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3" EGFA workshop on e*e Higgs,
Top & ElectroWeak Factories

9-11 Oct 2024
Campus des Cordeliers, Paris, Metro Odeon

Europe/Paris timezone

@ 3rd ECFA workshop took place last week https:/indico.in2p3.fr/event/32629/overview

€ More than 200 participants [in person]

https://indico.cern.ch/event/1459975/
https://indico.cern.ch/event/1466526/

€ 120 talks — plus two online overflow sessions this week

@ Lively discussions especially in parallel sessions

€ Thanks to everyone who contributed

@ Special thanks to subgroup conveners for all their work preparing the programme


https://indico.cern.ch/event/1459975/
https://indico.cern.ch/event/1466526/
https://indico.in2p3.fr/event/32629/overview

3@ ECFA Workshop

€ Too much shown to pick highlights!

Higgs self-coupling:

— ongoing work on models that can deviate significantly from SM predictions
for otherwise allowed points

— plus developments in experimental sensitivity!

ILC550: 20% [J. List et al. "24]
E | Higgs self-coupling projections Y T
(d)] }- | === HL-LHC (single coupl. analysis, ATL-PHYS-PUB-2022-053) . - H L‘LHC
(< 3 I e extrapolation HL-LHC, i-dependency as of T e )
~— ks x-section significance in ATL-PHYS-PUB-2022-053) = - 84 A)
% | | === ILC 550 GeV ZHH (2014, full coupl. analysis) &vvHH ¥ =
Q - | == |LC 1 TeV vvHH (2014, single coupl. analysis) 4B = - | LCSSO
(<E ) i —-— ILC 550 GeV ZHH &vvHH + 1 TeV vwwHH combined, 2014/ v ' 4—_‘— 9%
[ HL-LHC: 50%—> ./;‘ 13 H .
- ;'“ ’l‘ S S I
E o N
o “ ~ T vatue preferred
- g‘ SM val for GW signal, -
s : vall®  first-order EVYPT.
= 1 s L l L L L 1 l L L L L l 1 L L 1 l L 1 L L l 1 1 ' s L

-0.5 0 0.5 1 1.5 2
)\'true/}"SM



3@ ECFA Workshop

€ Too much shown to pick highlights!

A lot of developments in flavour tagging
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10°

— VS C
2 — bvsq b tagging
ﬁ 10}
L
[
o
c
S
= 10
Y
5 LCFIPlus
c
v
°
K] -3
s 10
9

0.0 0.2 04 0.6 0.8 10
Jet Tagging Efficiency
ILC Simulation - Unsorted Sample - 20 Epochs

— CVSh
2 — CcVsq ¢ tagging
r) :
B 10 .
<
= LCFIPIlus
o 6]
® 10771
kY
£
v
T
(I
s 10
-
L)
10°* T
0.0 0.2 04 0.6 08 1.0

Jet Tagging Efficiency

ParticleTransformer

on ILD full simulation

— significant performance
Improvement over
previous-generation tools

svsg

10° 7

Much work towards
strange-tagging, including
new detector options

K-mt separation

® | ——QGas
g // Aerogel
N
10}
’ 10 Momentum :Gn\},P
PID and photodetector R&D for FCC
svsd

| == |LD W/ cpid
| == |LD W/ truth
— FCC 1M

ml-3

Jet Misidentification Probability
5

T T
0.0 0.2 0.4

Jet Tagging Efficiency

svsd

=3

...
S

-
1=}

= |LD w/ cpid
= |LD w/ truth
— FCC 1M

Jet Misidentification Probability

- T T T 1
0.0 02 0.4 0.6 0.8 10
Jet Tagging Efficiency



39 ECFA Workshop

€ Too much shown to pick highlights!

Top — new/updated global fitting of top and bottom operators
Preliminary results: excellent bounds on operators affecting EW

interactions of the top quark
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3 ECFA Workshop

€ Too much shown to pick highlights!

Two-fermion production — new results achieving per-mil level
statistical uncertainties and reduced experimental systematics
— sensitive probe for new physics
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3@ ECFA Workshop

€ Too much shown to pick highlights!

Searches: many new/updated studies
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Report Planning

ity in a useful report

Now: try to capture the huge amount of activ

€ Concept: a synoptic outline of the physics case and the ECFA study activities,
drawing particular attention to the work that has spanned projects, concepts,
and WGs, helping to strengthen and build the e*e- community.

