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A : . . : e :
longerterm, the EUro} - Ay alectron- posntron Higgs factory is the highest-priority next collider. IS'CS experiments (eliesion Innovaive
proton-proton collide infrastructures. To prepare and realise future
goals will require innovation and cutting-edge technology experimental research programmes, the community must maintain a strong focus
on instrumentation. Detector R&D programmes and associated infrastructures

* the particle physics community should ramp up its R&D effort focused should be supported at CERN, national institutes, laboratories and universities.
on advanced accelerator technologies, in particular that for high-field Synergies between the needs of different scientific fields and industry should
superconducting magnets, ineluding high-temperatire S{ coherence in these R&D activities. The community should define a global ;sl and

't large.

- Europe, together with its international partners, should | detector R&D roadmap that should be used to support proposals at the European rovide
and financial feasibility of a future hadron collider at CEF a nd n atlo n a I Ieve Is. P

energy of at least 100 TeV and with an electron-positron I... M
factory as a possible first stage. Such a feasibility study of the colliders and detector R&D roadmap that should be used to support proposals at the European

related infrastructure should be established as a global endeavour and be and national levels.
completed on the timescale of the next Strategy update.

’
sy

N

The timely realisation of the electron-positron International Linear Collider (ILC)
in Japan would be compatible with this strategy and, in that case, the European
particle physics community would wish to collaborate.

B alala 21 alf= a aYalalaTallaTa ndernin al~Mala 1 ab~TalalWa hinh-enern

and | The European partlcle physics community must intensify accelerator R&D and
fieldy sustain it with adequate resources. A roadmap should prioritise the technology,
Mady taking into account synergies with international partners and other communities

high . . .
T' | such as photon and neutron sources, fusion energy and industry. Deliverables for

sustl this decade should be defined in a timely fashion and coordinated among CERN
takiry and national laboratories and institutes.

such as pnoiton ana JIige DU 2S, Tusion energy ard o[} V. Deliverdplie 0

this decade should be defined in a timely fashion and coordinated among CERN
and national laboratories and institutes. M.C Fouz. Development towards a Higgs/top/EW factory
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v Snowmass — Energy Frontier report (20/11/2022)
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The Future of US Particle Physics 1-1 Executive Summary 7
The Energy Frontier Report The EF supports a fast start for construction of an ete~ Higgs factory (linear or circular),
. and a significant R&D program for multi-TeV colliders (hadron and muon). The realization
a $€\)) 2ttl)121FIlJItS Conr;ril)unti_tyl S%’u}?y‘ of a Higgs factory will require an immediate, vigorous and targeted detector R&D program,
Z'S | ELECLHLATC b LATNIEE TAYRIGe while the study towards multi-TeV colliders will need significant and long-term investments
o the KPS _Qrgantizlgd E_y : 3§ Fieid in a broad spectrum of R&D programs for accelerators and detectors. These projects have the
- € tvision of Tarticies and Hields potential to be transformative as they will push the boundaries of our knowledge by testing the limits of the

https://arxiv.org/pdf/2211.11084.pdf SM, and indirectly or directly discovering new physics beyond the SM.

The US EF community has also expressed renewed interest and ambition to bring back
energy-frontier collider physics to the US soil while maintaining its international collaborative

\partnerships and obligations. /
1.7 The Energy Frontier vision

The Energy Frontier also supports the possibility of a Higgs factory in the US. Given global

uncertainties, consideration should also be given to the timely realization of a possible domestic

Higgs factory, in case none of the currently proposed global options are realized. The US community has expressed a renewed ambition to bring back EF collider physics to the US soil,
while maintaining its international collaborative partnerships and obligations, for example with CERN. The

international community also realizes that a vibrant and concurrent program in the US in EF collider physics
is beneficial for the whole field, as it was when Tevatron was operated simultaneously as LEP.

The US EF community proposes to develop plans to site an ete™ collider in the US. A muon
collider remains a highly appealing option for the US, and is complementary to a Higgs Factory.
For example, some options which are considered as attractive opportunities for building a
domestic EF collider program are:

e A US-sited linear e*e~ (ILC/CCC) Collider

e Hosting a 10 TeV range muon collider

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towa e Exploring other eTe™ collider options to fully utilize the Fermilab site
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fi LDG: European “Lab Directors Group” (10 labs)

o CERN, CIEMAT, DESY, IRFU, IJCLAB, NIKHEF, LNF, LNGS, PSI, STFC-RAL
o lab-to-lab communications with a view to address together the ESPP

o current chairperson: Dave Newbold (STFC-RAL)

Accelerator R&D Roadmap

The Lab Directors group (LDT) has been mandated to develop this roadmap

The ESPPU identified five key areas where an intensification of R&D is

required to meet scientific goals:

Roadmap panel structure

CERN Council ﬁ

Laboratory Directors Group <==) CERN SPC

t

Expert Panels

High-Field Plasma / Laser

A RF Structures
Magnets Acceleration

Energy recovery
Linacs

| |

Accelerator Particle physics
R&D Community Community
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https://arxiv.org/abs/2201.07895

Related fields
and
facilities

Approved by
CERN Council — Dec 2021

M.C Fouz. Development towards a Higgs/top/EW factory
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O efp Accelerator R&D Roadmap

fi LDG: European “Lab Directors Group” (10 labs)
o CERN, CIEMAT, DESY, IRFU, IJCLAB, NIKHEF, LNF, LNGS, PSI, STFC-RAL
o lab-to-lab communications with a view to address together the ESPP
o current chairperson: Dave Newbold (STFC-RAL)

The ESPPU identified five key areas where an intensification of R&D is Roadmap Implementation

required to meet scientific goals:

The Lab Directors group (LDT) has been mandated to develop this roadmap

https://arxiv.org/abs/2201.07895
Roadmap panel structure CERN Council
CERN Council t
1 Laboratory Directors Group <) CERN SPC
Laboratory Directors Group <==) CERN SPC f 1 f ' t
1 Host laboratory
hane ey [ Theme E Coordination Panel and other
stakeholders
Expert Panels t t '
High-Field PI /L Coordination Panels for
igh-Fie asma / Laser h of the five R&D Th ;
Magnets Acceleration RF Structures Related fields e?:ac% hai s:sstructur:r:se j P“_)Jed of
. a'l"f illustrated for Theme E) Working Group
acilities
Muon Beams Energ)! recovery Multiple projects within each R&D Theme
Linacs
Goal: To have the structure in operation by December 2022
t t Approved by
CERN Council — Dec 2021
Accelerator Particle physics
R&D Community Community
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CIEMAT

RECFA

regular reports & final document

J—

Plenary ECFA

final document for community endorsement

]—v Publication

2

\ 4

Detector R&D Roadmap Panel

assist ECFA to develop & organise the process and to deliver the document

Coordinators: Phil Allport (chair), Silvia Dalla Torre, Manfred Krammer, Felix Sefkow, lan Shipsey
assist ECFA to identify technologies & conveners
Ex-officio: ECFA chairs (previous and present), LDG representative

Advisory Panel with
other disciplines
e.g. APPEC, NuPECC,

LEAPS, LENS, Space, ...

Process involved: 67 authors; 12 expert Input Session speakers;
ECFA National Contacts; respondents to the Task Force surveys;
121 Symposia presenters; 1359 Symposia attendees

and 44 APOD TF topic specific contacts.

