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A bit of history of highest energy colliders

Future?
ILC/CLIC,

FCC, CEPC,
saperfiuid - C3, Muon collider,

cryogenics

10000 | Discovery on the Energy Frontier

1000 Hadron colliders

(top quark Tevatron)
SC cable mlp>
(W, Z bosons) SppS

Ltepn Lepton colliders
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cooling PETRA, PEP (gluon)
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High Energy Physics

essentials for success collaboration is in our “blood”
»  Innovations in technology & design >  Highly globalized
»  S&T leadership + organization >  Relying on large facilities (intl., domestic)
»  Planning and execution of the plan >  Hosting + participating in global projects
(hard work) at national & international labs
Intensive theoretical development >  Research is fundamental; no “secret”;

International collaboration essential
Creative mind, dedicated

professionals, and many very bright \l/
young scientists in the pipeline

- . HEP should be an exemplary field for
trong government support an International exchange and

continuous funding L ) ) .
cooperation in science in China

We should be on top with global HEP
development and plans

August 13, 2024
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Landscapes and national roadmaps

Europe — EPPSU, FCC, R&D programes, ...

United States — P5, muon collider, C3, ...
Japan - continuing with the IL(C, ...
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Europe
Landscapes and national roadmaps

Future Accelerators

FCC(ee,hh), CLIC, and muon collider R&D
FCC feasibility study
comprehensive and intensive technology-system R&D projects

Execution of European Particle Physics Strategy Update 2020
Has begun the process of EPPSU 2024-6

August 13, 2024



Europe

European Strategy on Particle Physics

Continuous process driven by the community

e First defined 2006
e Update 2013 brought us HL-LHC decision

<+

+

http://europeanstrategy.cern/

2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS

e Update 2020 brought us decisions for post-HL-LHC times: el i st oo

Europe, together with its international partners, should investigate the technical and financial feasibility of a future hadr on collider at CERN with a centre-of-
mass energy of at least 100 TeV and with an electron-positron Higgs and electroweak factory as a possible first stage.

Detector R&D programmes and associated infrastructures should be supported at CERN, national institutes, laboratories and universities. Synergies between
the needs of different scientific fields and industry should be identified and exploited to boost efficiency in the development process and increase
opportunities for more technology transfer benefiting society at large. Collaborative platforms and consortia must be adequately supported to provide
coherence in these R&D activities. The community should define a global detector R&D roadmap that should be used to support proposals at the European
and national levels.

Europe should maintain its capability to perform innovative experiments at th§ boundary between particle and nuclear physics, and CERN should continue to
coordinate with NuPECC on topics of mutual interest.

Synergies between particle and astroparticle physics should be strengthened throug
common interest and mutual benefit.

ientific exchanges and technological cooperation in areas of

e | Update 2026 on the horizon with input proposals by spring 2025

CERN’s comprehensive, well organized
technology-system DRD collaborations
(I will cover this shortly)

August 13, 2024 8



Europe

FCC Conceptual Design Study started in 2014 leading to CDRin 2018 FCC integrated program — timeline

2021- 25: 2028: 2032: 2041: 2045: 2070:

. roject approval construction Operation of Operation of
Feasibility Study by GERN Gouncil starts HL- LHC ends ol e

- B KB K 18 Feces | 10 years ) “Realistic” schedule taking into account:
m FCC-ee dismantiing, CE g
et e + past experience in building colliders at CERN

Geological investigations, infrastructure
detailed design and tendering preparation
+ approval timeline: ESPP, Council decision

FCCﬂg,meeiemtpr

FCC-hh accelerator and detector
‘construction, installation, commissioning

Can be accelerated if more resources available

FCC feasibility study

FS Mid-Term Review passed ! Main goals 2024/ beginning 2025

Deli bl Full Report
eliverables:
8 Chapters/Deliverables leti hnical K for F ibili il 2024

D1 : Definition of the baseline scenario ~ 700 pp document Completing technical work for Feasibility Study until end 20
gg : Civil englneer:l-ng " Future Circular Collider ~ 16 editors Conti Kk with h .

+ Process dlaasnwutl;:lt'ﬁ:Host e Midterm Report ~ 500 contributors +  Implementation of recommendations from the mid-term review ontinue work with host states on:
D4 : Technical infrastructure +  Focus on “feasibility items” and items with important impact on « project definition and responsibilities
D5 : FCC-ee accelerator Review process: L
D6: FCC-hh accelerator v S———— cost/performance + authorization procedures
D7: Project cost and financial feasibility anﬂ%gtl.hmaspi?g ot od. . . A A
D8: Physics, experiments and detectors " CostRovewPanatadhoo * Develop a risk register + excavation material strategy

= Update cost estimate to reach cat 3 level on cost uncertainty. = regional implementation development
Documents: + SPCand FC . . X . .
« Mid-term report (all deliverables except D7) ) + Further develop the funding model based on discussions with the Council
« Executive Summary of mid-term report Council
+ Council

+ Updated cost assessment (D7)
* Funding model (D7)

Ao dabvarties All deliverables met, no 70-80 dati
e technical showstoppers — 70-80 recommendations , Complete FS by March 2025 as input for ESPP update
fo)

Michael Benedikt, Frank Zimmermann, CERN



Europe: FCC

Status S|te |nveSt|gat|onS Site investigations to identify exact location

of geological interfaces:

Regional implementation activities

Meetings with municipalities in France (31) and
Switzerland (10)

*PA - Ferney Voltaire (FR) — experiment site

» Molasse layer vs moraines/limestone
+ ~30 drillings

+PB - Présinge/Choulex (CH) — technical site *  ~100 km seismic lines

*PD - Nangy (FR) — experiment site

+PF — Roche sur Foron/Etaux (FR) - technical site - Start in July/August 2024
*PG - Charvonnex/Groisy (FR) — experiment site
“PH — Cercier (FR) - technical site - Vertical position and inclination of tunnel
*PJ - Vulbens/Dingy en Vuache (FR) experiment site

*PL - Challex (FR) — technical site

Detailed work with municipalities and host states
- identify land plots for surface sites

- understand specific aspects for design

- identify opportunities (waste heat, techn.)

- reserve land plots until project decision

Individual meeting
(E_ecdoumi rwebog nieed |

> The support of the host states is greatly appreciated and essential for the study progress! (i e )

Drilling work on the lake

Public information / engaging sessions

First public information and discussion meeting La Roche-sur-Foron - Haute Savoie
at the Science Gateway on 24 April at CERN international fair, 27 April to 6 May

Unveiling the science of tomorrow:
FCC Study takes centre stage at La
Roche-sur-Foron exhibition

FCC Week 2024

Complete status of the FCC Study and all the latest
advancements were presented at the Future Circular
Collider Week 2024, in San Francisco, 10-14 June 2024

https://fccweek2024.web.cern.ch/

https://fccweek2024 web.cer.ch

On 15 May, RTS (Radio Télévision Suisse) broadcasted a
special program celebrating CERN’s 70th anniversary
and hosted at CERN's Science Gateway.

e ot srencees

- Meeting for local community (CH, F)

- CERN's participation enhanced by help
of volunteers from the FCC team

SAN

- Discussion about “Progress of the
Feasibility Study of the Future FCC
circular collider”

- Discussions with over 2000 locals

- Various topics (from the required
technological. advancements to
sustainability measures)

- Comprehenswe look at CERN's history,
(FCC)

ach 1ts, and future

- Study experts interacting with the audience
explaining the Future Circular Collider (FCC)
project

Michael Benedikt, Frank Zimmermann, CERN

August 13, 2024
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Europe: FCC

FCC-ee main machine parameters

Parameter

beam energy [GeV]

beam current [mA]

number bunches/beam

bunch intensity [10]

SR energy loss / turn [GeV]

total RF voltage 400/800 MHz [GV]
long. damping time [turns]
horizontal beta* [m]

vertical beta* [mm]

horizontal geometric emittance [nm]
vertical geom. emittance [pm]
vertical rms IP spot size [nm]
beam-beam parameter x, / X,

rms bunch length with SR / BS [mm)]
luminosity per IP [10** cm's]

total integrated luminosity / IP / year [ab'!/yr]

beam lifetime rad Bhabha + BS [min]