The report should:
— be self-contained and reasonably comprehensive
(but not ab initio and not extensively repeating material from previous reports)
— and be concise enough that it's a document that people can actually read

€ Activities encouraged to write individual notes/papers
-> report will largely summarise and reference them




taking shape in Overleaf R.Q ort PJﬁDDJDg

. Contents “ 6.2 Analysesinspecificmodels . . . . . . . .. it e e e 18
s 7 Direct Searches for New Particles 19
¢ 1 Introduction , 1 - 7.1 Phenomenological INtrodUCHON . . . . . . . v v v v i it e e i e e e e 19
. 1.1 Physics Landscopo OVBIVIOW. . o i s wiv Srediies v WTas 3% srensiein o SEE B 1 " 711 ‘GONoral MOVEIONIOFBSM - o oo s o 19
4 12 Higos FRCI0nos OVGIVIOW. . i sox simixione tin Semiuion s skois o5 Srossien 5in Sniiase . 5. 7.1.2 Possible scenarios with focus on direct signatures . . . . . ... .. ....... .19
= Lot hunplanssaes o Tl R A ASE i SONER 9 AGE ¥ SRREH 18 AEH e L % 713 POUSHIOBOGIDR SWRIBEIBE: .« .o oio¢ un snaneivie snWRHONS o56 ARCHISTS R B0 . 19
s 2 Common Developments 2 © 7.1.4 Expected search landscape after HL-LHC 19
i SR ORI ERONIEIIGN L o voeie s sEetsies MY NSSESIIY MHOLSNOSS MR NOSEeSE wR SyGisIe 2 8 7.2 Focus topic: Exotic scalar searches . . . . . . . 19
22 CIONNAINE o 0ave Gy e TRTE e S CEE BN BRI SIS A SRTANNT o S w 2 &2 7.3 Focus topic: Long lived particles . . . . . ... 20
2.3 Beamstmahing & LUNINOBRY.-SPBOIR .« «. v o5 simis o i nos s sz e shers o 2 & 7.3.1 Heavy NeutralLeptons . . . . ... ... 20
" 28, FOCUS TOMC LIBINEBIIE. .. < os 5iv sin s.008 535 BL6 N 000 Sim, SLO0s i Shb Ouscs Sie S0 e S5 2 ™ 7.4 Focus topic: Exoticstopdecays . . . ... ... 22
“ 25 Tochhical BonchmarkB . ...« v o e oo v evelesds s oein o 6 & 75 Fhertoples: o555 56 s i sa sl b 22
15 20 SRR ... ..o covne s ppeie s e o pResenens sgwzsvese il 6 ™ 7.5.1 HeavyNeutralleptons . . . ... .. .. 22
i 2.7 ReconBIUCHON . o wi 5w 5% W e W% e e e evaglile Ve lE TR B SR e 6 & 752 DarkPhotons(?) . . ........... 22
» 3 Developments in Higgs Physics 7 & 7.53 SUSYsearches .. ... ii ww v 22
" 3.1 Focus Topic: ZH production and angular studies 7 . 754 DakMatter. . .............. - 22
1 1.1 CP-otidcoupling oo . .. .= coiv i szas i ovis s o NI s +0 wiael 8% 7 i 7.55 Exotic Zvdecays @ SRS R ST e D - 2
2 3.1.2 CP-evencouplingstudies .. .. ... ... . ...cccocoe QB «cooos 7 N 7.56 Exotic Hl.ggs boson decays (f"dUd'ng invisible) &7 . . .. SO i . 22
N 3.1.3 Entanglement sensitivity . . . . . . . . . . . 8 72 7.5.7 Two-parnclg angu?ar correlations in the search for new physics . . . .. ... .. . 23
= 32 FocusToPic:H—88 .. ..woo....... € 8 n 7.6 Detector and running option considerations 23
2 33 Otherrare Higgscouplings . .. .. .. .. ... . ORI, ... ..cuccvoosocoscs 8 " 7.6.1. ‘Bolo of polartzaion . s «iv vivmivie » 23
