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Overview

Brief introduction to CPAD
BRN for Detectors and ECFA Roadmap

Snowmass Recommendations: US Generic R&D Collaborations
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Synergies between specific collider detector needs and alighment with US
instrumentation expertise
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CPAD’s Primary Activities

Started by DPF as taskforce in 2011

Primary role: promote, coordinate and assist in generic detector R&D nationally, on behalf of the
community

Main activities:

» Annual workshops hosting vibrant exchange for people working on detector R&D, brainstorming on new
technologies and applications; essential networking opportunities for early career colleagues

» e.g. organized Quantum Sensing for HEP workshop in 2017, kicking off a whole new field in US
» Interfacing with industry partners: supporting DOE in SBIR, STTR
» Interfacing with other disciplines, e.g. QIS, Material Science, Chemistry, etc.

» Recognition and nurturing for careers in detector instrumentation: annual DPF Instrumentation Awards and
GIRA Awards (Graduates in Instrumentation Research Award)




BRN for Detectors in 2019

Basic research Needs for High Energy Physics Detector Research and Development
* Methodology:

* examine connections between physics drivers and detector
requirements, considering ALL the physics drivers

— Work organized
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BRN Report: link



https://science.osti.gov/hep/Community-Resources/Reports

BRN: identifies Priority Research Directions

» For example: solid state tracking:

I I R

Develop high spatial resolution pixel 1. small pixel size =10um
detectors with precise per-pixel time 2. timing O(1-10ps) Lepton colliders, LHCb Upgrade 2
resolution to resolve individual 3. Extreme radiation (10'®n,,/cm?) Hadron colliders

interactions in high-collision-density
environments

Adapt new materials and 1. Adapting new materials and novel
fabrication/integration techniques for configuration sensors with new
particle tracking industrial partnerships Lepton and hadron colliders
2. Develop readout electronics Charged lepton flavor violation

matched to new sensor
characteristics, including new
processing such as 3D integration

Realize scalable, irreducible mass 1. Highly integrated monolithic active = RLepton and hadron collider, heavy
trackers Sensors flavor experiments at hadron machine,
2. Scaling of low mass detector dark matter, charged lepton flavor
systems violation

3. System for special applications
(space/dark matter/rare processes)

M.Artuso, P5 Townhall at BNL




Synergies with ECFA Roadmap vy
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. Must happen or main physics goals cannot be met . Important to meet several physics goals Desirable to enhance physics reach @ R&D needs being met



https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4036993/ECFA%20Detector%20R%2526D%20Roadmap%20Main%20File.pdf

Snowmass Recommendations

» From the 2021 Snowmass Report: key recommendations from the Instrumentation Frontier:

IF-1 [Adva‘nce performance limits of existing technologies and develop new techniques and materials] nurture
enabling technologies for new physics, and scale new sensors and readout electronics to large, integrated
systems using co-design methods.

IF-2 [Develop and maintain the critical and diverse technical workforce] and enable careers for technicians,
engineers and scientists across disciplines working in HEP instrumentation, at laboratories and univer-
sities.

IF-3[Double the US Detector R&D budget over the next five years] and modify existing funding models
to[ enable R&D consortia along critical key technologies for the planned long term science projects]
sustaining the support for such collaborations for the needed duration and scale.

IF-4[Expa‘nd and sustain support for blue-sky R&D] small-scale R&D, and seed funding. Establish a
separate agency review process for such pathfinder R&D, independently from other research reviews.

IF-5|Develop and maintain critical facilities, centers and capabilities [for the sharing of common knowledge
and tools, as well as develop and maintain close connections with international technology roadmaps,
other disciplines and industry.

Snowmass IF: report



https://arxiv.org/abs/2209.14111

CPAD R&D Collaborations

» Goals:

» Create a robust R&D program towards the technologies needed to enable
discoveries in future HEP detectors and foster innovation in
instrumentation

» Allow for more streamlined and synergistic collaboration between
university teams and laboratories to share expertise, tools and facilities,
and avoid duplication in light of limited funds

» Potential to uncover new materials and methods for HEP/collider dets.

