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Motivation

- Unclear which project will be built - but to get any, a strong e+e- community is required!
=> How can HEP community engage in e+e- Higgs Factory studies after Snowmass?

* Most can only spend only a small fraction of their time on “future topics”

=> lower threshold to contribute as far as possible
=> avoid duplication

- ECFA Study is not tied to a specific e+e- project:
- for people who hesitate to “sell their soul” to FCC or ILC or ... this could be the ideal place!

* minimum:
forum to present work and discuss science and detector requirements across projects

- even better: trigger actual joint work => focus topics
- support the use of common software and exchange of data-sets via Key4HEP

=> How can ILD engage and contribute?
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Purpose of Focus Topics - in the words of Aidan Robson
Chief Editor of the final report of the ECFA HF Study

€ Strategic priority is an e+e- collider
-> we need a strong e+e- community preparing it
(1) to encourage approval of a project
(2) to allow it to move forward immediately once green-lit
(experimental programme, detector systems)

€ Effortis limited and each individual project is under-resourced
-> projects should work together where possible
(1) to make scientific progress
(2) to stimulate new engagement and expand the community

€ The focus topics are intended:
(1) to bring people across projects to work *together* (i.e. even more than “coherently”)
(2) to bring attention to areas where analyses and analysis tools can be developed cooperatively
for the mutual benefit of all projects
(3) to provide a clear entry point and concrete studies to attract people to join the e+e- effort

*

The focus topics can therefore act as a vehicle for enhanced collaboration and new engagement

€ The detailed choice of topics attempts to highlight areas of shared interest across projects, where
there is interesting new scientific work to be done, which could be particularly attractive to new
participants by leading to small-author papers / thesis chapters. Tools (and person-skills) developed
along the way would naturally be expected to have a wider application/impact, beyond the physics of
the focus topic itself.

DESY. ECFA Focus Topics & ILD | ILD General Meeting | 7 March 2023 | Jenny List



Overview

- central entry point: https://indico.cern.ch/event/1044297/
- three (top-level) WGs
- WG1 Physics Potential opted for a substructure
* 16 focus topics
- for each, one sub-area within WG1 takes the lead

Overview

Activities

WG1 group activities
WG2 group activities
WG3 group activities
Committees

E-groups

Overview 2

Based on the recommendations of the European Strategy for Particle Physics Update, the European Committee for
Future Accelerators (ECFA) has launched a series of workshops on physics studies, experiment design, and
detector technologies towards a future electron-positron Higgs/EW/Top factory. The aim is to bring together the
efforts of various e*e" projects, to share challenges and expertise, to explore synergies, and to respond coherently
to this high-priority strategy item.

To set up the relevant structures and to define a path towards such workshops, an International Advisory Committee
(IAC) was formed, which established three Working Groups led by conveners from both experiment and theory:

WG 1: Physics Potential

Conveners: Juan Alcaraz (CIEMAT - Madrid), Jenny List (DESY), Fabio Maltoni (UC Louvain / Bologna) and Jorge
de Blas (Univ. Granada)

More information on WG 1 activities

WG 2: Physics Analysis Methods
Conveners: Patrizia Azzi (INFN-Padova / CERN), Fulvio Piccinini (INFN Pavia) and Dirk Zerwas (IJCLab/DMLab)
More information on WG2 activities

WG 3: Detector R&D
Conveners: Mary Cruz Fouz (CIEMAT Madrid), Giovanni Marchiori (APC Paris), Felix Sefkow (DESY)

While the first two working groups began their work in spring 2021, the third one was formed later, after finalisation
of the ECFA Detector R&D Roadmap.

To initiate the activities, discuss the status quo, and define the work programme a first Informational Kick-off
Meeting was held online on Friday 18t June 2021, with more than 400 participants. This is being followed by
further meetings organised by the working groups in preparation of community-wide plenary ECFA workshops in
2022, 2023, and 2024.

- WG2 and WG3 contribute on the relevant performance aspects

- currently, expert teams are being formed on each of the topics, will define the more detailed work program
=> we (ILD) should support this by helping to find currently (or in the past? or possibly future?)

active people in ILD
* ILD people in ECFA-HF-WG1 (besides JL):
- Junping, Marcel => GLOBal Interpretations
* Filip => SeaRCHes
- Adrian => PRECision
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Table 1: Overview of focus topics and relevant center-of-mass energies.