2 331 HgD-ENOB VN - . .- oo v s N e SR O R R R e 8 g 7.6.2 Koy detector design SEURIIT B R 23
P 3.3.2 Flavour-violating Higgs decays . . v v . . v v v vi it e e 10 » 7.6.3 Key challenges in systematics ..« . . - .ol 23
» 3.4 Focus ToricC: Higgs self-coupling . . . ... ... 1 » 8 Flavour 24
z 34.1 Introduction . . . .. ..« o Q. oo 8 11 ™ 8.1 Flavour landscape at the time of Higgsfactories . . .. ... .................. 24
) 342 Progressintheory . . .. .. .. Nk ol . . . .o ocsavneoisoisesis 1 » 8.1.1 Challenges in lattice QCD for for precise predictions . 24
2 3.43 Progress insingle-Higgs@Pproach o7, . . . . . .. s i i s e et e e e e 1 ) 8.2 Focus Toric: CKMelementsfromWdecays . . . ... ... .........uuouuoo.. 24
» 3.44 Progress in di-Higgs approach 1 o 8.3 Focus Toric: B — K| .
» 4 Developments in Electroweak Physics & QCD 12 « 9 New Detector Technologif ‘ S e Ct I O n S °
» 4.1 FOCcus TOPIC: WhosONmassmeasurement ... . . . . . . . . oo v v v vt o v v o v o v nn 12 ®
n 4.2 Precision W-boson couplingmeasurements . . . . . . . . .. ..ttt e e 12 & 10 Reforonces .
™ 43 Focus ToplGi2mmion fin@ltates . . . . . .. .. ... .vvvnviioasoianess 12 | n trod u Ct | O n
» 437 JNOOUCHION NI . . < WA = o = o sin somismre i wriow ars wim /s e Eye wife/e e 12
» 4.3.2 Theoretical and phenomenologicalaspects . . . . . . . . ... ..o i it 13
S 433 Expormonalamecls o« oel Lol 1 Common Developments
» 4.4 Other Z-boson and neutrino interactions . . . . . . ... ... ..ttt 14 . . .
» 4.4.1 Electron couplings from transversely polarizedbeams . . . ... ............ 14 D | H P h
w 442 FIaVOUNEREEIN ZOOMYS ... vo oioio sun simeove aus s SyE snas et e wiee eE 14 eve O p m e n ts I n I g g S ys I Cs
@ 4.43 Zoson decays in models with right-handed neutrinos . . . . .. ... .......... 14 .
ARA SO TR RIIING .. - < » 1 o s sov e oo o oo 16 Develo pments in Electroweak
“ 4.45 Neutrino anomalous magneticmoment . . . . . . ... ... ... e 16
“ 45 FOCUSTOPIC: WWAHE.. <5 :oc ic srw svis wis ssensions e e 66 SR erarnd &5 seis o0 16 N
s 4.6 Focus Toric: Fragmentationand hadronisation . . . . . . . . . . . . .. i i v i v oo 16 P h ys I Cs & QC D
« 5 Developments in Top Physics 17 . .
o " 51 FOCUS TOPIG: TTHOEN «« -+« e e e e e e e eae e e e aeaees. 7 Developments in Top Physics
“ 5.1.1 Top quark properties fromthethresholdscan . . . . .. ... . ... ... ....... 17 .
“ 512 TopquarkcouplingsintheSMEFT . . .. ... .. icviniionocisnassan 17 G | b | |
n 52 FOGUSTORICEXI®) - - s v oo oo 17 obal Interpretations
s 6 Global Interpretations 18 : .F N P : |
o * &1 Model ndependen: Global SMEFT I . . ... ...+ ee . eeeeeeenns. 8 Direct Searches for New Particles
5 6.1.1 Interpretation in terms of particularscenarios . . . . . . . . .. ... el 18