F. Gianotti

Z
45.6
1270

11200
2.14
0.0394
0.120/0
1158
0.11
0.7
0.71
1.9

36

0.002/0.0973
5.6/15.5
140

17

15

4 years
5x1012Z
LEP x 105

ww
80
137
1780
145
0.374
1.0/0
215
0.2
1.0
2.17
2.2
47
0.013/0.128
35/5.4
20

2.4

12
VACE S
> 108 WW
LEP x 104

H (zH)
120
26.7
440
1.15
1.89
2.1/0
64
0.24
1.0
0.71
1.4
40
0.010/0.088

34/47
25.0
0.6

12

3 years
2x108H

August 13, 2024

ttbar
182.5
4.9
60
1.55
10.4
2.1/9.4
18
1.0
1.6
1.59
1.6
51
0.073/0.134
1.8/2.2
1.25

0.15

11

RCELS]
2x 108 tt
pairs

Design and parameters to maximise luminosity at
all working points:

« allow for 50 MW synchrotron radiation per beam

* Independent vacuum systems for electrons and
positrons

« full energy booster ring with top-up injection,
collider permanent in collision mode

Improvements:
O x10-50 on all EW observables

O upto x 10 on Higgs coupling (model-indep.)
measurements over HL-LHC

QO x10 Belle |l statistics for b, ¢, T

O indirect discovery potential up to ~ 70 TeV

0 direct discovery potential for feebly-interacting

particles over 5-100 GeV mass range

Up to 4 interaction points
-> robustness, statistics, possibility of specialised

detectors to maximise physics output

11



FCC-ee Injector e

P. Craievich et al .
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C. Milardi, A. De Santis et al.

“Positron production experiment” at PSI's SwissFEL, beam tests from 2025/26

HTS Ni target solenoid
J. Kosse, T. Michimayr, H. Rodrigues

FCC-ee baseline RF configuration so far

Europe: FCC

Injector implementation study on CERN
Prévessin Site

LINAC and Injection Tunnels

* Enables injection
= from SPS as pre-booster
+ from a new HE Linac sited at
Prevessin

* Single tunnel with spur to enable
anticlockwise injection

* Design allows re-use for FCC-hh if
injector in the SPS tunnel (SC-SPS
option)

+ SPS Point 4 to FCC (clockwise)
* SPS Point 6 to FCC (counter-c.w.)

P. Craievich, W. Bartmann, Y. Papaphilippou, C. Milardi
- a ue

W, s . o wwems [ CC-€€ Option: — ]
NBICu eyt NbiCu mﬂw e bulk Nb o M at 125 GeV obtained with ttbar lattice
coupler and high 1 cavity, afowing and higher create opposite-sign D;, based “mix” mode,
officiancy Kystron reuse of klystrons. frequency; 200 KW/ ¢ 9. reaches y,< 2.9%,(SM) in
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= coupling
s %, 0
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FCC-ee dynamic aperture with alignment errors
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A, Faus-Golfe, Z. Znang. P. Raimondi, K. Oxde, F. Z.

FCC-ee filling scheme & e-cloud mitigation

“CDR scheme” “Carli-Bartosik scheme”

only 1/10 of intensity per booster cycle
- vacuum pressure-tolerant

only 1/10 of collider bunches at intermediate intensity
<> anti e-cloud build up

- yet same integrated luminosity as for CDR scheme |

H. Bartosi, C. Carf, L. Mether, F. Zimmermann
I'\UBUJL 419, VL

Michael Benedikt, Frank Zimmermann, CERN

Arc cell optimisation - 80 km total length,
dedicated working group active.

FCC-ee arc half-cell mock up

p Transfer line FCC-ee

(option with SPS for FCC-hh)

A roc unac
47 (Surtace - Prevessin sie)

FCC LINAC
(Underground)

/ Transfar Tunnal LINAC-SPS
= 1530m.
Siope= 3.2%

sPS

_~5PS Point4

Consiruction Shaft
Injection turnel SPS-FCG

e Length= 770m.
4 Siopa= 8.4%
LHC Point B

&

Injsction tunnel SPS-FCC
|Langtn= 3370m.
. Siape= 1967m. 8l 6%
1394m, 8t 43%

Arc layout and integration optimisation

ar70

25500 He/Smoke exracton

5 Catle vays

including support, girder and alignment systems, Leaky food
shielding systems
vacuum system with antechamber + pums, dipole,
quadrupole + sext. magnets, BPMs

22m*2.5mir

cabling, cooling & technical infrastructure interfaces .
Cable trays, in radiation

safety aspects, access and transport concept ot
- Confirmation of tunnel diameter

4 Catle vays

Chited water
Flat floor /i S .

=/ Magnatvshide
Transport space reservation

Demineralzed water
2.2mx2.25m (L}

DNSSO

3Catle trays

it | 1260 |

F. Carra, CERN; F. Vakhkova

Machine detector interface

Q1 prototype tested st cold in

SM18 (CERN), October 23
it = L

Key topics: P — \ L

\

+ SC IR magnet system WS
& Cryostat design \
+ 3D integration [r—T—N
* IR mock-up at INFN
Frascati !
P. Tavares, CERN
J Seeman,
[ FCCee | CEPC ILC | SuperKEKB
Crossing-angle ~ mrad 30 33 14
L m 22 19 35 0.935
Vertical " at IP mm 0716 0927 04 03
Detector soln field T n 3 355 15
Detector stay clear mrad 100 18141 20 3501436
Two beam AX atL* mm 66 627 49 776 R RN
He temperature K 19 42 45 45



Europe

Progress on international collaboration

Joint Statement of Intent between The United States 26 April 2024

of America and The European Organization for White House Office of Science and Technology

Nuclear Research concerning Future Planning for Policy Principal Deputy U.S. Chief Technology

Large R‘ arch Infrastructure Facilities, Advanced Officer Deirdre Mulligan signed for the United

Scientific Computing, and Open Science States while Director-General Fabiola Gianotti
signed for CERN.

The United States and CERN intend to:

¢ Enhance collaboration in future planning activities for large-scale, resource-intensive facilities with
the goal of providing a sustainable and responsible pathway for the peaceful use of future

accelerator technologies;

¢ Continue to collaborate in the feasibility study of the Future Circular Collider Higgs Factory (FCC-ee),
the proposed major research facility planned to be hosted in Europe by CERN with international
participation, with the intent of strengthening the global scientific enterprise and providing a clear

pathway for future activities in open and trusted research environments; and
¢ Discuss potential collaboration on pilot projects on incorporating new analytics techniques and

tools such as artificial intelligence (Al) into particle physics research at scale.

Should the CERN Member States determine the FCC-ee is likely to be CERN's next world-leading

research facility following the high-luminosity Large Hadron Collider, the United States intends to

collaborate on its construction and physics exploitation, subject to appropriate domestic approvals.

US: DOE and NSF Higgs factory organisation

August 13, 2024 13



Europe

Update of the European Strategy

In March 2024, the CERN Council approved the timeline for the next update of the European Strategy for
Particle Physics with a completion date in June 2026

The proposed timeline is determined by physics (LHC, HL-LHC, results from other colliders) and strategic
considerations:

- Physics landscape: physics results from the LHC and other colliders, HL-LHC upgrades ongoing,
exploration of the Higgs sector remains central

- Excellent progress at CERN and beyond on the preparation for future colliders

* FCC Feasibility Study
(mid-term report presented, excellent progress on the technical side - no showstoppers identified for an FCC-ee as a first
stage of an integrated FCC programme)
Planned to complete the study in March 2025

* Clearer view on the international landscape for future colliders
- ILC in Japan as a global project; so far no commitments
- P5 process in the US (= participation in an off-shore Higgs factory (ILC, FCC-ee)
- Technical Design Report for CEPC in China released in Dec 2023;
Aim for adoption of the project in the next 5-year funding cycle(s) in 2025

mmwnmm 2 Very relevant information will become available by the end of 2025

August 13, 2024
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Europe
The Strategy Secretariat and European Strategy Group (ESG)

Strategy Secretariat: Organising and running the ESPP process

Karl Jakobs (Strategy Secretary, Chair)
Hugh Montgomery (SPC Chair)