Scientific Secretary: Susanne Kuehn
@ TF#1 TF#2 TF#3 TF#4 TF#5 TF#6 TF#7 TF#8 TF#9
Gaseous Liquid Solid State Photon Quantum & Calorimetry Electronics & On- Integration Training
Detectors Detectors Detectors Detectors & Emerging detector
PID Technologies Processing
Anna Colaleo Roxanne Guenette Nicolo’ Cartigha Neville Harnew Marcel Demarteau Roberto Ferrari Dave Newbold Frank Hartmann Johann Collot
¢ Leszek Ropelewski Jocelyn Monroe Glulio Pellegrini Peter Krizan Michael Doser Roman Poeschl Francois Vasey Werner Riegler Erika Garutti
A r " A A A A A A
p— ! ! I ! ! ! ! !
Consultation with the particle physics community & other disciplines with technology overlap ] General Strategic Recommendations

http://cds.cern.ch/record/2784893

Approved by
CERN Council — Dec 2021
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(1Bl Supporting R&D facilities

(L} H Engineering support for detector R&D

(L cHI Specific software for instrumentation

(L ¥"H International coordination and organisation of R&D activities
(LM Distributed R&D activities with centralised facilities

(N {"H Establish long-term strategic funding programmes

N WA “Blue-sky” R&D

(R & H Attract, nurture, recognise and sustain the careers of R&D experts
(CR;8°Hll Industrial partnerships

GSR 10: geJel:laINIe =] ole=]

M.C Fouz. Development towards a Higgs/top/EW factory
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Details at this document. Approved on September 2022
https://indico.cern.ch/event/1197445/contributions/5034860/attachments/2517863/4329123/spc-e-1190-c-e-3679-Implementation Detector Roadmap.pdf
CERN/SPC/1190

..... the highly relevant detector R&D issues identified in the Roadmap need to be addressed. However, the successful
completion of the high-luminosity upgrades of the LHC (machine and detectors) must remain a key focus. Large-scale
involvement of many of the institutes involved in the Phase 2 upgrades of ATLAS and CMS may therefore only become
possible once the present construction work has been completed. However, the urgent needs of other experiments call for
the timely realisation of the structure described, which also offers longer-term prospects for those engaged in
instrumentation work, enhancing the attractiveness of this vital area. We therefore aim to establish the DRD collaborations,
which should start work in January 2024, with a ramp-up of resources through 2024/2025, reaching a steady state by 2026.

» Itis proposed that the long-term R&D efforts be organised into newly established Detector R&D (DRD) collaborations
(equivalent to the RD collaborations stablished in the 90’s for LHC detector technologies)

» That collaborations will be established to address each of the six detector technology areas identified in the Roadmap

» For electronics and integration, one or two further DRD collaborations should be anticipated;

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory
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Proposed organisational structure for implementation of the Roadmap

All DRD collaborations should be anchored at CERN, be (the arrows indicate the reporting lines
recognised by CERN and obtain a CERN DRD label.

ECFA [CERN Research Board }-——* CERN COUNCIL
-»
. . . . Recommends
It would be very welcome if other institutes in Europe, 'cinm_x:mw Approves
such as major (national) laboratories or universities, R e e
. . . Roadmap Oversight and Detector Research and Development CERN SPC
were to take the lead in certain collaborations and help Rt Committee (DRDC)
etector Panel Includes members from: ECFA Detector Panel,
provide the necessary administrative support. e J— it S .
IPECE and ICFAID Pane? i s il
represeatives /0000 eeesseesssenesessess s =
* |CFA Instrumentation, Innovation 1
and Development Panel
Detector RD (DRD) Collaborations
[DRm] {sz] [mm}
. MEMBERS
ECFA Detector Panel (EDP) reactivated Co-chairs: Phil Allport (Birmingham), Didier Contardo (P21 Lyon)

Approved on last ECFA meeting (17t Nov 2022) Scientific Secretary: Doris Eckstein (DESY) — Solid State Detectors
Silvia Dalla Torre (INFN Trieste) — Gaseous Detectors

» provides direct input on DRD proposals, through the appointment of members to the DRDC Inés Gil Botella (CIEMAT) - Liquid detectors
» assists in the conduct of annual DRDC reviews of the scientific progress of DRD Roger Forty (CERN) — PID & Photon Detectors
collaborations; monitors the overall implementation of the ECFA detector roadmap and the T-B.C - Quantum and Emerging Technologies
" Laurent Serin (Orsay LAL) — Calorimetry
specific DRDTs; Arno Straessner (Dresden) (leaving 2023), — Electronics

Valerio Re (Bergamo) — Electronics
Ex-officioL:  Karl Jakobs (Freiburg)- ECFA Chair;
lan Shipsey (Oxford) — IFCA IIDP Chair
XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory | Observers: APPEC and NuPECC
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%c&a Detector R&D Roadmap Implementation - Timeline

CIEMAT

-
P Task Forces or,
- ganise ¢ :
\(I\V/\llihlng to participate in the corresponding ne;nl;:; nity meetings to establish the Scope and sca next s1eps sl :
ere the broad R&D topic are activity. ed out
a has one or more p e d to be worke
need to be fully involved from re DROTs already covered b osition nee
the very beginni ¥ existing CERN RDs or other int ate and comp
programmes.) ning and may be best placed to help bring the community tog”e:‘r:zra:l:)onu DRDC Mand o
Q12023 p , ent , ith the respe
RDC mandate formally defined and agreed with CERN management; Core DRDC membershi > CERN managem | process has to be discussed Wi
mandate plus membership updated to reflect additional roles. l R ntry / \aboratory the DRD proposa P
Q1-Q2  Develo In each cou
p the new DRD propo : k ies: 3 ctures
2023 including liahtwer P pl s§ls based of the detector roadmap and community interest in p funding agencies: and to set Up the right stru
uding light-weight organisational structures and resource-loaded work plan for R&D programme n help to launch this process )
and ramp up to a steady state in 2026 delegates ca untry to coun hould pla
: RECFA . ifferent from €O detectors shO
. . it will be difie ] tacts for 4
Q32023 Review of proposals by DRDC leading to recommendations for formal establishment of the DRD collab (most likely, |e the ECFA Roadmap Natlo?a:\‘ig:‘e up over the forthcoming years
role i s that w
Q4 2023 DRD Collaborations receive formal approval from CERN Research Board. stion came up what ctor ra&D-related issue (onosal Wrting proceSS)
Also the question S55 0 oy for any deteCiort . nation of the DRD PTEP
Q12024 New structures operational for ongoing review of DRDs and R&D programmes underway. > We will k‘ietp :r:?r:ccompany and help in nationa )
(e.g- short term. - start up its wor
SRs need
i i me of the G
Through 2024, collection of MoU signatures ) address SO .
¢ ' working grouP t: this week's RECFA meeting

' 3 :ECFA--LDG . on i
ECFA S S IR s PPN Picrary ECFA meeting, CERN, 177 November 2022 _@z\ﬁp 2n::1|§er iscussion, more informatio

(o
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https://indico.cern.ch/event/957057/page/27294-implementation-of-the-ecfa-detector-rd-roadmap

Topic specific community meetings will be held in the coming months.
To sign up for these and to register your interest in participating on the corresponding R&D Collaborations

*TF1 Gaseous Detectors https://indico.cern.ch/event/1214405/

*TF2 Liquid Detectors https://indico.cern.ch/event/1214404/

*TF3 Solid State Detectors https://indico.cern.ch/event/1214410/

*TF4 Photon Detectors and PID https://indico.cern.ch/event/1214407/

*TF5 Quantum and Emerging Technologies https://indico.cern.ch/event/1214411/
*TF6 Calorimetry https://indico.cern.ch/event/1213733/

*TF7 Electronics and On-detector Processing https://indico.cern.ch/event/1214423/
*TF8 Integration https://indico.cern.ch/event/1214428/

*TF9 Training https://indico.cern.ch/event/1214429/

: o
not restr\c’ted ¢

pal o™y o,

One Spanish coordinator: Giulio Pellegrini on Solid State Detectors (/M VW&

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory
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ECFA Studies towards a Higgs/EW/Top factory

ECFA recognizes the need for the experimental and theoretical communities involved in physics studies,
experiment designs and detector technologies at future Higgs factories to gather. ECFA supports a series of
workshops with the aim to share challenges and expertise, to explore synergies in their efforts and to
respond coherently to this priority in the European Strategy for Particle Physics (ESPP).