Focus Topics

relevant /s
topic lead group 91GeV 161 GeV 240/250 GeV  350-380 GeV > 500GeV ?
1 HtoSS HTE X X X
2 ZHang HTE (GLOB) X X X
3 Hself GLOB X X X
4 Wmass PREC X X X
5 WWdiff GLOB X X X
6 TTdet HTE X
7 TTscan GLOB (HTE) X
8 LUMI PREC X X X X X
9 EXscalar SRCH X X X X
10 LLPs SRCH X X X X X
11 EXtt SRCH X X
12 CKMWW FLAV X X X X
13 BKtautau FLAV X
14 TwoF HTE X X X X X
15 BCfrag FLAV (PREC) X X X X X
16 Gsplit PREC (FLAV) X X X X X

? not main target (apart from topic 3), listed for completeness
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1 e+e— — Zh with h — ss (Z — anything) at Vs = 240..250 GeV

theoretical, phenomenological and MC generator targets

BSM models predicting deviations in h — s3, e.g. SUSY
s5 vs. bb in BSM models: gain from s5?
flavor assumptions in EFTs: decouple 3rd from 1st/2nd family?

target physics observables

— projected precision on branching fraction, and differential cross-section in cos

ete” — Zh with h — ss (Z — anything) at /s = 240/250 GeV

BR(h — bs)?

target methods to be developed

charged hadron ID from dN/dx, dE /dz, ToF, RICH
reconstruction of in-flight decays, e.g. K g — 7t~
strangeness-tagging

S Vs § separation

control of strange-tagging related systematic uncertainties

target detector performance aspects

- joined SiD / ILD Snowmass study:

« Valentina Cairo, Matt Basso, Jan Strube
=> first study based on ILD full sim +
cheated Kaon-ID

 Ulrich Einhaus, Bohdan Dudar
=> realistic Kaon ID, with dE/dx and ToF;
algorithmic developments, PID tools

— dependence of the precision on physics observables on particle ID and reconstruction capabilities

DESY
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1 e+e— — Zh with h — ss (Z — anything) at Vs = 240..250 GeV

theoretical, phenomenological and MC generator targets * jOined SI D/ILD SnmeaSS StUdy:
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=> first study based on ILD full sim +
cheated Kaon-ID

— flavor assumptions in EFTs: decouple 3rd from 1st/2nd family?

target physics observables « Ulrich ElnhaUS, Bohdan Dudar
— ete” — Zh with h — ss (Z — anything) at /s = 240/250 GeV => realistic Kaon |D, with dE/dx and TOF,
— projected precision on branching fraction, and differential cross-section in cos 6 . .
projectee P s ‘ algorithmic developments, PID tools
— BR(h — bs)?
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2 Differential cross-sections in e+e— — Zh at Vs = 240..250 GeV and 350 GeV

CP study H->tautau by Daniel
anomalous HVV couplings by Tomohisa
H->ZZ* by Evgeny

H->WW* by Mila

.« .7

theoretical and phenomenological targets
— definition of C'P observables

— inclusion in EFT fitting codes
provide benchmark(s) for new operators to be probed

— global interpretation of CP properties in Yukawa couplings and couplings to vector bosons

— comparison of theory predictions and MC generators for ete™ — ffh

target physics observables 3

x10~
——

ee"-uuH @ 500GeV

P(e.e")=(-100%.,+100%)

In the Lab. frame

— ete™ — Zh: precision on differential cross-sections wrt production and decay angles, with A —
ZZ*|WW*|Z~
+

e
(Z)ff

— eTe” — Zh: precision on differential cross-sections wrt C'P angles from Z — ee/upu — and
Z = 717/qq

I
|

20

1/6 do/dAD™™

target methods to be developed
— T reconstruction
— g vs g separation (jet charge, leading hadron charge etc)

— angular reconstruction
— optimal observables?

impact of b,

—-b,=-1 —b,=0

—-b,=+1 --- EZ=+I w/o SM

target detector performance aspects

— dependence of selection efficiencies / purities and of precision of angular reconstruction (pro- 00 - 2' — 21 —

duction, decay, C P), precision of h restframe reconstruction on vertexing, tracking, hermeticity, plgne
calorimeter granularity, availability of charged hadron ID and/or V0 reconstruction (Z)ff
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3 Determination of the Higgs self-coupling