Dave Newbold (LDG Chair)

Paris Spicas (ECFA Chair)

The Physics Preparatory Group (PPG)

'Physics Preparatory Group (PPG): collects input from the community, organises the Open Symposium,
' prepares the Briefing Book

- Strategy Secretary (acting as Chair)

- Four members appointed by Council on the recommendation of the SPC

- Four members appointed by Council on the recommendation of ECFA

- One representative appointed by CERN

- Two representatives from the Americas and two representatives from Asia (appointed by the respective regional
representatives in ICFA)

- The SPC Chair

- The ECFA Chair

- The LDG Chair

August 13, 2024
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United States
Landscapes and national roadmaps

U.S. Particle Physics Strategic Planning Process el
& ™ O 4T e o=

| Je _ Exploring Pathways to Innovation
‘ SNWI\IA'YISASSIgSUIIPPI Building for Discovery | JRSg Bl i Py
le Physics in the Glol e \ 5 ) ‘ niverse

‘ JULF2:=MGUST 8, 201
US Particle Physics:
Scientific Opportunities

Planning the
of U.S. Particle Phy ncs

@ENERGY 5%

https://agenda.linearcollider.org/event/10134/

Abid Patwa, LCWS 2024, Tokyo
August 13, 2024 16



United States
Landscapes and national roadmaps

2023 P5 Strategy: @iiiciicy oo

. i % ENERGY s
3 Science Themes and 6 Science Drivers or Focus Areas

Decipher Explore [lluminate
the New the
Quantum Paradigms Hidden
Realm in Physics Universe

Determine the Nature
of Dark Matter

Search for Direct Evidence
of New Particles

Elucidate the Mysteries
of Neutrinos

Reveal the Secrets of Pursue Quantum Imprints Understand What Drives
the Higgs Boson of New Phenomena Cosmic Evolution

Abid Patwa, LCWS 2024, Tokyo

August 13, 2024
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United States
Landscapes and national roadmaps

U.S. DEPARTMENT OF Office of

ENERGY Science

Off-shore Higgs Factory: 2023 P5 Strategic Report @

E From 2023 Ps:

= Recommendation 2, Priority #3 out of 5: An off-shore Higgs factory, realized in collaboration with international partners, in
order to reveal the secrets of the Higgs boson. The current designs of FCC-ee and ILC meet our scientific requirements. The U.S.
should actively engage in feasibility and design studies. Once a specific project is deemed feasible and well-defined (see also P5
Recommendation 6), the U.S. should aim for a contribution at funding levels commensurate to that of the U.S. involvement in
the LHC and HL-LHC, while maintaining a healthy U.S. on-shore program in particle physics (P5 section 3.2).

= Recommendation 6: Convene a targeted panel with broad membership across particle physics later this decade that makes
decisions on the U.S. accelerator-based program at the time when major decisions concerning an off-shore Higgs factory are
expected, and/or significant adjustments within the accelerator-based R&D portfolio are likely to be needed. A plan for the
Fermilab accelerator complex consistent with the long-term vision in this report should also be reviewed. The panel would
consider the following:

a) The level and nature of U.S. contributions in a specific Higgs factory including an evaluation of the associated schedule,
budget, and risks once crucial information becomes available.

b) Mid- and large test and demonstrator facilities in the accelerator and collider R&D portfolios.

¢) Aplan for the evolution of the Fermilab accelerator complex consistent with the long-term vision in this report, which
may commence construction in the event of a more favorable budget situation.

DOE does not envision a single panel to address Recommendation 6; rather we plan to work with NSF, the

DOE national labs, and community-at-large to convene three separate panels that each will address one of the topics.

Abid Patwa, LCWS 2024, Tokyo

August 13, 2024 18



U.S. Organization for Higgs Factory Coordination and

United States

Development - PED (1)

Landscapes and national roadmaps

U.S. DEPARTMENT OF Office of

ENERGY Science

= Jointly, DOE and NSF recently issued a charge forming a nationally coordinated U.S. Higgs Factory Coordination

Consortium (HFCC) to coordinate and develop the physics, experiments, and detectors (PED) program
* U.S. HFCCincludes: 1) Higgs Factory Steering Committee (HFSC); 2) a Lab Coordination Group (LCG); and
3) various detector systems that naturally map onto the CERN Detector R&D (DRD) initiative

DOE-NSF Higgs Factory
Joint Oversight Group (JOG)

Diversity and Outreach Coordinator l— Committee (HFSC)

Higgs Factory Steering

Lab Coordination Group (LCG)
= = 7 Labs: ANL, BNL, FNAL, JLAB, LBNL, ORNL, and SLAC
DOE and NSF Program Managers (Ex-Officio)

External Partners

= = 1 Includes: CPAD R

ECFA Representative, and Other Major Stakeholders

, CERN R

Gaseous
Detectors

Silicon Tracker

Readout

Calorimeter Electronics

Trigger/DAQ

Simulation Software
and Physics Support

August 13, 2024

May 28,204

SUBJECT. US. Higgs Factory Coordination Consortiuam
Dear Chuair and Depaty Chair of the US. Higgs Factory Steering Commitiee

of the Particle Physics Project Prioritization Panel (P5). developed undes the

‘e Govemmesof e Uniod Suks wad CERN jlady mawmnmml
2004 coacening e paing of e eaach e, draced cesiSc ooy

= Amoag e wpica g
prescie Higgs factory, hﬂhmropmr are subject to appropriate
zpponhm!kl.s and xt CERN inchuding those that are taken following the next update of the

the National Scunce Foundation (NSF) are heseby formng 3 2 mationally coordinated U'S. Higgs
Factory Coordiaation C the USS.
commmaity o engage. s mpcwmbvmnem:aa fopmcet ol gl omm
detector (PED) program for 3 potential futwe Higgs factory. with our
Partaers i the intermationl program

The U'S. HFCC is 1o coardimate efforts in the following areas:
1) Py smd el ity s ichin sy smocsedeis 1 RAD et
experiment desector concepts at 2 funwe Higgs factory.

@ hmnnmmmwmmp lmrmumalkdbrﬂmwﬁmbcdmnﬂedbv
DOE andior NSF,

(4) Dereopment ofthe e roject deecor RAD scope it w llbem]mndmrl'oDOE

andior N mmmmv detector pronec

@ c be needed to
mwepnmmmmneﬁo« nd to collect, stor. mdlnlm!hrhﬂp
Tobmcs of hyic dae st fwe collder pesimant;

(5) In consultation with DOE ad NSF program mamgers, develop various models
hat will be requcred 10 suppert the RAD efforts described m e (3) and (4) above, and

(6) Ensre coltaborations by the U'S. with our pastners are cost-effectively carried out 10
advance the furure Higgs factary initiatives. Such parter efforts inchude, but are not
Ko 1, S v by 1. Cotnbtn Ponl S Mdimcnd
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Abid Patwa, LCWS 2024, Tokyo
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United States
Landscapes and national roadmaps

U.S. Organization for Higgs Factory Coordination and
Development - PED (II)

Office of

@ENERGY 2

= The Consortium is to ensure that collaborative activities by the U.S. with our international partners are
prioritized and cost-effectively carried out for Higgs factory initiatives

= The Lab Coordination Group (LCG) is an integral part of the Consortium and includes a representative
from each of our DOE national labs:

* ANL, BNL, FNAL, JLAB, LBNL, ORNL, and SLAC

* During the P5 process and soon after the Ps roll-out, these labs expressed an interest to participate in
Higgs factory R&D efforts

* Representatives for the LCG are being identified by the management of each lab

= Representatives in the Consortium also include external partners and other major stakeholders

* Such as those from APS/DPF’s Coordinating Panel for Advanced Detectors (CPAD) in the United States
and the CERN-hosted Detector R&D (DRD) initiative

= Various detector systems that report to the Steering Committee
» Nominations now progressing for Level-2 and Level-3 R&D coordinator roles

U.S. Organization for Higgs Factory Coordination and @iiicicy 7o
ENERGY <o
Development - Accelerators

Office of

Higgs Factory Steering Committee - PED @ENERGY

= Goals and tasks of the U.S. HFCC include:
* Coordinate U.S. community efforts, bringing together
both the linear and circular collider communities

* To be done during the phase which precedes the
development of a specific future project

* DOE and NSF selected members of the Steering
Committee from the leadership of the community-driven
FCC-ee P5 input group and the Americas’ Linear Collider
Community:

* Srini Rajagopalan (Chair); Sarah Eno
* Ritchie Patterson (Deputy Chair); Marcel Demarteau

= No lead DOE laboratory is designated for this Consortium

* Each lab collaborating in Higgs factory efforts is
represented through the Lab Coordination Group

Ritchie Patterson (Cornell IJI\N} Marcel Demarteau (ORNL) i

U.S. Higgs Factory Development - PED and Accelerators ~ @ENERGY 2

= DOE plans to issue a charge later this month [July] that forms a nationally coordinated U.S. Higgs Factory
Coordination Consortium (HFCC) for developing the accelerators program
+ In general, similar structure as the U.S. HFCC for PED; includes appropriate partners and accelerator systems
+ Membership in the Higgs Factory Steering Committee for Accelerators (HFSC-A) is being finalized now, and leaders
are to be identified soon.