] Flavour
€ Editor names are already New Detector Technologies
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Timeline

€ 20/10 Deadline for physics studies to submit 2-page summary

€ 20/10-10/11  Compilation and editing by WG1 subgroup conveners / nominated
editors, and WG2/3 editors (as well as coordinators & chief editors)
10/11 is the deadline for WG1 subgroup conveners finish their part!

€ 10/11-27/11  Editing by WG1 coordinators, WG2/3 editors & coordinators, and chief
editors.
27/11 is deadline for complete draft to be handed over to chief editors.

&® 27/11-18/12 Editing by chief editors only

& 18/12 Circulation of version 1 to contributors and R-ECFA

& 17/1 Deadline to receive comments on version 1

& 24/1 Deadline to receive final results/plots from contributors
€ February Incorporation of comments, final results, and references
& 21/2 Final version to R-ECFA

& 7-8/3 R-ECFA approval during country visit

followed by submission to arXiv



WG1 Physics Programme: 2-page summaries

€ Physics studies are asked to provide a 2-page summary as input to the report
€ Must use template: https://www.overleaf.com/read/sqtfdgjvdngd#386e64
€ What's expected: a brief self-contained description plus results, as a table / 1 or 2 plots.

€ Each study should upload a zip file of the full source plus a pdf by 20t" October!
Upload location: https://indico.cern.ch/event/1455398/

Contributions to ECFA Higgs/top/ew report

20 October 2024

Europe/Zurich timezone

Sieview Please upload a 2-page writeup of your contribution to the ECFA Higgs/top/EW report. The template to
Scientific Programme be used is at overleaf template . Please download the template zip or clone it, and start from there.
Call for Abstracts Then submit:

Timetable

(1) azip file that should contain the tex document source and figure(s)
(2) AND a compiled pdf.

We need both of these things to help to compile all the contributions on a short timescale — thanks.

Starts 20 Oct 2024, 09:00 & Template L
Ends 20 Oct 2024, 21:00

The call for abstracts is open
You can submit an abstract for reviewing.

@ It’s fully understood that results may not be final by 20t October, but this
deadline is necessary to allow the report to be prepared. There will be an
opportunity to update the results (latest 24" January; see timeline).


https://indico.cern.ch/event/1455398/
https://www.overleaf.com/read/sqtfdqjvdnqd

WG2 Physics Analysis Tools

€® WG2 report sections adopt a more top-down approach
... but the spirit is the same: all help and additional input is very welcome.

€ Editors for the broad topics span projects for maximum coverage, and will
solicit input for their sections.
But you are also welcome to contact them with offers of text and help!:

Topic Section editors

Software Ecosystem Andre Sailer, Frank Gaede, Gerardo Ganis
Generators Carlo Carloni Calame, Juergen Reuter, Marco Zaro
Technical Benchmarks Alan Price

Beamstrahlung & Luminosity Spectra Thorsten Ohl, Daniel Schulte

Simulation Andre Sailer, Brieuc Francois, Daniel Jeans
Reconstruction Loukas Gouskos, Taikan Suehara, Ulrich Einhaus

Coordinated overall by WG2 coordinators, Patrizia, Dirk & Fulvio



WG3 Detector Technologies

€ WG3 acts as a bridge between DRDs and HTE factory detector concepts

@ Detector technologies chapter will (very!) compactly summarize the main R&D
directions, challenges, and recent results specifically towards HTE factory detectors

€ As with WG2, WG3 chapter adopts a more top-down approach

@ |n particular, trying to avoid duplication with other reports towards ESPPU

Topic
Experimental conditions
Discussion on the evolution of detector concepts from linear to circular
Mid-term R&D plans towards HTE factories, from DRD collaborations
— Vertex & Tracking
— Calorimetry & PID
— Integration, Mechanics & Cooling

Organised by WG3 coordinators, Felix, Giovanni & Mary-Cruz



The next phase

€ We have seen a huge amount of activity and many beautiful results
over the course of the ECFA Study

@ |t's a challenge to capture all this in a useful and readable report in a
short timescale

® The next 2 months will be very intensive involving a lot of interaction
among contributors, conveners, editors!

€ Thanks to everyone involved, in advancell!l




Backup




Coordinator and convener contacts:

¢ WG1: Physics programme conveners Fabio Maltoni, Jenny List, Jorge de Blas, Patrick Koppenburg
ECFA-WHF-WG1-coords@cern.ch
¢ WG2: Physics analysis methods conveners Patrizia Azzi, Fulvio Piccinini, Dirk Zerwas
ECFA-WHF-WGZ2-coords@cern.ch
¢ WG3: Detector technologies conveners Felix Seftkow, Mary Cruz Fouz, Giovanni Marchiori
ECFA-WHF-WG3-coords@cern.ch
& study chief editors Aidan Robson, Christos Leonidopoulos

WG1 activity area conveners:  WG1-PREC (Precision in theory & experiment):
Ayres Freitas (Pittsburgh), Paolo Azzurri (Pisa),
Adrian Irles (Valencia), Andreas Meyer (DESY)
ecfa-whf-wg1-prec-conveners@cern.ch