- existing ZHH / vwHH by Claude, Masakazu,

theoretical, phenomenological and MC generator targets

— Interpretation of triple Higgs couplings assuming measurements are either around values close to J un pl ng
the SM or far away (at BSM values for specific models). . .
— Multi-Higgs interactions involving additional Higgs bosons (in specific BSM models). * E FT flttl ng . J un pl ng e
- new ZHH analysis by Julie
target physics observables . A .
. .
— Single Higgs observables at 250 + 350/365 GeV: SI D/ C 3 ’ Caterlna & StUdent
— for indirect determination of Ky = A3/A3 sm): EFT approach (k) = 1) vs. concrete models .
(kx # 1)
— for indirect determination of multi-Higgs interactions involving also extra Higgs bosons. . o
Can these contributions be disentangled from the SM-like Higgs selfcoupling? Study the 400 ' SRS ICILIPL .ZHH (llbbbb)
distributions. Is there are an optimal energy scan? N R RN B zzH (1qqH)
— What can be improved substantially by using diHiggs production measurements? Kty BRI .
— Di-Higgs production of light BSM Higgses? 300 e __
target methods to be developed 200 . _:
— Precision in determination of single Higgs processes -
— EFT: effects from other operators entering in single Higgs at NLO that can affect the determination -
of the Higgs selfcouplings 100 E ._,_
target detector performance aspects 8¢, &5
— b-tagging, reconstruction, ... OO ' 100 0 300 400

2
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4 W Mass from Threshold and Continuum

- theory predictions and MC generators

- detector-level studies including mass
reconstruction techniques

- systematic limitations and calibration strategies

« ILD: Graham & Justin

x10°

N L T T — T '
4GC-J, 600 ., [ Signal —
e 1 JUE e -
L B E g :erm
=z - 8 SM Higgs

400 - -

200

0
40 60 80

DESY. ECFA Focus Topics & ILD | ILD General Meeting | 7 March 2023 | Jenny List

100 120
M,, [GeV]

312 Unpolarized With Beamstrahlung] =~ = ™ T
RS~ my = 80.29 GeV g
c109 | —— my =80.39 GeV —
2 m,, = 80.49 GeV -
8 N
w 8 —
d L
)] L
n L
S 6l §
= 40 ]
2 — —
O C Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il 7'
150 155 160 165 170
s (GeV)
Measured and Gen. Mass Difference
%016?‘ T T | T T T | T | T T T | T T T | T T Iﬂ
% - WW- qquv eLpR
20.14 — \;&:},,/ Excluding y y removal and selection
0.12|— .
0.1
0.08
0.0
0.04f
0.02
T R R R mec;solgenueo
Mg - Mg [GeV]
9



5 Differential Cross-sections in WW and evW

« past activities at DESY (Jakob...), none currently

- comparision of theory predictions and MC . new PhD student in CERN EP-SFT on e-
generators reconstruction, evW one benchmark application,

- detector-level studies including full differential but not exclusively ILD
angular information

+ reconstruction of CP angles AgZ[1073] ) 80300, 2307

- optimal observables L 0 1 — Ei"a?"zi?ﬁ’f

- interface to global interpretations ] ‘ 1 £ (0,0), 10ab™

- CP violating operators and other effects beyond _ /o/ o Ak, [1073]

“standard” TGCs &
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6 Detector-level simulation study at a typical ttbar threshold energy
7 ttbar threshold scan optimisation

ILD
- ttbar 500 GeV studies by Roman’s group
- detector-level studies of total & differential cross- * past activities at | |
section, asymmetries, CP observables - MPI (Frank Simon / Katja Seidel)
- detector requirements and reconstruction/analysis ~ * CLICdp: Warsaw (Filip et al)
methods * in context of ECFA study, Marcel volunteered to
- interface to global interpretations take the lead on these topics
. mi+T+y +a+B ©  CLICdp
- theory predictions and MC generators ' m e '
 backgrounds, polarisation, energy-step optimisation M+ o +B 2

50} Mt

* interpretation incl. “classic” threshold scan parameters

as well as electroweak coupling parameter extraction,
also CPV

O, [MeV]
5

30}
o ©0°
o 000

°
o o oo o g‘

20

I- I— I, ,1
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8 Luminosity measurements from low-angle Bhabhas