DOE Office of High Energy Physics

‘ Lab G lination Group for (LCG-A)
- Labs: ANL, BNL, FNAL, ILAB, LENL, ORNL, and SLAC
i i i DOE Program Managers (Ex-Officio)
Diversity and Outreach Coordinator li Higgs Factory Stesring Committea for
Accelerators (HFSC-A) External Partners
Includes: FECASC nc4o7 ECFA and ICFA
‘ reprasentative, and Othar Major Stakshaldars
Diagnostics and Machine Detector Infrastructure &
| Beam Physics Instrumentation ‘ RF System ‘ ‘ Magnet System ‘ ‘ Interface (MDI) Engineering

August 13, 2024

= Efforts to be coordinated under each respective Consortia include:

* Physics and technical feasibility studies, including associated design and R&D efforts, to advance the
accelerator (HFCC-A) and the various experimental detector concepts (HFCC-PED) at a future e*e collider

* Prioritization and stewardship of national R&D efforts under any available funding

* Pre-project R&D prior to DOE (for PED and Accelerators) andfor NSF (for PED) initiating any associated
detector or accelerator projects in the U.S.

+ Conceptualization of appropriate software and computing framework to advance the respective
physics, experiments, and accelerator

= Correspondingly, each U.S. HFCC - PED and Accelerators - will be positioned to inform deliberations of
the future targeted panel envisioned by Ps (i.e., P5 Rec. 6a)

* One that will consider the specific nature of U.S. contributions in a future Higgs factory, and which is to
convene following completion of the next European Strategy for Particle Physics update process

Abid Patwa, LCWS 2024, Tokyo 20



United States
P4  Recommendation 6

Decision without waiting for the next P5

~ g " Not Rank-Ordered
e ] O ankK-oraere
Quant
e Recommendation 4
] Investment in the future
a. Support vigorous R&D toward a cost-effective 10 TeV pCM collider based on proton, muon,
or possible wakefield technologies, including an evaluation of options for US siting of such a
machine, with a goal of being ready to build major test facilities and demonstrator facilities
within the next 10 years (sections 3.2, 5.1, 6.5, and Recommendation 6).
b. Enhance research in theory to propel innovation, maximize scientific impact of investments in

experiments, and expand our understanding of the universe (section 6.1). $15M/yr increase
c. Expand the General Accelerator R&D (GARD) program within HEP, including stewardship
(section 6.4). $10M/yr increase

d. Investin R&D in instrumentation to develop innovative scientific tools (section 6.3). $20M/yr increase
e. Conduct R&D efforts to define and enable new projects in the next decade, including detectors

for an e*e~ Higgs factory and 10 TeV pCM collider, Spec-S5, DUNE FD4, MuZ2e-Il, Advanced

Muon Facility, and line intensity mapping (sections 3.1, 3.2, 4.2, 5.1, 5.2, and 6.3). $8+9M/yr increase
f. Support key cyberinfrastructure components such as shared software tools and a sustained

R&D effort in computing, to fully exploit emerging technologies for projects. Prioritize computing

and novel data analysis techniques for maximizing science across the entire field (section 6.7).
g. Develop plans for improving the Fermilab accelerator complex that are consistent with the long-

term vision of this report, including neutrinos, flavor, and a 10 TeV pCM collider (section 6.6).

We recommend specific budget levels for enhanced support of these efforts and their justifications as

Area Recommendations in section 6. "

Hitoshi Murayama, ICHEP 2024, Prague
August 13, 2024 21



United States

Muon collider for far future at FNAL
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Budget Scenarios Considered by 2023 P5 Panel

United States
Landscapes and national roadmaps

U.S. DEPARTMENT OF Ofﬂce
@ ENERGY scienc

HEP Funding (SB)
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Overtop Scenario: Follows FY 2022
Chips & Science Act Authorization,
then +5.7% inflation through FY 2035.

U.S. Inflation Reduction Act of 2022 (passed just
prior to the start of FY 2023) provided supplemental
funding of +$303.6M for HEP projects.

2023 P5 High Scenario: Follows
FY 2022 Chips & Science Act
Authorization, then +3% inflation
through FY 2035.

_‘_51,8513

May 2014:
P5 Plan

] $1.226
$1.230

&I

+$3.566B

2023 P5 Low Scenario: Begins with
FY 2024 President’s Budget Request,
then +2% inflation through FY 2035.

FY FY FY FY FY FY FY FY FY

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
& HEP Budget Request 4 HEP Appropriation ——House Mark

2023 P5 High 2023 P5 Overtop

2014 P5 Scenario A =2014 P5 Scenario B
Senate Mark 2023 P5 Low
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Abid Patwa, LCWS 2024, Tokyo

August 13, 2024

23



Japan
Landscapes and national roadmaps

Japan’s Strategy for Energy Frontier (since 2017)

» Current HE research concentrates on (HL-)LHC

“... continuing studies of new physics should be pursued
using the LHC and its upgrades.”

» Future HE project in Japan is the ILC

“... construction of the International Linear
Collider with a collision energy of 250 GeV should
start in Japan immediately without delay so as to
guide the .... through the research of the Higgs
particle ....”

Final Report by the Committee on Future Projects in High Energy Physics, September 2017
http://www.jahep.org/files/20170906-en.pdf




Japan

New JAHEP Future Projects Committee

https://www.jahep.org/en/fproject.html

® New recommendations from US P5.
® New European Strategy is launched.

® Progress of the CEPC project in China

® Higgs Factory is the next collider as a consensus of the HEP

community.

New Future Projects Committee was launched in 2024.

® Dr. Y. Okumura is chair of the committee.

The Japanese HEP community is updating its strategy for future

projects.

® An input to European Strategy

Your input is very welcome and important.

The global HEP situation is changing dramatically.

The importance of the Higgs boson is growing.

2024.1~
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Organized & dedicated R&D
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ECFA Detector Roadmap

European Committee for Future Accelerators (ECFA) released in 2021 a full document (200 pages) and synopsis
(~10 pages) based on a community-driven effort
The full document can be referenced as DOI: 10.17181/CERN.XDPL.W2EX

* Overview of future facilities (EIC, ILC, CLIC, FCC-ee/hh, Muon collider) or major upgrades (ALICE, Belle-Il, LHC-
b,...) and their timelines
* Ten “General Strategic Recommendations” (full list in backup slides)
* Nine Technology domains with Task Forces areas
* The most urgent R&D topics in each domain identified as Detector R&D Themes (DRDTs)

TFH#1 TF#2 TF#3 TFH4 TF#5 TF#6 TF#7 TF#8 TFH9
Gaseous Liquid Solid State Photon Quantum & Calorimetry Electronics & On- Integration Training
Detectors Detectors & Emergi! detector

PID Technologies Processing
Anns Colaleo Roxanne Guenette Nicola’ Cartigha Neville Harnew Marcel Demarteau Johann Collot

] ! ] ! ] ! : : ]
Consultation with the particle physics community & other disciplines with technology overlap

FEEEBRARMEAAREE,. RE. ARFRE, HRUMERUTRR:

o WHEMBERENRABR: ERaE+ERDE GIEHRFEAR)

