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Detector R&D topics in the recent past

LHC main motivation
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Scintillating Fibre Calorimetry at the LHC

A Stto Improve the Radiat Hardness of Gas.Detect.for Use at Very-H Luminosities
Embedded Architectures for Second-level Triggering In LHC Experiments (EAST)
Timing, Trigger and Control Systems for LHC Detectors

A Scalable Data Taking System at a Test Beam for.LHC

Noble Liquid (Xenon or Krypton) Totally Active Calorimetry

The Prism Plastic Calorimeter (PPC)

A digital Front-End and Readout Microsystem for calorimetry at LHC

Ulrrafast Readout of Scintill.Fibres Us.Upgr.Position-Sensitive Photomultipliers

R&D on scintillation materials for novel ionizing radiation detectors for High Energy Physics, medical imaging and industrial applications

Development of Hybrid and Monolithic Silicon Micropattern Detectors

Study of a Tracking/Preshower Detector for the LHC

Dev.of High Resolution Si Strip Detectors for Exp.at High Luminosity at the LHC
Liquid Argon Calorimetry with LHC-Performance Specifications

Study of Liquid Argon Dopants for LHC Hadron Calorimetry

Stof Muon Triggers & Mamentum Rec.in a StrMagn.Field x a Muon Detector at LHC
Integr.High-Rate Transition Radiation Detector & Tracking Chamber for the LHC
Central Tracking Detector Based on Scintillating Fibres

Development of GaAs Detectors for Physics at the LHC

A Demonstrator Analog Signal Process.Circoit in a Radiation Hard SOI-CMOS Techn.
RE&D for Collider Beauty Physics at the LHC

Test of Beam Extr.by Crystal Chann.at the SPS#First Step tow.a LHC Extr.Beam
Optoelectronic Analogue Signal Transfer for LHC Detectors

Application of the Scalable Coherent Interface wo Data Acquisition at LHC

Continuing Studies on Lead/Scintillating Fibres Calorimetry (LFC)

Development of a Large Area Advanced Fast RICH Detector for Particle Identification at the Large Hadron Collider Operated with Heavy lons

R&D
R&D
R&D

RE&D

R&D
R&D
R&D

R&D
R&D
R&D
R&D

RE&D

R&D
R&D
R&D

R&D

20-09-1990
04-04-1991
04-04-1991
04-04-1991
04-04-1991
04-04-1991
04-04-1991
04-04-1991
04-04-1991
04-04-1991
27-06-1991
20-09-1990
27-06-1991
20-09-1990
20-09-1990
07-02-1991
07-02-1991
07-02-1991
07-02-1991
07-02-1991
28-11-1991
28-11-1991
06-02-1992
06-02-1992
16-04-1992

16-04-1992

Finished
Finished
Finished
Finished
Finished
Finished
Finished
Finished
Finished
In-Progre
Finished
Finished
Finished
Finished
Finished
Finished
Finished
Finished
Finished
Finished
Finished
Finished
Finished
Finished
Finished

Finished

RD27
RD28
RD29
RD30
RD31
RD32
RD33
RD34
RD35
RD36
RD37
RD38
RD39
RD40
RD41
RD42
RD43
RD44
RD45
RD46
RD47
RD48
RD49
RDS50
RDS51
RDS52

RD53

GAS MICROSTRIPS
DMILL

OPTICAL TRIGGER
NEBULAS

ALICE TPC

TGT

TILECAL

SICAL

CICERO
SMSD
0-CAL
MOOSE

BHCAL
GEANT4

ROSE
RADTOL

First-Level Trigger Systems for LHC Experiments

Dev.of Gas Micro-Strip Chambers for Radiation Det.& Tracking at High Rates

AMixed Analog-Digital Radiation Hard Technology for High Energy Physics Electronics: DMILL {Durci Mixte sur Isolant Logico-Lineaire)

St.of Impact-Par.Opt.Discrim.to be used x Beauty Sch in Fixed-Tgt Mode at LHC
NEBULAS.br H-P.Data-Dr.Event-Build.Arch.bas.on Asynchr.Self-R.Pack-Switch.Netw.
Dev.of a Time Projec.Chamber w.High Two Tr.Resol.Cap.x Exp.at Heavy lon Collid.
Study of a Novel Concept for a Liquid Argon Calorimeter The “Thin gap Turbine” (TGT)
Constr.& Perf.of an Iron-ScintillHadron Calorimw.Longitudinal Tile Configurat.