To bring the entire e+e- Higgs factory effort together,

foster cooperation across various projects,
collaborative research programs are to emerge

ECFA
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An International Advisory Committee (IAC)

has been formed.

cfp ECFA Studies towards a Higgs/EW/Top factory

ECFA-chair would act as chair: Karl Jakobs

o From RECFA: Jean-Claude Brient, Tadeusz Lesiak, Chiara Meroni

o With (HL-)LHC experience: Jorgen D’Hondt, Max Klein, Aleandro Nisati, Roberto Tenchini
o For theory: Christophe Grojean, Andrea Wulzer

o For Linear Colliders: Steinar Stapnes, Juan Fuster®, Frank Simon, Aidan Robson

o For Circular Colliders: Alain Blondel, Mogens Dam, Patrick Janot, Guy Wilkinson

o For CERN: Joachim Mnich

It suggested to establish three Working Groups
led by conveners from both experiment and theory

Physics Potential

Juan Alcaraz — CIEMAT*

Jenny List - DESY

Fabio Maltoni - UC Louvain
/Bologna

Jorge de Blas - U. Granada*

| e
i ot® N
(o\oe‘r’ “\\)“
: : e /o)
Physics Analysis N
Detector R&D o
Methods 5

Patrizia Azzi -INFN-Padova Mary Cruz Fouz — CIEMAT*
/CERN Giovanni Marchiori — APC Paris

Fulvio Piccinini - INFN Pavia

Dirk Zerwas - 1JCLab/DMLab Felix Sefkow - DESY

A Yellow Report will be produced as

input to next European Strategy Update EC FA

XIV CPAN DAYS - Noviembre 2022, Bilbao

M.CFouz. Eyropean Committee for
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https://indico.cern.ch/event/1044297/page/23971-wgl-group-activities

Juan Alcaraz — CIEMAT Jenny List — DESY,

Fabio Maltoni - UC Louvain/Bologna, Jorge de Blas - U. Granada https://indico.cern.ch/category/14055/

https://twiki.cern.ch/twiki/bin/view/ECFA/ECFAHiggsFactoryWG1

» Set up a forum on physics potential on future Higgs and top/EW factories
» |dentify areas or topics where concrete work should be organized
» Propose new ideas

5 different fronts of activity identify (activities are interconnected)
For each activity leaders have been selected, to help the WG1 conveners

» WG1-PREC (Precision in theory & experiment):

EFT & UV global interpretation Ayres Freitas (Pittsburgh), Paolo Azzurri (Pisa), Adrian Irles (Valencia), Andreas Meyer (DESY)
# t t » WG1-GLOB (Global interpretations in (SM)EFT and UV complete models):
Sven Heinemeyer (IFCA/IFT), Alexander Grohsjean (DESY), Junping Tian (Tokyo),
Higgs, Marcel Vos (Valencia), Jorge de Blas (Granada)
F}Ezfl/vy E| Totp, (S;—:_laR » WG1-HTE (TOP-HIGGS-EW and connection with LHC):
e S oS Chris Hays (Oxford), Karsten Koeneke (Freiburg), Fabio Maltoni (Louvain)
= ek
» WG1-FLAV (Heavy Flavours):
t t t David Marzocca (Trieste), Stephane Monteil (Clermont Ferrand), Pablo Goldenzweig (KIT)
theo, para, exp PRECision » WG1-SRCH (Feebly interacting particles, direct low mass searches):

Roberto Franceschini (Rome lll), Rebeca Gonzalez (Uppsala), Filip Zarnecki (Warsaw)

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory
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WG1-PREC https://indico.cern.ch/category/14871/ WG1-HTE https://indico.cern.ch/category/14872/
December 2022 September 2022
*16 Dec MiniWorkshop : Luminosity *23 Sept ECFA HTE meeting on Z pole physics
November 2022 April 2022
*02 Nov MiniWorkshop : Collision Energy *20 Apr - 22 Apr ECFA WHF WG1: 1st Workshop of the Higgs/Top/EW
July 2022. . . o Mailing list: https://e-groups.cern.ch/e-
*14 Jul MiniWorkshop: parametric uncertainties: a em groups/EgroupsSubscription.do?egroupName=ecfa-whf-wgl-hte
March 2022

*10 Mar MiniWorkshop: parametric uncertainties: o s
*08 Mar MiniWorkshop: high-precision measurements

WG1-FLAV https://indico.cern.ch/category/14873/

June 2022

Mailing list: https://e-groups.cern.ch/e- 29 Jun ECFA WG1-FLAV: 1st Meeting
groups/EgroupsSubscription.do?egroupName=ecfa-whf-wgl-prec

Mailing list: https://e-groups.cern.ch/e-
groups/EgroupsSubscription.do?egroupName=ecfa-whf-wgl-flav

WG1-GLOB https://indico.cern.ch/category/14874/

September 2022 WG1-SRCH https://indico.cern.ch/category/1486/
23 Sept WG1-GLOB Meeting: Analyses of concrete models May 2022
July 2022 25 May ECFA HF WG1: 1st Workshop of the WG1-SRCH group
*01 Jul WG1-GLOB Meeting: Global interpretations in (SM)EFT February 2022
and UV complete models *25 Feb WG1-SRCH- Brainstorming session
Mailing list:  https://e-groups.cern.ch/e- Mailing list: https://e-groups.cern.ch/e-

groups/EgroupsSubscription.do?egroupName=ecfa-whf-wg1-glob groups/EgroupsSubscription.do?egroupName=ecfa-whf-wgl-srch
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https://indico.cern.ch/category/13912/

November 2022
*25 Nov ECFA Higgs Factory seminars: Flavor Physics at Future e+e- colliders

June 2022
*10 Jun ECFA Higgs Factory seminars: Precision physics in the e+e- -> WW region
*07 Jun - 17 Jun Precision calculations for future e+e— colliders: targets and tools (FC CERN Unit Workshop)

May 2022
*06 May ECFA Higgs Factory seminars: Higgs self-coupling

April 2022
*08 Apr ECFA Higgs Factory seminars: Physics with light quarks

March 2022
*04 Mar ECFA Higgs Factory seminars: Implications of (g-2) mu for e+e- Higgs factories: an overview

Semina

/
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Patrizia Azzi -INFN-Padova/CERN, Fulvio Piccinini - INFN Pavia, Dirk Zerwas - IJCLab/DMLab