© AT—REBNFIEFR, TRIFFKARAZZNMKELR (T—RERFEAR)
© RH#ETWESEREFRIRFNEEXHKHEE (GEHRRAR)
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Roadmap implementation plan

Approved by CERN SPC and Council in fall 2022 (cern/spc/1190 ; cERN/3679)
CERN will host DRD collaborations

4 Interaction between DRD collaborations and committees through DRDC

4 Interface to ECFA via ECFA Detector panel (EDP): https://ecfa-dp.desy.de

Distinction between reviewing body (DRDC) ECFA [cm Research Board }----I CERN COUNCIL ]
and advisory body (EDP) l .
Community Approves
interaction
DRDC reviews DRD progress, monitor Scientific and Resource Reporting and Review — r—j
) . Rﬂm'mnrgg;?‘d Detector gesearch an[t):IR[l))e(\:t lop it - CERN SPC
milestones & deliverables, and reports to CERN ECFA Detector Panel MRS o s inord A Y
Research Board icudos ecoffclo: APPEC e
Includes ex-officio. B S L7 \
NUuPECC and ICFAIID Panel* {onvﬁﬁt:‘mmﬁ?w :
representatives
EDP (full mandate to be found here) monitors * ICFA Instrumentation, Innovation
and Development Panel
ECFA Detector Roadmap, organizes “DRD Detector RD (DRD) Collaborat

managers forum” and provides input to the [mm} [DRMJ [oaoa] .....
next Strategy update s

DRDC same level as SPSC and LHCC: review proposals and progress
http://committees.web.cern.ch/drdc

28



MR RE DGR - RSP FREELRE . Status

DRD1 DRD2 DRD4 DRD6 DRD3 DRD5 DRD7 DRD8

PID and Solid o
Photon state ntegration

Ex RD51 Ex RD50, RD42
Fully approved for 3 years Fully approved for 3 years Letter of Intent
by CERN Research Board in December 2023 by CERN Research Board in May 2024 submitted

DRD reports & proposals oy template

e CERN has recently provided a template for the Memorandum of Understanding between all institutes of each DRD
e DRD reports at open session of DRDC meeting: collaboration (and CERN)
https://indico.cern.ch/event/1356910/ + To be in agreement with CERN’s General Conditions for the execution of experiments, legal service, KT office
4+ Should be almost identical for all DRD collaborations

. . & - n
* Indico: Category “Experiments / R&D e Main MoU is the only one which is physically/electronically signed by each collaborating institution/Funding

https://indico.cern.ch/category/6805/ Agencies; Contains: Obligations of CERN as host laboratory, industrial involvements, common fund, definitions:
. 4+ Working Groups shall reflect the internal structure of the Collaboration. They are expected to be long-lasting
e Full DRD proposals in CERN CDS

+  Work Packages shall reflect time-limited resource-loaded activities with clearly defined objectives and deliverables

4+ Proposal by DRDS8 to be written by the end of this year e Annexes: everything that can change over time

4+ They contain strategic R&D needs and definition of work + Does not necessarily need a physical signature by funding * Annex I: Collaborating Institutions and their Contact Persons
ackages, milestones & deliverables agencies, but agreement/vote at Resource Board * Annex 2 Funding Agencies and their Representatives

. ¢ (with representatives of funding agencies) ' :;“‘E" i: l?rgm:m 5“‘:““;;;“‘}:* C“’;_]“*b‘:m"f{

4+ Strategic funding to be agreed with fundin . nex 4 Financi cipation of the Funding Agencies
-g et & & & e Status: First draft of MoU template is under discussion * Annex 5: Working Groups
agencies/institutions A . + Anmex 6 Work Packages and deliverables
with management of DRD collaborations . « 7 Background IP

+ Progress tracked b\/ annual DRDC review + Annex 8: CERN General Conditions Applicable to Experiments

e Next step is to prepare and sign DRD MoUs 29
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CERN DRDZEAJIR :
o MWER, AR, . BEERUSBEREARAELERE, 3PN KEEA
*  LLECFA #1 CERN {EAEXEEEE, S DRDVABERHENSIEABRITRE
o @iE2024588, KEBOTEREMHELNLN, BHRHLATFME
- 20352 E BT ERFMNDRDE{EA, 2024FRIERZITDRDAER, 85 BIEZEEMU

https://drd1.web.cern.ch/
https://drd3.web.cern.ch/

https://drd4.web.cern.ch/ SCFA [com meeaensoms}---of cERN cOUNCH |
https://drd5.web.cern.ch/ Ifnf:::::;:'r aporcves

DRD-1 Gaseous detectors Fosinap Dot : toparts

DRD-2 | Liquid detectors s

DRD-3 | Semuconductors i (O i e v B o |

DRD-4 | PID and Photon Detectors A —

DRD-5 | Quantum and emerging technologies and Development Panel

DRD-6 @ Calorimeters ) e e

DRD-7 | Electronics & Data Processing [ o [mz] {m ’}

DRD-8 | Large scale detector systems - infrastructure ) '
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DRD1: Gaseous Detectors
DRD2: Liquid Detectors J,

DRD3: Solid State Detectors

DRD4: Photon Detectors & ParticleID
D R D 5 . Qu a nt um S ensors DROTS.3 Extatin the nocessary rameworks and mechariams t allow

exploration of emerging technologies
DRNTE A DNavalan and nravida aduancad anahlina canahilitiae and infrastnichira

D R D 6 : ca I o ri m et ry DRDT6.2 %i}i%i EEE?EE%:%EE%?? g:gdn;ulti-dimensional readout
DRD7: Electronics
DRDS8: Integration

e Initial TF convenors did not continue as proposal preparation team

e New proponents had to be searched for, which were found by the group around the “Forum on Tracker
Mechanics” workshop organizers

4 Burkhard Schmidt (CERN) and Andreas Mussgiller (DESY)
e Community survey replied that there is an interest in going forward

e Community Meeting on December 6, 2023

DRDT 8.1 Develop novel magnet systems

" . DRDT 8.2 Develop improved technologies and systems for cooling

L LOI recelved by end Of Februa ry 2024 Wlth DRDT 8.3 Adapt novel materials to achieve ultralight, stable and high
the alm tO erte a fU“ proposal by the end ﬁ]rte;crlzsgsﬁechamcal structures. Develop Machine Detector
Of thIS year DRDT8.4 Adapt and advance state-of-the-art systems in monitoring

including environmental, radiation and beam aspects

4 Lol does not cover all DRDTSs, as they are quite diverse

4 Focus on vertex detector mechanics and cooling

31



PR R RE D EL ARG - PRISSHTABRERE . AR5 8

The General Strategic Recommendations (GSR) topics are:

e GSR 1: Supporting R&D facilities (test beams, large-scale generic prototyping and irradiation)
e GSR 2: Engineering support for detector R&D

e GSR 3: Specific software for instrumentation

e GSR 4: International coordination and organisation of R&D activities

e GSR 5: Distributed R&D activities with centralised facilities

e GSR 6: Establish long-term strategic funding programmes

e GSR 7: “Blue-sky” R&D

e GSR 8: Attract, nurture, recognise and sustain the careers of R&D experts

e GSR 9: Industrial partnerships

e GSR 10: Open Science

32



WK I vt e L A
BRI S SRR,

ATEHARIZEZRGRUEAHENEF RS ER LA
2023-07-17
2021 S, LM A AR EER S (ECFAEF THEINEMEREE, stnfikfd
BELRTREETHAE XSS AWT Chttps: /feds. cern. ch/record /2784893 ).