WG1-GLOB (Global interpretations in (SM)EFT and UV complete models):

Sven Heinemeyer (IFCA/IFT), Alexander Grohsjean (DESY),

Junping Tian (Tokyo), Marcel Vos (Valencia), Jorge de Blas (Granada)
ecfa-whf-wg1-glob-conveners@cern.ch

WG1-HTE (TOP-HIGGS-EW and connection with LHC):

Chris Hays (Oxford), Karsten Koeneke (Freiburg),

Fabio Maltoni (Louvain)
ecfa-whf-wg1-hte-conveners@cern.ch

WG1-FLAV (Heavy Flavours):
David Marzocca (Trieste), Stephane Monteil (Clermont Ferrand),
Pablo Goldenzweig (KIT)

ecfa-whf-wg1-flav-conveners@cern.ch

WG1-SRCH (Feebly interacting particles, direct low mass searches):
Roberto Franceschini (Rome lll), Rebeca Gonzalez (Uppsala),
Filip Zarnecki (Warsaw)

ecfa-whf-wg1-srch-conveners@cern.ch



Focus Topics Expert Teams

¢ Focus topic definitions have been developed by ‘expert teams’ from across projects,
driven by the WG1 coordinators & conveners (next slide)
¢ Note: expert team members participating as ‘consultants’ — not necessarily active in topics

at the moment!
Expert Teams

EXscalar (SRCH)

Filip Zarnecki

Mikael Berggren
Sven Heinemeyer
Abdollah Mohammadi
Tania Robens
Nikolaos Rompotis

Hself (Glob)
Junping Tian
|Gauthier Durieux
Jose Goncalo
Sven Heinemeyer
Michael Peskin
Philipp Roloff
Roberto Salerno

CKMWW (FLAV)
U. Einhaus

M. Selvaggi

P. Goldenzweig
M. Bordone

D. Marzocca

LLPs (SRCH)

Rebeca Gonzalez Suarez
Juliette Alimena

Jan Hajer

Marcin Kucharczyk
Emma Torro Pastor
Sarah Louise Williams
Filip Zarnecki

wwdiff (Glob)
Patrizia Azzi
Timothy Barklow
Jorge de Blas

Ansgar Denner
Alexander Grohsjean
Wolfgang Kilian
Frank Siegert

BKtautau (FLAV)
T. Miralles

S. Monteil

A. Wiederhold
M. Kenzie

E. Manoni

P. Goldenzweig
J. Kamenik

EXtt (SRCH)

Nuio Castro

Marina Cobal
Gauthier Durieux
Roberto Franceschini

Maria Teresa Nufiez Pardo de Vera

Kirill Skovpen
Marcel Vos

TTthres (Glob(HTE))
Marcel Vos

Patrizia Azzi

Martin Beneke
Jorge de Blas
Matteo Defranchis
Gauthier Durieux
Roberto Franceschini
Andre Hoang

Adrian Irles

Yasuhiro Kiyo

Andrej Saibel
Reinhard Schwienhorst
Frank Simon

Filip Zarnecki

HtoSS (HTE)
Valentina Cairo
Taikan Suehara
Loukas Gouskos
Matt Basso
Caterina Vernieri
Valerio Dao

John Alison
Yotam Soreq

BCFrag/Gsplit (FLAV/PREC)

Eli Ben-Haim
Maria Ubiali
Andrzej Siodmok
Simon Plaetzer
Loukas Gouskos
Torbjorn Sjéstrand

ZHang (HTE(GLOB))
Ivanka Bozovic
Markus Klute

Sandra Kortner
Cheng Li

Gudrid Moortgat-Pick
Ken Mimasu

Wmass (PREC)
Paolo Azurri

Josh Bendavid
Martin Beneke
Stefan Dittmaier
Simon Platzer
Matthias Schott
Raimund Stréhmer
Graham Wilson
Jorge de Blas

TwoF (HTE)
AdrianIrles

Daniel Jeans

Freya Blekman
Mogens Dam

Jorge de Blas

Eram Rizvi (tbc)
Emanuele Bagnaschi

LUMI (PREC)
Ayres Freitas
Ivanka Bozovic
Mogens Dam
Fulvio Piccinini
Wiestaw Pfaczek
André Sailer
Maciej Skrzypek
Graham Wilson