- theory and MC generators: comparison of state- ILD

of-the-art and ultimate requirements - detailed study by Ilvanka at 500 GeV / 1
- detector-level simulations at all Vs, including TeV |

backgrounds etc - lower energies: for CEPC

measurement strategies
requirements on LumiCal: resolutions,

alignment = - ¢

3 Ecm rec - CONtrol histogram 3 " — Ecwirec - CONtrol histogram
© Ecm rec - UNcorrected © —— Egreo - UNCoOrTECted

10°F Ecm rec - COrrected 10— Egy e - COMrected

ﬁcoll > L, Bcoll > " (x100)
10°E 10°E
....I....l ........ [P BT R Era PO T T S [ TR T T ..mmn".n.l....
300 400 500 600 700 800 900 1000 800 850 900 950 1000 1050

Eoy (GeV) Ey (GeV)
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9 New EXxotic Scalars

ILD
« past study by Yan Wang (recoil)

- staus by Teresa
c .7

Have direct contact with Filip

@250 GeV ILC with 2000 fb! luminosities
——— ——

................... E.................. .E............... .IL.D p.reliltnir‘.ary. =

50 100 150 200

M. (GeV/c?)
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Theoretical and phenomenological targets

Search for invisible Higgs boson decays will be one of the primary targets of the precision Higgs studies.
Any excess above the invisible BR of about 0.1% predicted by SM (H — ZZ* — 4v) will be a direct
evidence for BSM contribution. Additional invisible Higgs decay channels are predicted in many models,
in particular in those with extended Higgs sector.

Many scenarios have been proposed where additional scalar particles can be light, with masses
of the order of, or even below the mass of the Higgs boson observed at the LHC [5, 6]. Searches for
additional scalar particles, which could be produced at the Higgs factory, are a natural extension of the
Higgs boson studies. Same analysis methods can be used, looking for the similar decay channels (e.g.
bb, 7+ 7~ or invisible decays), but relaxing the constraints imposed by the SM predictions. Non-standard
decays channels of new scalar (e.g. decays to long-lived particles) can also be looked for, similarly as
they should be addressed for the 125 GeV Higgs.

For light new scalars, or for higher collision energies, single scalar production in the WW fusion
process

ete” svig

can also be considered, as well as pair production of new scalars. Depending on the considered model,
production processes involving other exotic particles are also possible.

Target physics observables

Recoil mass reconstruction is the primary method for identification of the SM-like Higgs boson produc-
tion events and can also be used for new scalar searches. In fact, precision of the recoil mass reconstruc-
tion is the leading factor determining the search sensitivity.

Target methods to be developed
Target detector performance aspects

Depending on the process/signature considered, different detector performance aspects are relevant. All
aspects can be important:

— flavour tagging (in particular b-quark and 7-lepton tagging) for scenarios with new scalar particle
decaying to heavy fermions,

— lepton identification for leptonic Z decay reconstruction,
— jet energy resolution for hadronic Z decay reconstruction and background suppression,
— detector hermeticity, for proper reconstruction of invisible decays.



10 Long-lived particles

ILD

« VO / Kinked signatures / dE/dx
- DESY / Warsaw / KEK

Have direct contact with Filip

‘w.,,

Y
A
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Theoretical and phenomenological targets

LLPs is a signature-driven topic that could connect to most BSM models. In the context of e ™ e~ colliders
the possible targets include but are not limited to:

— Exotic decays of the Higgs boson

— Heavy Neutral Leptons with low couplings
— Axion-like particles

target physics observables

While LLPs present a variety of non-mainstream signatures, a few target physics pbservables can be
identified such as:

— Displaced tracks and vertices in the tracking volume, disappearing tracks
— Uncommon energy loss patterns, seen in dE/dx

— non-pointing, delayed photons in the calorimeters, from which timing would be important

— Out-of-time decays, as jets in later beam crossings, preferably in the empty ones (Slowed-down,
stopped particles)

— Uncommon time of flight measured in the muon spectrometers/calorimeters
— Non-standard jets: emerging, track-less

Target methods to be developed

— Reconstruction of displaced tracks and vertices

— Tracking algorithms able to reconstruct anomalous dF /dz patterns
— Timing capabilities, precise track timing

— Jet reconstruction algorithms, jet taggers

— Background estimation: instrumental background, cosmics

Target detector performance aspects
— Tracking
— Timing

14



1 1 EXOt i C TO p d e C ay S 11.1 Theory and phenomen.ol.ogical 'targets

Following the proposal of [1] it is possible to have BSM decays of the top quark into new scalars and
light quark flavors.