Forum to efficiently share technical knowledge, not only concerning lepton colliders,

but also coming from the LHC experience and B-factories

There is not WG2 internal organization, but thinking on identify
Rem:i e T ; people responsible to lead the work on specific topics

’vasn;f Carlo generators for e+e- precision
» Flavour, Higgs, and top physi
GENERATORS * Luminosity meaSurementsp physics,
Software framework

Fast simulation and the limitations of such
techniques

Full Simulation

Track and vertex reconstruction algorithms
Jet algorithms / jet reconstruction
Particle-flow reconstruction and global event
description

Requirements on particle identification
Flavour tagging algorithms

Importance of timing information
Constrained fit

RECONSTRUCTION

ALGORITHMS & TOOLS

SOFTWARE ECOSYSTEM

From Patrizia Azzi’s talk @ ECFA Workshop Oct 2022

Optimize solutions for common issues and attack new (specific) needs providing

the solutions within a software ecosystem that will allow a general usage
XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory
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N4 ECFA H/EW/t studies: WG2 - Physics Analysis Methodes

Patrizia Azzi -INFN-Padova/CERN, Fulvio Piccinini - INFN Pavia, Dirk Zerwas - IJCLab/DMLab
Forum to efficiently share technical knowledge, not only concerning lepton colliders,
but also coming from the LHC experience and B-factories

There is not WG2 internal organization, but thinking on identify
people responsible to lead the work on specific topics

///
— Key4hep
em - to
o IEVlonte Carlo generators for e+e- precision Sof‘\'_ware Eco SYSt | way various software compcz:ents
i ing i tima rimen
GENERATORS o LW f Iavgur, Higes, and top physics, o ecosystem integrating mfo‘r) data processing Of HEP expe
Su:lnosny measurements Create a SOft\garto e full-fledged solution 10
oftware framework ide a ready-tv”
. provi odel: EDM4hep
Fast simulation and the limitations of such ILC, CLIC, cepC and Evem et 2
: federates FCC, IL%,
techniques i KNSRy
e Full Simulation okvas e:r ::adium term migratk;r\(EjéaRf;\l ep et Analysis
RECONSTRU ® Track and vertex reconstruction algorithms Ehe useorted by R&D efforts (AIDA, cenerator | Simulation struction B}
CTION e Jet algorithms / jet reconstruction ) Se‘:sg’ uived and s or.prom 1
e Particle-flow reconstruction and global event . KE;MHEP coordinators c:i“:n of all WG2 —~ 3 1 | |
description .nvolved in the organisa o stector Geometry: pDahep
ALGORITHMS & TOOLS e Requirements on particle identification meetings
e Flavour tagging algorithms Frank GaEde.
Fontn o i Ganis
e Importance of timing information Gerar\d? 2
SOFTWARE ECOSYSTEM e Constrained fit ’

From Patrizia Azzi’s talk @ ECFA Workshop Oct 2022

Optimize solutions for common issues and attack new (specific) needs providing
XIV CPAN DAYS - Noviembre 2022, Bilbao

the solutions within a software ecosystem that will allow a general usage
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https://indico.cern.ch/category/13912/

February 2022
*01 Feb - 02 Feb ECFA Higgs Factories: 1st Topica Meeting on Simulation

January 2022
*12 Jan Focus Meeting: Beamstrahlung

November 2021
*09 Nov - 10 Nov ECFA Higgs Factories: 1st Topical Meeting on Generators

May 2022
*04 May - 05 May ECFA Higgs Factories: 1st Topical Meeting on Reconstruction

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory


https://indico.cern.ch/event/1097819/
https://indico.cern.ch/event/1100734/
https://indico.cern.ch/event/1078675/
https://indico.cern.ch/event/1124095/
https://indico.cern.ch/category/13912/

Ciemat

%Y ECFA H/EW/t studies: WG3 — Detector R&D

fisica de particulas

Mary Cruz Fouz — CIEMAT, Giovanni Marchiori — APC Paris, Felix Sefkow - DESY

This working group has been created recently (end spring 2022), more than one year after the previous (WG1, WG2)
waiting for the end of the R&D detector roadmap process

Main goals of WG3

To demonstrate, as input to the next EPPSU, that detectors matching the precision physics potential of future Higgs factories
can be built. The level of the demonstrations should be comparable between the different Higgs factory proposed

To provide guidance for coherent detector R&D efforts to address the priority requirements of Higgs factory experiments

» Foster the interaction between the detector R&D groups and future collider physics and detector studies with the aim of
minimising duplication
* Sharing experience
* Encouraging cross participation in detector R&D and physics/detector studies
* Promoting low-level simulation of the different technologies integrated in the common software framework (key4hep,
dd4hep, edm4dhep)
* exploring synergies and complementarity between the benchmark physics processes guiding the detector optimization;
* Collecting detector requirements on the colliders and relating them to the R&D studies of the technological options
* integrating the input from physics and detector studies in the planning of test-beam

= R&D effort on a certain technology can be beneficial to several detector concepts based on the same technology
= Different technological solutions might provide similarly well-suited options for subdetector X of detector concept Y

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory
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Existing activities can be broadly classified in two categories:
detector concept studies
(within the different Higgs factory collaborations)
and detector R&D efforts

(using groups from ECFA R&D Roadmap) A series of workshops are planned for 2023 aiming efficient
exchange between concepts and R&D and delivering input to R&D
2 contact persons |dent|fy for each Community reV|eWS on hOW Eff|C|ent|y grOUpS address HIggS factory nGEdS

https://indico.cern.ch/category/14055/

ILD Karsten Buesser, Ulrich Einhaus
SID Marcekl Stanitzki, Adrew White

CLICdet + CLD Dominic Danheim, Frank Simon . . u« . . ” )
ey Margherita Primavera, Romualdo Santoro Topics not fully decided but the “suspicious” are:

Lar Nicolas Morange, Brieuc Francois O TraCking and Vertexing for Higgs factories
CEPC Haijun Yang, Jianchun Wang o Calorimetry and Particle ID for Higgs factories

o Electronics and integration _ .
o Alignment and Calibration \Q\

|

TF1 - Gas Ricado Farinelli, Maxim TiTov
TF3 - Si Daniela Bortoletto, Didier Contardo
TF4 — PD/PID Neville Harnew, Peter Krizan
TF6 — Calorimeter Gabriella Gaudio, Vincent Boudry
TF7 - Electronics Dave Newbold, Federico Faccio
TF8 — Mechanics Frank Hartmann, Werner riegler S —

’_COMING SOON.' https://twiki.cern.ch/twiki/bin/view/ECFA/ECFAHiggsFactoryWG3

----r}

b
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— eve- Colladers

circular

"o

\ international linear collider

Futwre Facilitles Time Line

SPS fixed target
Other fixed target; FAIR (hep) ALICE3 FCC-hh
Belle Il LHCb (= LS4) FCC-eh
ALICE LS3 EIC FCC-ee Muon Collider
PIP-1I/DUNE/Hyper-K LHeC ILC CLIC Plasma Collider
<2030 2030-2035 2035-2040 2040-2045 > 2045
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FUTURE

CIRCULAR
COLLIDER

Timeline of the FCC integrated programme

FcCee, || 10 years

O B Ol O

~ 15 years operation

Feasiiity Study | ESPP |

FCC-ee dismantiing, CE
& infrastructure

Tunnel, site and technical
adaptations FCC-hh.

infrastructure construction

Geological investigations, infrastructure
detailed design and tendering preparation