A Silicon Hadron Calorim. Medule Op.in a Strong Magn.F.wYLSI Readout for LHC
Shashlik Calorimetry.br - A Combined Shashlik + Preshower Detector for LHC

Very Forward Hadron Calorimetry at the LHC Using Parallel Plate Chambers
CICEROCurl Inf.syst.Conc.b.on Enc.R-T.0bj.St.on Gen.Cirl Syst.x Lge SC.LHC Exp.
Cryogenic Tracking Detectors

Development of Quartz Fiber Calorimetry

Object Oriented Approach to Software Development for LHC Experiments
Development of Diamond Tracking Detectors for High Luminosity Experiments at the LHC
Proposal for Research & Develop.of a Hadron Calorimeter for High Magnetic Fields
GEANT 4:an Object-Oriented toolkit for simulation in HEP

A Persistent Object Manager for HEP

High Resolution Tracking Devices Based on Capillaries Filled with Liquid Scintillator
High Energy Physics Processing using Commedity components (HEP PQ)

Radiation Hardening of Silicon Detectors

Studying Radiation Tolerant ICs for LHC

Development of Radiation Hard Semiconductor Devices for Very High Luminosity Colliders
Development of Micro-Pattern Gas Detectors Technologies

Dual-Readout Calorimetry for High-Quality Energy Measurements

Development of pixel readout integrated circuits for extreme rate and radiation
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The Detector R&D collaborations (DRDs)

* Focused R&D collaboration on Specific R&D
* Coordinate the development of advanced detector technologies

* To be operational in 2024



Approvaland Reviewing:DRDC Committee

— New committee at CERN on the
same level as SPSC and LHCC:

Reviewed submitted DRD proposals

Monitoring the progress of each DRD
collaboration by requesting

_ Annual status reports

— Assisted by ECFA detector Paned

e Community input by

open meetings

Submission of proposals
to DRDC

* Review by CERN DRDC,

assisted by ECFA EDP

e Approval, then:

e Collaboration starts

MoU negotiations and
signature collection

J

|
e annual status reports and

monitoring to DRDC




|dentification of the most pressing R&D priorities
within each Task Force area.
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Task 4.1: “Radiopurity and background mitigation. This addresses the
need for development in new and more sensitive assay methods, new
material selection and cleaning protocols, and development of
radiopure materials.”


http://cds.cern.ch/record/2886644/files/DRD2_Proposal-v5_6Dec2023.pdf

Timeline of milestones and major deliverables

Goals

Deliverables

Milestones 2024

MMilestones 2025

Milestones 20206

Milestones 2027-2030

WP4: Scaling-up Challenges

Td.1: Radiopurity and background mitigation

T4.1.G1: Radioassay techniques st required
sonsitivity for next generation of
rare-event search experiments

T4.1.G1.D1 Measurement demonstrating
< 5By sensitivity for
warm/cold Bn emanation |3026)

Design and material salection
for warm/eold Bn emanation at
=5 pBqg sensitivity

Portable gas Rn monitor
constructed and tested

Rn emanation warm feold
sensitivity demonstrated at =5 pBg;

Throughput seale up for all techniques;
Characterizsation of stock materials and
barrier methods for next-generation experiments.

T1.1.C1.02 Messurements demonstrating
=20 ppq U/Th sensitivity with ICP-MS
and HPGe to <2 pBq/kg (2026)

[CP-MS sample preparation
protocols for key materials
at <20 ppq U/Th

HPGe detector buils
and characterised

Demonstration rapid pre-sereening
using laser ablation

ICP-MS to 10 ppt U/ Th.