2022 4, ECFA ¥ BB 4 A MR FE4/EH (Fo CERN EPF RED,
AIDAinneva, RDxy, CALICE, LCTPC %), EHFHSHEMHSEHENETFE 448
(DRD - Detector R&ED Collaboration). 2023 #£-£ W 5 53 i 3 Bl & oy DRD &4
HH, 2024 £ B, HELET ORD &H, £5864%F2F Mol

DRD 4 B AEfTH AU NEDAAENRBETRR A8 8 FTHANE ANTFE
He, AEENEFEFEASHAE, TR

« DED1 - 5 4&#FDE (Gaseous Detectors)

e DEDZ - FEEHMFE (Liguid Detectors)

« DEDZ - REE#HFMNE (Solid State Detectors)

« DRD4 - BEFEFFfETFHAE (PID and Photon Detectors)

« DRDS - B FHMAEF (Quantum Detectors)

« DEDE - E@E (Calorimetry)

« DRD7 - HF% (Electronics)

« DRDS EHE L (Integration: WiEM%, A4, HWEEH, DI, LE

M, BHARREN¥ R

<2030 2030- 2035- 2040- .0

2035 2040 2045

DRDTL1 Improve time and spatial resolution for gaseous detectors with

- BRI BZHT TR LR R
[FIDRDA R 5+ 5 S I H 15

37, FATH B ECFA £/ Karl Jakobs Bl FYFF SN EHA
FHENEFEES DD 4, FREXFUEXBIANFEREA, HFEHE
EHTR. A TETEASLEREAHESHE, RNFEFREALEFdR
E5EMMERER, T

- Rfrg#H, A¥A, BREHFD

- HEEE, ATEHERR

- FRERANERH (EREETFHHETR BFHEIANERERT )
- BESHEMNESET4EE

- & 5H DRD A-1E 88 A

- WS AWAAREY

RTTA3 SHEHERELEENRENEL BT (qiuwdihep. ac. cn) .
EXRHARNTRESHES!

BREA: #5371, Joao Guimaraes da Costa, LB, T4 (EaE)
AR (FEHEEAASFE), FEAE (LAL@BASE)

DRD1 - Gaseous Detectors

: WG1 :techpologies MPGDs, RPC, Wires, TPC, DCH
WG2 : applications (Muon systems, Inner &

DRDs in a Nutshell

DRD3 - Solid Stake Delectors ™S

long-term stability
DROT12 Achieve tracking in gaseous detectors with dE/cx and dN/cx capability
nlarge volumes with very low material budget and different read-out

e e
expioration of emerging tectnologies

schemes

DROTL3 Develop envionmentally friendly gaseous detectors for very large
areas with high-rate capability

DROT14  Achieve high sensitivity in both low and high-pr TPCs

DRDT24 Develop readout technology to increase spatial and energy
resolution for liquid detectors

DROT22 Advance noise reduction in liquid detectors to lower signal energy
thresholds

DRDT23 improve the material properties of target and detector components
in liquid detectors

DROT24 Realise liquid detector technologies scalable for integration in
large systems

oRoTIL 10 deal with greaty increased data denty

DRDT3.4 Achieve full integration of sensing and monolithic
CMOS pixel sensors

DRDT32 Develop solid state sensors with 4D-capabilities for tracking and
calorimets

DROTS3 Extend capabilities of solid state sensors to operate at extreme
fluences

DRDT34 Deveiop full 30
in particle physics

DROT41 Enhance the timing resolution and spectral range of photon
detectors

DROT42 Develop photosensars for extreme envionments

DROTA4S Develop RICH and imaging detectors with low mass and high
resolution timing

DRDT44 Develop compact high performance time-of-flight detectors

for solid

PID and
Photon

=
Liquid Detectors
charge readout
light readout

target properties

Central Tracking with PID, Calorimetry, Photo-
detectors, Timing, TPC for rare event searches)
* WG3: gas and material studies
* WG4 : modelling and simulation
* WGS : electronic
« WG6 : production & technology transfer
7 : common test facilities

1: Monolithic CMOS sensors
sensors for tracking and calorimetry (Hybrid,
LGADs)
* WG3: radiation damage and ultrahigh fluence
4: simulation
] :charactemanontechniques, facilities

-

DRDS - Quantum it

Emerging Techologies
clocks, clock networks
kinetic detector
superconductin
optomechanical sansore - o 0"
atoms, molecules, io
6 : meta materials 0.7

September st

knowledge transfer

DRD4 - Photon Detectors & PID *
* WG : photodetector (S}pM, SPADs, PMT/MCP-PMT, Ges) "l Proposal January 2024
* WG2 : particle ID (RICH/DIRC/TOPTORCH/ToF) e HES
+ \WG3 : technologies (radiators, optical elements, readout,

cooling, software) ;
G4 : emerging technologies (novel materials and concepts...)

e 20",
AP\ o
0Pt vers?

a

Community WOrksh;),; |

L 34D and 5D techy

‘ Hnglexpracs:
Septempe, ge:;PrEsslo

nonssilicon based detectors
Interconnect ang device fabrication

28 : dissemination ang Outreach

DRD7 - Electronics

L: data density ang

power effi
intelligence o th iclency

€ detector

ques
Extreme environments

r 2nd ns of f,;fe,(és'f !
Fi MMmunit: [
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T EJTHZ 5 DRD FBAAEN (HaRAM)
I N

DRD1
SisHRNEE

DRD2
MR R
DRD3
BISHRNEE
DRD4
RIFHEB/ %
FERNER
DRD5
EFIRNE

DRD6
e

DRD7
BFE

DRD8
RIFSERE

FRER SRR eERA, PERFREE
WA, WA, BRHXY, WEXYE, #IE
Wite, ERSEEXT, WBEAT, PEFFPEAX
E_**Wﬂﬂmm

FERFRREWERARA (Proposaliliisg)

BFEXF, AT, HERFIREEHERTAR,
KiEETAS

FEREFERKTE,

HFERFEALT, REREFREEHERTAR

PRI B RS RSRAT (°roposal I

FERPREMRRRA, hERPREEER
Wi, LR3EEXT, PERFRAY, FHE
AR

FERFPRREWERARA (Proposaliiindg)

FERFREREWERTA (Proposalititeg)

Hh [ [F] S AR 2

PRS- VARES Y N

B DRD‘Institute‘ CB Rep ‘DRD‘Institute‘ CB Rep
HKU [Yanjun Tu 2 IHEP [Yi Wang

1 IHEP [Huirong Qi IHEP |Jianchun Wang
IMP  |Limin Duan 3 LDU |Zheng Li

5 JLU |Weimin Song USTC |Yanwen Liu
NKU [Chunxu Yu IHEP [Sen Qian

2 1 SDU |Chengguang Zhu * USTC |Jianbei Liu
SIAT |Zheng Liu IHEP |Yong Liu
SJTU |Haijun Yang SIC  |Junfeng Chen

! THU |Zhi Deng 6 SJTU |Haijun Yang

. USTC |Jianbei Liu TDLI |ShuLi
WHU |Zhenyu Zhang USTC |Jianbei Liu

REAEIFI 28 9030 7 B 75 R I 5
P A2 25 AR B 26 2 5 7




BRI R BE I EL ARG - IRIMBH B AN IW&s

proposals received vs. country-region

e North Am.
(1 21 ) Other
= Europe
- (418)
Asia Other regions
- (75) (47)

U e i

40
20
- . n o
’ @
- ¥
o

Spaln SE—
(v‘,f\a L=

0 I II [ _|l||| « A I |||.|...I ' I

SeEsayav - r R B B R N g2 29 2 cf T2 833%323S5522

SRR EsEsga oS e s RSN "SR IR Eng Rt
ip383aesgss §§£g§§§§“§§ 35 85 OFRISEC<5EE3Ei5:

& 3 5% = - s o ¥ = .
¥ == % 3 3
FTE- funding in proposals received vs. DRD collaboration
FTE/y available/additional funding/y available/additional (MCHF)
1200 25
1033
. 1000 204
expected FTE/y & funding/y o
=~ average over 3 first years a0
- . . 15 141
available = current situation o s
additional = expected to fulfil progr. 10 :
break-down of FTE exists R 2 .
. . . ” 5
Physicists/PhD/Technical Staff a0 18 152 170 e Sa s,
100 I 100 100 A I I 15 18 ) 24
. im NN = Um ., A0 n =m ui
DRD1 DRD2 DRD3 DRD4 DRDE TOTAL DRD1 DRD2 DRD3 DRD4 DRD6 TOTAL
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e Result from US Snowmass process: recommendation to create
Detector R&D collaborations in the US

4+ Organized by CPAD (Coordinating Panel for Advanced Detectors) of the
APS/DPF

4+ They created 11 RDCs (R&D Collaborations) and appointed coordinators
(see https://cpad-dpf.org/?page id=1549)