FCC-ee accelerator and detector R&D and technical FCC-ee accelerator and detector
design construction, installation, commissioning

High-field magnet
industrialization and
series production

Long model magnets,

Superconducting magnets R&D prototypes, pre-series

FCC-hh accelerator
and detector R&D
and technical design

O Feasibility Study: 2021-2025

FCC-hh accelerator and detect
construction, installation, commissi

>2030

2028 approval

2026/7
gSPPU

2025/26

Q If project approved before end of
decade - construction can start
beginning 2030s

O FCC-ee operation ~2045-2060

O FCC-hh operation 2070-2090++

F. Gianotti
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today

|
~ 25 years operation

52038
machine

start tunne installation

construction

- easibility proof

> 2045 TIrst
ee collisions

52030 4 37
element pro

52026 - 30 full
technical design
2025/26

Financing model
Operation concept

ductior

2020-25
FCC feasibility Study
FCCIS H2020 DS




remat

C
PRVl

CIEMAT
fisid r

W4

’ impl i .
Status reports & —pementation scenario

S*Ud‘V planning ,

FCC FeasibilityStudy Roadmap
Michael Benedikt
ECC Week 2021, 28 June 2021

XIV CPAN DA |

design & Qdaptations for

[ . . . .
high-risk areas site Investigations, environmental

@

b

FCC Feasibility Study Timeline

) Workshop & Review - [ . |

Workshop & Review: key 0
technology R&D programs

V| @ | @3 [ o Ql | q
@ fundamentqy '

: evoluoﬂon\‘ ‘

& impact study with host states \

| | [
Workshop & mid-term review:

eneral coherency, CDR cost update
| | | | |

detailed design phase

FS Report

Reléase F‘SR
Project cost update

M.C Fouz. Development towards a Higgs/top/EW

Fabiola Gianotti: “CERN vision and goals until next

strategy update” FCCIS Kick-Off, 9 Nov. 2020

Financial feasibility
Technical and administrative feasibility of tunnel:
no show-stopper for ~100 km tunnel

Technologies of machine and experiments:
magnets; minimise environmental impact;
energy efficiency & recovery

Gathering scientific, political, societal and other support




Dyefp ICFA ILC International Development Team

CIEMAT
flsn:a de particulas

ICFNnternatlonal Committee for Future Accelerators

In August 2020 ICFA approved the formation of the ILC International Development Team

ICFA (IDT) as the first step towards the preparatory phase of the ILC project, with a mandate

ILC International Development Team

Executive Board

Americas Liaison

Working Group 3 Chair

. Working Group 2 Chair
Executive Board Chair and Working Group 1 Chair
KEK Liaison

Europe Liaison

Asia-Pacific Liaison

to make preparations for the ILC Pre-Laboratory (Pre-Lab) in Japan.

The Team is hosted by the High Energy Accelerator Research Organization (KEK) in Japan.

Andrew Lankford (UC Irvine)
Jenny List (DESY)

Shinichiro Michizono (KEK)
Tatsuya Nakada (EPFL) June 2021 aboratory (Pre’\a b)

Yasuhiro Okada (KEK) P . . . H
Steinar Stapnes (CERN) for the 1LC Organizational framework, implementation
Geoffrey Taylor (U. Melbourne) Proposa\ ¢ Collider .
permationsd U 04 e model, work plan and required resources
sonal

\nter“at\o“l ot for the preparatory phase of the ILC

reparato

Working Group 1 Working Group 2 Working Group 3 .
Pre-Lab Setup Accelerator Physics & Detectors https://arxiv.org/abs/2106.00602

International Expert Panel

KEK and JAHEP submitted a report to MEXT (Ministry of Education, Culture,

Decision Process for a global project applicable to the lLC Sports, Science and Technology) summarizing progress over the last 3 years

https://linearcollider.org/team/

XIV CPAN DAYS - Noviembre 2022, Bilbao

(MEXT organized an expert panel in July 20211
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ﬁebruary 2022 \

MEXT Expert panel issued their recommendations

Conclude that it still premature to proceed into the
ILC Pre-lab phase and, due to the financial situation,
re-evaluate the plan and approach towards a Higgs
factory in a global manner taking into account the
progress in the various studies such as the Future
Circular Collider (FCC) and ILC.

O KEK

KEK will reexamine the path for realizing the ILC, taking into
account the progress in various fronts including the FCC
feasibility study.

KEK and the Japanese ILC community is committed to
further advance in the accelerator area

KEK in collaboration with ILC-Japan, will establish a new
organization that will centrally manage ILC communications
activities focusing on communicating the importance to
build an international laboratory for basic science

y https://www.kek.jp/en/topics-en/202202251335 M.C Fouz. Development towards a Higgs/top/EW factory
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ﬁebruary 2022 \

MEXT Expert panel issued their recommendations

Conclude that it still premature to proceed into the
ILC Pre-lab phase and, due to the financial situation,
re-evaluate the plan and approach towards a Higgs
factory in a global manner taking into account the
progress in the various studies such as the Future
Circular Collider (FCC) and ILC.

O KEK

ICFA ILC International Development Team

ICFA Statement Regarding Higgs Factory Development and the ILC (April 2022)

ICF https://icfa.hep.net/wp-content/uploads/ICFA Statement April2022 Final.pdf

I ‘.ancer'n/'ng the International Linear Collider (ILC), ICFA reaffirms its position that the concept for the IL
is t'echn/.ca//y ro.bust and has reached a level of maturity which Supports its moving forwa rdF:vith th -

eng/neer/f?g design study toward its timely realization. Indeed, recent accelerator projects :
globe confirm the readiness of the foundational superconducting accelerator technolojgy T e

ICF, /
naﬁs continues to encourage inter-governmen tal dis j
i ; .
| S to advance Internationa/ collaboration towa

ell At
V@ coordination towarqg realization of an ILC

KEK will reexamine the path for realizing the ILC, taking into
account the progress in various fronts including the FCC
feasibility study.

KEK and the Japanese ILC community is committed to
further advance in the accelerator area

KEK in collaboration with ILC-Japan, will establish a new
organization that will centrally manage ILC communications
activities focusing on communicating the importance to
build an international laboratory for basic science

An IDT International Expert Panel (Decision process for a global
project applicable to the ILC) has been created

It discusses a general description of the evolution of a global project
from conception to operation, which could be applicable to the ILC.
Followed for a description pf the full lifecycle of the ILC project,
suggesting processes decisions and potential consequences.

https://linearcollider.org/team/international-expert-panel/

y https://www.kek.jp/en/topics-en/202202251335
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EPC Project Timeline
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CEPC project Timeline 002 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 o034 2035 2036 2037

i, Technical Design Report (TDR)

\ Engineering Design Report (EDR)
\ Ra&Dofa series of k3Y technologies
propare for mass produmon of devices though CcIPC

Accelerato

r EDR docu

approval cocument completed

of starting construction arOUnfgrzgovemment’s
26

Civil engineering campus construction (the Sta rting Of the ”15th ﬁve

J——
Accelerator

Constuction and insta \ation of accelerator

New detector gystem design &
Technical Design Report (TDR)

Detector construc\ior. installation &
joint commiss oning with accelerator

Detector

Expenrren\s operation

Further strengthen intema&i:ma\ cooperation in the
filed of Physics. detector and collider design

Sign formal agleements, astablish at least two
mtcmatlcna\ cxpcrmcm ccl\anorausns finalize
details of ln(emaucna\ contributions in accelerator

\ntemat\ona|
Cooperation

oviembre 2022, Bilbao
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Baseline

FST
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Precision measurements requires detectors with high
precision, beyond the performance of present experiments

Vertex resolution o(dy) ~5 @ 15/p[GeV]sin® 20 um

Excellent track momentum resolution at high energies
o(p7)/pr < 2x107° GeV?

