



Some results
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Latency < 600ns (3+2×(3+5)+1=20 320ns@62.5MHz)
Jitter < 1 ns
Data refresh rate up to 125MHz
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CMS ME0 Trigger: Retina algorithm

• Inspired from visual mechanism in mammals.
• Highly parallelized -> suitable for FPGA
• Robust to background hits
• CMS GEM ME0 geometry perfectly suitable
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slow control system
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Empowering FPGA debugging with ESP32 
& IoT
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IoTHub: security-enhanced 
communication hub

ServiceBus: store 
messages until 
receiver is ready

ESP32: microprocessor
IoT device

XVC: TCP/IP-based
Protocol; acts like JTAG

Current implementation: New implementation:

• Rely on JTAG programmer at early stages
• Remote configuration and slow control at

later stages
-> use large amount of FPGA resources
-> typically not available at the
beginning of the developments



And its implementation
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Conclusions

Ø The IIHE has a vibrant R&D program
Ø Reminder: only a part was showed in this talk

Ø Very promising for the future

Ø Still, we have to continuously remind its importance to our FA’s & 
authorities
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Who’s who
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Michael Tytgat

GDL

Steven Lowette

Yifan Yang

Pierre Gerard
(p-therapy)

Indrani Jayam
(p-therapy) Isabelle De Bruyn

(CMS GEM)
Tiepolo Wybow

(Milliqan)

Yannick Allard

Pierre Dewulf

Michael Korntheuer
Benoit DenegreAnd many more…