» Facilitate easy communication and connections between participants in US
R&D Collaborations and CERN DRDs and other relevant partners

» First step: organize R&D Collaborations (RDCs) along specific key
technologies in line with BRN

» identify initial lead people and liaisons with European DRDs

» organize workshops to define key R&D directions that connect different
communities

CPAD RDCs: webpage

RDC1

RDC2

RDC3

RDC4

RDC5

RDCé6

RDC7

RDC8

RDC9

RDC10

RDC11

Noble Element Detectors
Photodetectors

Solid State Tracking
Readout and ASICs

Trigger and DAQ

Gaseous Detectors
Low-background Detectors

Quantum and Superconducting
Sensors

Calorimetry
Detector Mechanics

Fast Timing



https://cpad-dpf.org/?page_id=1549

Intra-Collider Synergies

» Current/near-future:
» Si-based Calorimetry: Calice & CMS HGCal
» Scintillator-tile-based calorimetry: CMS HGCal & EIC
» LGADs: HL LHC ATLAS & HL LHC CMS & EIC

» Future:
» MAPS: will be ubiquitous; low mass, high granularity, can include fast timing: HL LHC & EIC, FCC-ee, ILC, MuC
» Standard silicon tracking:

» Calorimetry: PF and Dual Readout, different materials and technologies: many commonalities among
different colliders

» Gaseous detectors: applications in tracking, calorimetry, muon detection
» Radiation hardness: FCC-hh & MuC
» Many other synergies: ASICs, readout electronics, TDAQ, on-detector Al/ML




Summary

> Many synergles ex1st in detector R&D needs for future colliders

» HL LHC, linear and circular e+e-, hadron, muon colliders and EIC (NP)

Harvard Business Review illustration on Global Collaborations




Summary

L

;ff“

o ‘?'. 4 ; %
4 b ) & >~ ) A B
J - : f : \ s

Many synergies exist in detector R&D needs for future colliders
» HL LHC, linear and circular e+e-, hadron, muon colliders and EIC (NP)

Resources (funding, people, facilities) are limited

Harvard Business Review illustration on Global Collaborations
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» Many syner ctor R&D needs for future colliders
| » HL LHC, linear and circular e+e-, hadron, muon colliders and EIC (NP)
» Resources (funding, people, facilities) are limited

» We have the duty to collaborate and benefit from each other’s work for
faster progress and decreased duplication
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Harvard Business Review illustration on Global Collaborations
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» HL LHC, linear and circular e+e-, hadron, muon colliders and EIC (NP)
Resources (funding, people, facilities) are limited

We have the duty to collaborate and benefit from each other’s work for
faster progress and decreased duplication

The community (through Snowmass and CPAD) has decided to form US
R&D Collaborations under the Stewardship of CPAD
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Many synergies exist in detector R&D needs for future colliders
» HL LHC, linear and circular e+e-, hadron, muon colliders and EIC (NP)
Resources (funding, people, facilities) are limited

We have the duty to collaborate and benefit from each other’s work for
faster progress and decreased duplication

The community (through Snowmass and CPAD) has decided to form US
R&D Collaborations under the Stewardship of CPAD

» organized along key technologies crucial for the field (in line with BRN)

Harvard Business Review illustration on Global Collaborations
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» HL LHC, linear and circular e+e-, hadron, muon colliders and EIC (NP)

Resources (funding, people, facilities) are limited

We have the duty to collaborate and benefit from each other’s work for
faster progress and decreased duplication

» The community (through Snowmass and CPAD) has decided to form US
R&D Collaborations under the Stewardship of CPAD

» organized along key technologies crucial for the field (in line with BRN)

» ensure close ties between people working on different collider options and
with international efforts (DRDs, US-Japan)

Harvard Business Review illustration on Global Collaborations