Jet energy resolution o(E)/E = 3-4%

Good particle identification

About the Z pole (Tera 2)

i

Very High rates (up to 100KHz)

Detector capabilities for flavor physics (b/c tagging, particle ID)

Needs optimization but it cannot compromise
the performance for Higgs Physics

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory

Precision imposes important challenges on detectors, in the
detector technology itself, but also on electronics and mechanics

Tracking: Very low material budget & smaller possible inner radius
& excellent resolution

Reduced dead material between tracker and calorimeter
Compact calorimeters

For circular machines, is the active cooling needed?
Which is the impact?
Precise timing will play an important role
Improve PID
Beam-induced background rejection
Pile-up rejection
Improve calorimeter/tracker reconstruction
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Vertex detector
Silicon pixel detectors

Tracker options
Silicon pixels/strips

TPC — (GEM/UMEGAS readout)
(complemented or not with Silicon Layers)

Drift Chambers (complemented with Silicon Layers)

—

o | e LT

A 1™ = o - *’3*» i
’ \ o\ \_‘,_,a,.. v - ::\-“ . ;
A\ |

\B- " i = .
BN /<Y

A /fi‘,:\\ﬂ QN

5 ‘n" ’,'Q\u ;‘ \ :

Saclay

XIV CPAN DAYS - Noviembre 2022, Bilbao

Silicon pixel-detector R&D examples

/

Hybrid detectors

Monolithic Sensors

IDEA Drift Chamber

From Dominik Dannheim’s talk @ ECFA Workshop Oct 2022

M.C Fouz. Development towards a Higgs/top/EW factoiy
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Calorimeters Liquid Noble

Highly segmented |f'|ff" |-|< :
imaging calorimeter ™ | PFACalorlmetcr '

optimized for PFA

anl read-out calorimeter calorimeter

High granularity:
A x AO = 16.4 x 10 mrad?

6 e e e e —
. W o y i
_E!‘-W-_l g Fiber readout: o e O // ,
C - Cherenkov - e.m i . eryostat— T //
E - | S - Scintillation Signal sy 2 A
Iml digital I l . — | N
! !

l S S S

Slhcon Scintélater IALFS Sorllor RPC GEM
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Calorimeters Liquid Noble

Highly segmented |f'|7f" I"C
imaging calorimeter ** | PFA Calorimeter |

optimized for PFA

anl read-out calorimeter calorimeter

High granularity:
A x AO = 16.4 x 10 mrad?

\y\// Y

D60 el e el
_E!C'A'-_I @ Fiber readout:
E C‘CherenkOV‘ e.m
) i@—ﬂ
!

. f'”

S - Scintillation Signal

! l

Slhcon Scintélater TALFS ‘8cmllmor RPC

"I
me (;.,:'.

Forward Calorimeters

BeamCal:
LumiCal: Fast luminosity measurement using beamstrahlung
Precise luminosity measurement

using Bhabhas XX-W sampling calorimeter

30 layers (1 X0 each)
XX Candidates: Saphire, CVD Diamond, GaAs

Si-W sampling calorimeter

XIV CPAN DAYS - 30 Iayers (1 X0 eaCh) M.C Fouz. Development towards a Higgs/top/EW factory
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DEVELOPMENTS FOR FUTURE HIGGS FACTORIES

IN SPAIN K=

The Spanish community is involved in developments for future e+e- colliders since ~2006, first focused in linear colliders (ILC and CLIC),
playing major roles in the international activities, and after extended them to the circular machines proposed more recently

Ghe Spanish contribution to this activities has been articulated with the support of the Spanish network for future accelerators and detectors\
At present 12 institutes participate in this network, including the ALBA/CELLS *2 44 *3-3 j & IFIC (CSIC-Univ. Valencia)
most relevant institutes of particle physics and technological CIEMAT = IFT — Instituto de Fisica Teorica
centers for accelerator and detectors. In addition, the association SLEEhAE 8} ;)P ITAINNOVA
INEUSTAR/INDUCIENCIA is an associated member to extend the ESS Bilbao U. de Granada
contacts with the Spanish industry IFAE (ICREA/IFAE) U. de Santiago de Compostela

\_ IFCA (CSIC-Univ. Cantabria) U. de Sevilla Y

v" Phenomenological studies for the potential of future Higgs/top factories
v Accelerator developments: On magnets and acceleration cavities
v Detector: R&D, design and operation, centered on silicon detectors and calorimeters

n
—
=
>
-
(8)
<

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory
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Groups involved

CIEMAT
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@
rsasTnG
] 2 CosER0 NI, BNCHACKIN
E 7"\' it
N

AN Generalitat
WY de Catalunya

' les - ALBA
Developments on accelerators for Higgs Factories

EU H2020 Project EuroCirCol (2018-21)
* WP4: Fcc Cryogenic Beam Vacuum System

Contract KE with CLIC-CERN (2017-2020):

WP1: Damping Ring Stripline Kicker tests m E@v

* WP2: Collective Effects

* WP3: Beam lnstrumentation & Diagnostics
* WP4: Damping Ring RF System

, * Contract KE with FCC-CERN (2018-2021
o ‘* —== . * High Temperature Superconductors for the FCC

i EI'-EE‘ALBA Team . »# EU H2020 - ARIES — ADA (2017-2027 )
p— = WPS:

o, "".:f’s'“ [ i Al Diagnostics for futyre accelerators :{@S EEE
y L5 - . A e
0%, § | -f.- 0 # R
o e A WO * Contract KE with FCC-CLIC.CERN (2018-2021-2024) M B
3 . e e, y *  Novel electron imaging diagnostics for future accelerators CLIC sl q

s -

M.C Fouz. Development towards a Higgs/top/EW factory
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Developments on accelerators for Higgs Factories - CIEMAT

Within the Electrical Engineering Division (ascribed to the Technology Department), the Accelerator
Technology Unit develops different activities related to accelerator components, basically

superconducting, conventional and special magnets and RF components as well as complete
small accelerators.

—

for CLIC \
Accelerating STUCTUre i\
S, RF Flange \

Centro de Investigacione
Cooling block

A
Energéticas, Ma< T e PR‘S
1 Co\
Disc stock ‘
\ Coust M gnets,
|

< saciones
cigacio
e \nves' < entale’
centr© ¥ pedioamb®
gnerget § ec“c,\'og‘“‘s

Conduction cooled superconducting
magnets allocated in the Main Linac
Cryomodules to focus and steer the
beam.
The contribution includes the

Magnet Power Supply and the
x; Beam Position Monitor.
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Financiado por

la Unién Europed

N e
NextGeneratronEU

GENERAL\TAT
VALENCIANA

Deve\opment of ILC gPM (IFIC)
Grupo de aceleradores de garticu\as del IFIC:
B. Gimeno, D. Esperanté, N. Fuster-
p. Martin

J. Fuster,
esias, P. Martinez—Reviriego, }

Gonzdlez-lgl
https: aitanato ific.uv.es aitanato
tion Monitor)

O Reentrant cavity BPM (Beam Posi
on BPM with nanometer resolution.
nducting magnets

Q High precisi
d with the sp\'\ttab\e superco

Q Design and constr ofa reentrant cavity BPM.
already existing. TO be provided by KEK.
g 2023.