Throughput seale up for all techniques;
Cheracterization of stock materials and
barrier methods for next-generation experiments.

T4.1.G2: Mitigation through material
solection, treatment and
clean manufacturs

T4.1.G2.11 Technical report
on surface treatments and
clean protocols to achiove fow ng/fem?
surface cleanliness lovels (2026)

Evaluation of barrier
materials and methods
{electroplating, conventional)

Demonstration of dust
removal using atmospheric
plasma surface treatment

Protocels for dust removal
surface treatments (chemical /electrochemical )
demonstrated ( few ng/em?);
Barrier surfane treatment of large scale
detector components operational.

Demonstration of dust
removal using vacuum
plasma surface treatment

T4.1.G2.02 Prototype assay
techniques to characterise fow
ngfem? and 100 pBq/m?
contamination levels (2026)

Demonstration of ML-enabled
optical and Hurescence surface
dust contamination to few ngfem?®

Design and material selection for surface
alpha-screening system (with industrial
partners) with 100 pBg/m? sensitivity

Freility for tests
of surface contamination of
large electrodes O(m®);
Barrier surfece treatment of
large scale detector components
operational; Surfece alpha-screening
system operationsl with
100 pBog/m® sensitivity

Demonstration of dust
removal using vacuum
plasma surface treatment

T4.1.G3: Development of novel materials
for background suppression

T4.1.G3.1M Report on performance
and production at scale
of novel veto materials (2026)

Development of low-background
polymerization processes for
prssive shislds and
light guides; Design optimisation
for Gd-PMMA system (maximum
Gd-fraction, veto thickness)

Secale-up passive shisld production;
Materials screening /seloction
for high-radiopurity
Gd-PMMA sctive shielding

Gd-PMMA seale-up via industrial transfer

T4.1.G3.D2 Prototype of Rn
removal system based on
microporous sdsorbents (2026)

Synthesis of new microporous
adzsorbents for Rn capture
in gas phase (Ar, Xe, N2)

New generation of microporous
radon adsorbents characterized
in Ar, Xe gas a function
of T, P.

Design and construct in removal
system based on microporous
mdzorbents

T4.1.G4: Tools for the
evalustion of backgrounds

T4.1.G4.D1 Public release
of simmlation and accounting
tools {2F26);

Implementation of genaric highly
shiclded detector in GEANTY;
Development of GPU-accelorsted
statistical inference tools; Improvement
in sccuracy of neutron yield
calculations with uncertainties of 10%
for most materials; Comparizon
between codes, models and datasets for
coemopenic and beam activation
prosiucts; Development of material
background sccounting tool and data

frrmate

Development of techniques for
high-stats simulations of highly
shielded detectors (event hiasing,
bootstrapping, GPU/TPU
socelerated); Relosse updated neutron
yield library (SOURCEA) and paper;
Toolkit for securate simulation of
cosmogenic production and sctivation
of detector components and target
matorials

Improved (x-n) production
cross-section messurements for
key materials (e.g., argon);
Report on design studies
optimising sctive veto strategios
v fiducial trade off for 0vBE,
DML
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T4.1: Radiopurity and Background Mitigation
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Quick facts 1:

* CERN will not directly provide funds for this R&D

* Funding should be sought through national calls (either general or
dedicated)

* [t is expected that being part of a DRD will increase the chances of
obtaining funding

* Additionally, DRDs are official CERN collaborations, allowing access to
CERN’s resources



What you are supposed to do:

* Prepare some basic information to include your R&D in the final

proposal

* Sign a "light" MoU with CERN

* Plname

* Participating institutions

* FTE (total for duration) (Physicists)
 FTE (PhD students)

* FTE (Eng+Tech)

* Funding available (k€) (if any)

» Start date of the proposed activity
* End date of the proposed activity
* Activity description (a few lines)