4+ Recently started to reach out to the community and work on detailed
planning at CPAD workshop 7-10 Nov 2023

e DRD collaborations are open for US participation
4+ No concurrency, but synergy

4+ Overlap to DRDs through people/groups involved in both and liaisons

HREVIELERES - PRIUASHT SRR

Noble Element Detectors

Photodetectors

Solid State Tracking

Readout and ASICs

Trigger and DAQ

Gaseous Detectors

Low-Background Detectors

Quantum and Superconducting Sensors

Calorimetry

10

Detector Mechanics

11

Fast Timing

36



Organized & dedicated R&D

European national labs pursue R&D for future and for sustainability

Accelerator R&D Coordination

Labratory Directors Group

CERN Council

t

Laboratory Directors Group

1ifi t

@ CERN SPC

™ Host laboratory
i R b Theme E Coordination Panel and other
stakeholders

'S

Multiple projects within each R&D Theme

Coordination Panels for '

each of the five R&D Themes Project
(each has substructure as Wi k9j GOI’
illustrated for Theme E) orking Group

RF = increase beam energy efficiently and reliably Pl Posit
asma: rositrons

LEGEE

ERL

https://1dg-rfcp.com/

RF Pancl coordination
WG @ Bulk Nb
WG2 @ Thin films

WG3  Couplers

WG6  LLRF, Al ML

WG4 @ NC High gradient

WGs  RF Power sources
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Plasma-based acceleration of positrons: significant progress
e

A titanic task, but with new exciting and promising results

WP 1.4: Positron acceleration (Gianluca Sarri, Severin Diederichs)

NUMERICAL / THEORETICAL WORK

- GPU-capable PIC codes with mesh refinement allow modeling of positron on with collider-relevant
- Several acceleration schemes numerically identified, such as hollow plasma channels' and finite plasma columns?,
- Temperature effects shown to enable emittance pvuservabon of collider-relevant positron beams?.

/J[TLM\w - I‘

| Corwey 1. S\w i Viwrs b) R

EXPERIMENTAL WORK
- To date, only SLAC can perform
meaningful studies of positron acceleration*

e < y . 1Py R Lot 127, o1 G2

- Promising results in the generation of high-quali P . M e 2. 510 )
: ; otz
laser-driven positron beams have been obtained! 4
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Organized & dedicated R&D

Highlight of innovative ideas and R&D reported recently

imaging calorimeters

Si-W ECAL (ALICE FoCAL) |Scint-W ECAL |AHCAL SDHCAL
\ # ‘ T . e g L , e N

0,5x0,5 cm? 0,003%0,003 cm? 0,5%4,5 cm? 3%x3 cm? 1x1 cm?
x15 (—30) Si layers x 24 MIMOSA layers x30 Scint+SiPM lay. x 38 Scint+SiPM lay. x 48 layers GRPC
+W +W =S85 + S5 + SS

From V. Boudry, Calor 2024

Crystal Calorimetry 5D Calorimetry

« Traditionally, crystal — fully absorbing — calorimetry has obtained the best
energy resolution

Radical Concept

( ) ik e Wi g A CdSe quantum dots " |
\ g 1.01 '§’ o
Marco Lucchini o | [0 E] % 5 A S 10
103 i [ ¥ ie
..ma(‘.‘"' ‘5 £ il ‘3 LuAG:Ce fiber
N " g 3 ]
S £ £ / &
JO“' F z J Q (LUAG:Ce,
s o g o0 <Q DSBH1 plastic, and
7 H 0.0 < plas! v o
5| o i e w0 w0 m oS 0D giass o paysiosane) EEEEESE S R
L aso ’e;g Wavelength (nm) >
| e T GYAGG-Co, M, T a L
| s @ . s 2 GAGG:Ce PWO Hoavy TeO,
| @ Prroee : 3 * Energy Measurement: vAG:Co 8co sliwses =,
vasce IS . LiMoO
‘ ® o2 o oo . ] . & — WLS fiber extends over full length of w0, WA 8s0 wo  scintieor Natoo
onpice cona 2 LYSO:Ce
B - module POF,
R T 2.1 2.5 7.5 (nm) - schtmsson
elative

¢ Timing Measurement:

o . . ; — WLS are positioned at strategic A e )
* Huge range of possibilities through quantum engineering of materials locations, such as shower maximum Large parameter space + matching of fiber materials



Organized & dedicated R&D

Highlight of innovative ideas and R&D reported recently

L -
Se n So r Stltc h In g A R=30mm ALICE 753 beam test preliminary gm Taram ALICE 753 bean testprefminary /6
H R=24mm AP Vi w0y 2 g B R=24mm Jamaorz e 6
;1 @ R=18mm = ® R=18mm Vo
£ 8102 .
=3 ~
typical size of few cm? =< £ ’1' '
modules are tiled with chips §6 >5 99% efficient
connected to a flexible printed E 8810
circuit board 2 £0 v
gs 28 99.9% efficient
© ?
= [
aligned exposures of a reticle to § § 107t |
produce larger circuits e & g 99.99% efficient
actively used in industry £
a 300mm wafer can house a - - H 2
chip to equip a full half-layer - EER 100 200 300 400 500 700 300 300 500
requires dedicated chip design Threshold (e) Threshold (e”)

Detecting sub-GeV Particle-like DM

Low threshold technologies to explore the

dark sector:
communication, power distribution,
monitoring
optical and wireless ;
FPGA and Al/ML functions now Uil

straightforward to include

Big challenge: SEU tolerance, power s Pl * Extremely low noise = single
Hﬁ electron/photon counting

* Very promising: Skipper-CCDs

Gigital Chip Bottom [DCB]

consumption A Sy
-> Next-gen ASICs will be developed in 28nm | Clockrecovery lor

advanced communication

technology RD53 protocels

2 more complex systems have increased * Downside: slow readout
need for on-chip data storage

- R&D to speed up, e.g. regional r/o,
filter on e.g. incidence angle, pt, hit energy-dependent r/o, double-sided r/o,

b 2 design by S.Holland, LBNL
ete or freezing

P. Merkel@ICHEP 2024, Prague



= B

Observation & remarks

H ] fr S 7

August 13, 2024

40



Observation & remarks

Europe, Japan have plans for future energy frontier accelerators; US may
come up with a muon collider program; they all aim high and have a dream

Strong & well organized R&D in Europe & US, positioning HEP for future; plenty
opportunities for collaboration; we should be active and creative part of this

Accelerator + detector system designs train top ST team; we ought to be connected
There are competition/collaboration; we should manage the relationship properly

Chinese physicists’ prominent presence at major international conferences limited;
encourage young Chinese scientists to be proactive, creative and leading ...

Real challenges with travel-visa, full fledge participation in projects-planning,
sustainability; find ways to improve, stable funding, ...

Internationally there are very many top ST scientists and technical professionals;
we need to produce more top of world scientists; cultivate young people now.
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Discussion

China’s participation in CERN’s DRD projects

Keep China’s HEP an exemplary field for international cooperation in ST
New initiatives and projects to place China on the map

CERN associate membership —is the door still open?

EPPSU 2024-6 — participation and contribution

Green-sustainability of experiments is trends— what should we do?

Early career and opportunities to grow for young scientists
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Post P5, motivating accelerator R&D

Enabling the machines of the future

“Incorporate innovative concepts like cryogenic cool copper in the
normal conducting RF program”

Area Recommendation 8: Future test facilities could include the
second stage cool copper test for high gradient RF technology

Accelerator technologies play a key role in sustainability
“Accelerator structure improvements can also play an important
role, including higher quality factor, and concepts like cool
copper.”

Area Recommendation 20: HEPAP, potentially in collaboration
with international partners, should conduct a dedicated study
aiming at developing a sustainability strategy for particle physics.