O Baselineé prototype
Q Design studies commencing beginnin
a Construction foreseen for 2024 by Span'rsh company-

with beam proposed for 2025.
e R&D will be based on
eady existing prototy

oped as well.
type at \FIC.

uction

performance and cost

pes.

ctron

\ O Readoutele
build a readout pro

\ Q Aimto
O Funded by Valencian Government (end of

XV
.C Fouz. Devel
opment towards a Higgs/top/EW f
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Spanish institutes working on detector developments

for future Higgs factories

Detector R&¥L,
des\gn,
o\)‘{\m’\la’{\o‘\

Silicon - Wadking

Deleclors ey

N SANT\AGO DE
\FAE \FCA we | TRNNOTRY T onposTaL

GrouPSsS

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory
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Developments on silicon detectors for Higgs Factories

& LHC Synergies

Main silicon detector R&D in the Spanish groups related to:
3D detectors, LGADS, CMOS-DMAPS.
Synergies with the developments for HL-LHC and Run3 LHC

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory
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Developments on silicon detectors for Higgs Factories

& LHC Synergies

Main silicon detector R&D in the Spanish groups related to:
3D detectors, LGADS, CMOS-DMAPS.
Synergies with the developments for HL-LHC and Run3 LHC

o\T[OLM [T i) [ 5YA  Radiation hardness, low material budget

In Run3 LHC upgrade for LHCb VELO: %“A% IGFAE U@
VeloPix a 130 nm CMOS technology - S

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory
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% & LHC Synergies

Main silicon detector R&D in the Spanish groups related to: SRS A  Radiation hardness, low material budget
3D detectors, LGADS, CMOS-DMAPS.

Synergies with the developments for HL-LHC and Run3 LHC

3D detectors

Developments on silicon detectors for Higgs Factories

In Run3 LHC upgrade for LHCb VELO: é:% IGFAE US®
VeloPix a 130 nm CMOS technology o el

Radiation hardness, timing

. ATLAS ITK

& IE B = [inetitut o~ Fisica
: BNTMME  d'it>Envrgivs

3 .
e CMS pixel
g ~1[ 2
S ‘. 4|
= Prototype modules for the ATLAS

N Tracker Upgrade for HL-LHC (ITk) M.C Fouz. Development towards a Higgs/top/EW factory
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% & LHC Synergies

Main silicon detector R&D in the Spanish groups related to: SRS A  Radiation hardness, low material budget
3D detectors, LGADS, CMOS-DMAPS.

Synergies with the developments for HL-LHC and Run3 LHC

Developments on silicon detectors for Higgs Factories

In Run3 LHC upgrade for LHCb VELO: % IGFAE UN®
VeloPix a 130 nm CMOS technology =

3D detectors

Radiation hardness, timing

LGADs Low Gain Avalanche Detectors (LGADs), introduced in HEP by the
Institute of Microelectronics of Barcelona (IMB-CNM) ~10 years ago

HL-LHC upgrades
##:% »  ATLAS High Granularity Timing Detector (HGTD)

= Rl =t W
€
~, ' * ]

s .+ CMS Endcap Timing Layer (ETL)

s

b (A

& ATLAS ITK

s 1B ﬂ 2= [ In~titut d~ Fisica
3 l rhE d It En"l’gi'a
3 .

e CMS pixel

' iy

It is the most promising Time and
Position-Sensitive Detector (TPSD)  pototype forthe ATLAS
to implement the 4D tracking concept. HGTD for HL-LHC

l’ ‘
[ VS |

= Prototype modules for the ATLAS
N Tracker Upgrade for HL-LHC (ITk) M.C Fouz. Development towards a Higgs/top/EW factory
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R&D to enable the high-precision m& .'r.

. “— ! . -
4 D t ra C kl n g CO n C e pt — ITAINNOVA Centre Nacional de Microelectronica

R&D on several LGAD-based TPSD sensors inside the New production (to be ready by Q2 - 2023) of thin
AIDAInnova and RD50 collaborations: I-LGADs and AC-LGADs. ILGAD being manufactured at IMB-CNM with timepix
layout.
Charged pa.mcle N’ Electrode Periphery
e Gain Spatial Uniformity: — T T
P-type multiplication layer C0||ected Charge PPPPPP t ««««« \\ p.‘ ‘ //' ’ o
. ) ‘ ) MSM‘”"; - D Low doped p-type Dm uuuuuu m
‘?6‘ 6 g i: : ::;: :; 26‘; ieelleecct(r:):ss P-type multiplication layer . High doped n-type - Passiva tion
h?? X i: R 7aiaa N i .Hnghdopedptype Dpalysmcon
h 13 \ LGAD " =\,
% : : g B Craros (sacora x10Y Basic layout for thin single-sided ILGADs
P electrode Peak: 76 Kelectrons | ITAinnova working in a high precision clock

iLGAD TECHNOLOGY (iLG1)

distribution system for multilayered timing detectors

1. Vila, 13th Trento Workshop

* Multiplication extended over the electrode. i— i-LGAD a
* Hole collecti o o . .
kg e S based on CERN White rabbit protocol.
y Charge (slecirons x10 s
Qo
it

o Peak: 24 Kelectrons o . A
400
- RD50
pos Standard PIN
-
e e AIDA
Charge (electrons x10%)

ﬂﬂﬂﬂuﬁﬁgﬁﬁ
[‘ innova
Proof-of-concept from IMB-CNM microstrip prototype Dsete‘m, %";';Z'.ﬂ’
ystem
demostrated at test beam in 2018 Plan de
. . Recuperacion, H)\
(300um thick and no time readout). Y Transformacign
Yy Resiliencia

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory
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’ R&D tg €nable th

, 4D trackin

R&D
A

e hlgh-precision
& Concept
o ;)n Severa| LGAD-based TPS

D Sens ne:
NNova Ors inside t
and RD50 collaborations: I-LGADs andhzc LGAD
Charged particie ; S.

N’ Electrode

Gain Spatia| Uniformity:

P-type Multiplication layer

) Collected Charge

| “. 77777‘77‘7‘7\\

‘ 966 e g Peak 1: 24 Kelectrons |
‘ ?6 E 4 Peak 2: 65 Kelectrons

[ h 9 = ! ‘
\ n i )

| High resistivity p-type Subs(va\e“\.‘ ulu g‘ =

ttﬁ',«‘m--,.....-.;m......_“. —— ‘

P

Basic layout for thin single-sided ILGADs

o ITAinnova working in high precision clock ;/
distribution system for multilayered timing dete/ 4
based on CERN White rabbit protocol, /

Charge (electrons x1
)
Peak: 76 Kelectrons

hey,
deVeIo

/

1. Vila, 13th Trento Workshop,

February 2018

P" electrode o -
* Multiplication extended over the electrode.
* Hole collection
| 4
b E Peak: 24 Kelectrons 8 RDSO
Recuperacic’;_n‘,
demOStl‘ated at test beam in 2:18t) Transformacion
i ut).
i d no time reado
(300um thick an

iLGAD TECHNOLOGY (iLG1) ' J/\
+ Complex double side process .j"‘-» _AL__A
Proof-of-concept from IMB-CNM microstrip prototype e
‘ y Resiliencia
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Caloximeters
Detectov

G(ouPS

Developing highly granular calorimetry
optimised for particle flow reconstruction

for future electron-positron colliders.

336 physicists/engineers, 60 institutes,18 countries across the world

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory
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Ciemalt

Main contributions to SDHCAL
SemiDigital Hadronic CALorimeter

Stainless Steal+RPC Readout 1cm?pads ¥
Responsibilities in Mechanics, Electronics

and data analysis

£) 1 DIF per chamber (up to 1x3 cm2) ~38K channels

SINCE

AHCAL :
* 38 layers 72x72 cm?
* 3x3 cells scintillator + SiPM] &
* 1.7 cm Stainless Steel (~4A)

* 6t, 1x1x1.5 m? ’

Synchronlzatlon

SINCE

SiW-ECAL

15 layers 18x18 cm?
0.5x0.5 cm? Si cells
2.845.6 mm W (21 Xo)
100 Kg, 0.4x0.4x80 cm?

A ay |
¥ &S - checked online

New ASIC. (OMEGA) : HARDROC3 (HR3)
] ASUs : 1x0.33 m2 with 13 layers

) -> Under lntegratlon wnth DAQ

High precision mechanics using
Roller leveling for Plates flatness ”
s

Deformations observed below + 0.6 mm

H~dr n “hower

RAW data \
peort >

'.5 Pads with signal above

29
Include timing =»5D Calorimeter
Multigap RPC + new ASICs

Electron Beam Weldlng for assembly
adrian.irles@ific.uv.es

Presentations at CALOR2022, ICHEP2022.
CALICE Collaboration Meeting in Valencia -

April 2022

1*"threshold (0.114 pC)
2% threshold (5 pC)

Jdthresh 3 "7 oC'

XIV CPAR qowembre 2022, Bilbao
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Physic studies

Contribution on bottom quark mass prospects — for Snowmass * ILC white paper, arXiv:2203.07622
B < J. Aparisi et al., Prospects for, arXiv:2203.16994 . arp,
* D. d’Enterria et al., The strong coupling constant, arXiv:2203.08271 ?’f"zne ’.6‘
e J. Aparisi et al., mb(mH), PRL128 (2022) 12, 122001 g LI REI L :
Contribution on the top quark physics program — for Snowmass lf'L UNIVERSITAT oe
« G. Durieux et al., prospects for top quark couplings, arXiv:2205.02140 i+ BARCELONA

J. de Blas et al., Global SMEFT fit at Future Colliders, arXiv:2206.08326

* A. Belloni et al., Report on EW precision and new physics, arXiv:2209.08078 « FCC white paper, arXiv:2203. 06520
e K. Agashe et al., Report on top physics and heavy flavour, arXiv:2209.11267
* F. Maltoni et al., Report on theory for collider physics, arXiv:2210.02591 Ciemat IFIC

O t h ers y Tecnolégicas

Ciemat °* J. Alcaraz et al, The Z lineshape challenge. arXiv: 2107.00616

10-20% of working time of a student/post-doc can produce a small paper

I

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory
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Physics collider community is very focused on the HLC and HL-LHC (people and budget) but the continuation of
the collider physics area requires to put some efforts on developments for the next collider

(long path since the firsts studies of a new collider till the execution of the project).

Important effort in Europa towards the preparation for next collider: e+e- Higgs factory

Spanish community has contributed significantly to the

= design of experiments for future e+e- colliders (detector & physic studies), as for example
Contributions to the CLIC Conceptual Design Report (CDR)
Contributions to the LOI of the ILD experiment for ILC, arXiv:1006.3396
Strong involvement on the ILC DBD Vol4 arXiv:1306.6329
Editors (J. Fuster-IFIC) & sub-editors (MC Fouz-CIEMAT, A. Ruiz Jimeno-IFCA, I. Vila-ICFA, M. Vos-IFIC)

= to accelerator

Spanish Community' ILD technical convenors
has also coordination — :
positions for the ILD detectors A hsen syt Members of our community occupy
’ . L) . . o
for vertex, tracker, I B T coordination posntlons on the ECFA studies
and as Technical coordinator g i N T atarder for the next Higgs/top/EW factory
Vincent Boudry (LLR)

1 Imad Laktineh (IP2I)
Wataru Ootani (Tokyo)

Taikan Suehara (Kyushu) Felix Sefkow (DESY)
Jiri Kvasnicka (Prague) _|:|

Yan Benhammou (Tel Aviv)

—E Valeri Saveliev (IAM Moskow)

factory
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To follow the ongoing ECFA activities and workshops
» Subscribe to the ECFA-Workshop-Higgs-factory CERN mailing list
» General page for meetings/workshops/seminars. https://indico.cern.ch/category/14055/

Interested on participating in this effort?
Contact the WG1, WG2, WG3 coordinators:
ECFA-Workshop-Higgs-factory-coords@cern.ch

A lot of space for contributions, both in detector and benchmark physics studies.

XIV CPAN DAYS - Noviembre 2022, Bilbao M.C Fouz. Development towards a Higgs/top/EW factory
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BACK-UP
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Future Circular Collider
(FCC-ee)
CERN

e e*, \s: 90 - 365 GeV
(followed by pp, Vs: ~100 TeV)
Circumference: 97.75 km

o

s Schematic of an
g 80-100km

s long tunnel

.

N
.
.

(CLIC)
CERN

ee*, Vs: 90 — 240 GeV
 (followed by pp, Vs: ~100 TeV)
Circumference: ~100 km

Compact Linear Collider
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(ATLAS: H > ZZ* -5 ppee candidate)

Proton-proton collision: Search for small signal in a Electron-electron collision: Measure everything
large background | and precisely

Reconstruction: Imaging the Event ECFA Workshop, 6th October 2022 Erica Brondolin (erica.brondolin@cern.ch)
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Ciemat Vertex/tracking detector concepts

% cfp Collider ILC cLic FCC-ee CEPC
CIEMAT
AR Detector SiD LD  CLICdet CLD FCC-ee Noble CEPC CEPC
Concept IDEA LAr/LCr baseline IDEA
B-field [T] 5 4 4 2 2 2 5 2
Vertex inner 14 14 31 17 117 17 16 16
radius [mm] 212 212 212
Tracker out. 1.25 1.8 1.5 2.2 2.0 2.0 1.81 2.05
radius [m]
Vertex Si-pixel  Si-pixel Si-pixel Si-pixel Si-pixel Si-pixel Si-pixel Si-pixel
Tracker Si-strips TPC/ Si-pixel  Si-pixel DC/ DC/Si-strips TPC/Si-strips DC/
Si-strips Si-strips  or Si-pixel or Si-strips Si-strips

CLICdet

f
CEPC baseline

WS UERE October 6, 2022 Tracking and Vertexing for Higgs Factories



Ciemat

Dy efp LHC Timeline till Higgs discovery

CIEMAT
fisica de particulas

v ~1980: First ideas for a muli-TeV proton collider at CERN
v" Oct 1990: ECFA LHC Workshop in Aachen

v'16 Dec 1994: CERN Council approved the LHC project

v' Feb 1996: Approval ATLAS and CMS

v' Apr 1998: Begin of construction

v' 7 Mar 2005: Installation of the first dipole magnet

v'26 Apr 2007: Installation of the last dipole magnet

v'10 Sep 2008: First circulating proton beams

v' Oct 2009: First proton-proton collisions

v’ Jul 2012: Discovery of the Higgs
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