C Cool Copper Collider

+ Planning for operations at high gradient at 550 GeV, 120 MeV/m
- Start at 70 MeV/m for C3-250

N

arXiv:2110.15800

- Beam parameters optimized to record the same ILC luminosity within the same time frame

and match physics goals

9m module
8 structures
Up to 1 GeV acceleration

RF and DC port

Gradient (MeV/m)
g 8 8

a
S

o 500 1000 1500 2000
Time (ns)

3
C Accelerator Complex

8 km footprint for 250/550 GeV CoM = 70/120 MeV/m

« 7 km footprint at 155 MeV/m for 550 GeV CoM

Large portions of accelerator complex compatible between LC technologies
= Beam delivery / IP modified from ILC (1.5 km for 550 GeV CoM)

« Damping rings and injectors to be optimized with CLIC as baseline

C3 - 8 km Footprint for 250/550 GeV

L8 8 es

Tasks 2022 2023 2024 2025 2026 2027 2028

Structure Development
‘Single Structure Beam Dyramics Medeling
Raft Daveiopmsat |

Wibration Stugies - Small Seale

Design Demo Cryogenics

Raft Qeveiopment 2

‘Surueture Developmant Damping
Cryomodule Engineering Devalopment
Demonstratr Beamiing Design
Demonsiration Proposal
Organias Demo Controls Group

RF Campanents (First Haf Crycmodule)
Demonsiratar Facilty Cryogenic Engineering
Assemibie First Half Cryomodule.

msta et Cryemmodte s R and £ Gum Linacs for Injection

P \

High Brightness
Photo-Injector

— Compact
Light
o v - Stage 2 sourtes

IRStall First Full Cryomodule i R

R Companents (Second and Trra Cryomodie]
Assembie Second ang Third Crysmecule
Install Sacona 3nd Thrd Cryomacule whh RE
e
Follow-On Studies:
Applications . PD

C? Demonstrator R&D Staging, Positrons,

Beam Dynamics,
Detectors, DM Search
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Higgs Factories

P5 report
THE TOHOKU REGION OF JAPAN

CLIC 389/1 500/3000 GeV

AOMORI
ey

{ IWATE

AKITA {;

\
S

{ ) 22

YAMAGATA : MIYAGI

/

Y CEPC 240 GeV

s Tohoku
FUKUSHIMA X
JAPAN

: 3 COOL COPPER COLLIDER

Maannendbosesesese |\ |z f 1 FCC-ee
250/500 GeV \ | 902401365 Gev
E;}_ 250/550/... GeV
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DROT 11

DROT12

Gaseous

DROTL3

DROT 1.4
DROT 24

DROT2.2

d
Liqui 23

DROT 2.4

DROT 3.1

Solid .

state DROTSS
DROT 3.4

DROT 41

PID and

Photon oROTA2

DROTAS

DROT 4.4

DROTS.A
DROTS.2

PRI RIS - PRSI LB LR

Improve time and spatial resolution for gaseous detectors with
long-term stabskty

Achseve tracking in gasecus detectors with dE/dx and dN/dx capability
in large volumes with very low matenial budget and differant read-out

schemes

Develop environmentally friendly gaseous detectors for very large
areas with high-rate capability

Achieve high sensitivity in both low and high-pressure TPCs
Develop readout technology to increase spatial and energy
resolution for liquid detectors

Advance noise reduction in liquid detectors to lower signal energy
thresholds

Improve the material properties of target and detector components
In bquid detectors

Realise iquid detector technologies scalable for integration in
large systems

Achieve full integration of sensing and microglectronics in monolithic
CMOS pixel sensors

Develop sokd state sensors with 4D-capabilities for tracking and

calorimetry

Extend capabiiities of solid state sensors 10 operate at extreme
fluences

Develop full 3D-interconnection technologes for sold state devices
in particle physics

Enhance the timing resolution and spectral range of photon

Develop RICH and imaging detectors with low mass and high
resolution timing

Develop compact high performance time-of-flight detectors
Promote the development of advanced quantum sensing technologies
Investigate and adapt state-of-the-art developments in quantum
technologies to particle physics

Establish the necessary frameworks and mechaniama 10 allow
oxploration of emerging
WYSRCO A Drovad gy

) Noed anating G

h

/4

* The most urgent R&D topics in each Task Force
area are identified as Detector R&D Themes.

* The timeframe illustration for requirements in
each DRDT area, in both the brochure and the

main document, are based on the more detailed
information and charts in the individual chapters.

.

DROT 6.1
DROT 6.2

Develop radiation-hard calorimeters with enhanced electromagnetic
energy and timing resolution

Develop high-granular calorimeters with multi-dimensional readout
for optimised use of particle flow methods

Develop calorimeters for extreme radiation, rate and ple-up
envircnments

Advance technologies 10 doal with greatly increased data density
Develop technalogies for ncreased intelligence on the detector
Develop technologies in support of 4D- and 50-techniques
Develop novel technologes to cope with extreme environmants and
required longevity

Evaluate and adapt 10 emerging slectronics and dista processing
technologios

Develop novel magnet systems

Develop improved technologies and systoms for cooling

Adapt novel materials to achieve ultralight, stable and high
precision mechanical structures, Develop Machine Detector
Interfaces

Adapt and advance state-of-the-art systems in monioring
including environmental, radiation and beam aspects

Estoblish and maintan a European coordinated programme 1o training n
ratrurmontation

Develop o master's degree programme in nstrumentation

3
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Committee Members
ECFA Detector Panel (EDP):

e Co-chairs: Phil Allport (Birmingham), Didier Contardo
(Lyon), Felix Sefkow

e Scientific secretary: Doris Eckstein (DESY)

e Gaseous Detectors: Silvia Dalla Torre (Torino)

e Liquid Detectors: Inés Gil Botella (CIEMAT)

e Solid State Detectors: Doris Eckstein, Phil Allport

e PID & Photon Detectors: Roger Forty (CERN)

e Quantum and emerging Technologies: Steven Hoekstra
(Groningen)

e Calorimetry: Laurent Serin (1/CLab)

e Electronics: Valerio Re (Bergamo)

e Ex Officio: ECFA Chair (Paris Sphicas), ICFA Detector
Panel (lan Shipsey), DRDC chair (Thomas Bergauer),
APPEC & NUPECC observers

DRD EDP panel, Strategy; Summary

Detector R&D Committee (DRDC):

Thomas Bergauer (HEPHY Vienna), Chairperson
Jan Troska (CERN), scientific secretary
Stan Bentvelsen (NIKHEF; LDG contact)
Shikma Bressler (Weizmann)

Dimitry Budker (Mainz)

Roger Forty (CERN; RB contact)
Claudia Gemme (INFN and U. Genoa)
Inés Gil Botella (CIEMAT)

Petra Merkel (Fermilab; US contact)
Mark Pesaresi (Imperial College)
Laurent Serin (1JCLab)

Ex-officio: P. Allport, D. Contardo (EDP)

Names in bold in both committees

Summary

Strategic R&D

Strategic R&D bridges the gap between the idea (“blue sky
research”, TRL 1-3) and the deployment and use in a HEP

experiment (TRL 8-9)

“blue sky” R&D
game changers
w techno

new paradigms

Detector R&D Collaboration should address TRLs from 3 to 7,
before experiment-specific engineering takes over

Covers the development and maturing of technologies, e.g.
+ Iterating different options

+ Improving radiation hardness

4+ Scaling up detector area, number of layers,..

Backed up by strategic funding, agreed with funding agencies

TDR

experiment Lol experiment funding approval  EDR

TRL3

mature conce final devices and systems

specific to experiment concepts

physics

Technology Readiness Levels (TRLs) 1-9:

Method for estimating the maturity of technologies

System Test, Deployment,
and Operations

Experiments

System Development

Technology Demonstration

Strategic

Technology Development

Research to Prove
Feasibility

Blue Sky

Fundamental Science/
Basic Research

i |

Didier Contardo

e New CERN-hosted Detector R&D (DRD) collaborations are currently being set up following ECFA
Detector roadmap to pave the way for the next decades and address the future instrumentation

needs.

4+ First DRD collaborations already starting up, and the others following soon.

e Next steps of the collaborations: completing organization structure, electing and endorsing

convenors, re-defining deliverables, MoU writing, getting financial commitments from funding
agencies, and start working together

e DRDC will review the progress of DRDs
4+ DRDC 13-14 Nov 2024: DRD1, 2, 4 & 6 status reports after one year

4+ DRDC 24-25 Feb 2025: DRD3, 5 & 7 status reports
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