Most past searches focuses on ¢ = h, but it is possible to have other scalars as well. Considering
scalars other than the Higgs boson also frees up from constraints that may push the interesting level of
BR to be too small to be tested at the HTE factory. In general the “generic scalar” search will encompass

i the Higgs b bcase.
CL|Cdp (and gene”C) e Higgs boson as a subcase

Current search at the LHC on 139 fb—! is presented in Ref. [2]. The case ¢ — bb has been pursued

paSt StUdy on FCNC tOp decayS by F|||p for ¢ = wu,c, finding an upper limit on the BR around the few 10~* ballpark for 20 GeV < my <
160 GeV.

Have direct contact with Filip Main goal:

— quantify the reach of the HTE factory to go below the HL-LHC limits at BR(t — ¢¢) < 1074
the ¢ — bb channel

Possible points for development and contribution:

— Lighter ¢ between 10 and 20 GeV can be explored in the bb channel to extend the reach of LHC
— Other decay modes of ¢ can be considered, e.g. ¢ — 7, especially for my < 10 GeV.

Expected limit

11.2 Methods and performances

Tagging of low-energy b quarks can be explored for light ¢ search and can be reused in a number of other
scenarios where light sources of heavy flavors emerge.

—o—- 50%/\E —
- —— 80%/\ E hadromc decays only I
10 5 ——-l__l__: ________ PR S S S R R S R S i i 1 __:_1__A__:_‘
0 500 1000 1500 2000 2500 3000

Integrated luminosity [fb™]
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1.0 E 5
W-decay separation: s/c vs. d/u
~in 500 GeV H to WW* events

12 CKM matrix elements from WW

0.8 ...................... N ....................... ..................... -
theoretical and phenomenological targets :
The knowledge of the magnitudes |V,s| and |V,| from W decays provides a consistency check of the 0.6 : %,
unitarity of the CKM matrix. The comparison of the | V| magnitude to its indirect determinations in- ;) T A Vo, oy ~:- ______________________________ -
ferred from leptonic charmed meson decays is a direct test of the SM decay constant parameters. The ? % "... %,
measurement of |V,;| with on-shell and boosted W decays might shed light on the longstanding discrep- a e, o, %

ancy observed in exclusive and inclusive determinations of |‘/cb| obtained from Semj]eptonic decays of 04 N ..OQBO g -
b-flavoured particles. Furthermore, the |V 3| magnitude controls the normalisation of the unitarity tri- | . ’

angle. A quasi-model-independent global analysis of neutral B-mesons observables will benefit of an * o Oapjar = 2.6%, AUC = 0.68
improved precision at the horizon of 2040 (Ligeti at al., 2020). o o O4p/dz = 4.5%, AUC = 0.63

0.2r
e o O-dE/dI = 7.0%}, AUC = 0.57
e o adE/dAl' = 10(70, AUC = 0.52

target physics observables

— |Ves|: from counting the number of W issuing quark jets from c and s quarks.

I I I

— |Vep|: from counting the number of W issuing quark jets from ¢ and b quarks. 0'8_0 0.2 0.4 0.6

efficiency
target methods to be developed
. . . . ILD
— exercise quark-jet flavour-tagging (s, ¢, and b-tagging) at /s > myy. ) . .
— exercise PID with a dedicated Cerenkov detector. * PhD thesis Uli EllnhaUS
* new flavour tagging developments

target detector performance aspects (cf. H->ss, also b/c tagging with ML,

— Question the need for hadronic particle identification p/ K /7. Marei ke, Tal kan et al)

— Assessment of the required jet flavour-tagging global performance.
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13 B0 -> KO*tau+tau-

Target physics observables

The B — K*71t7— was considered in Ref. [?] as a mode to test the b — s7 7~ transition. While
the two neutrinos emitted from 7 decays complicate the experimental search, an excellent reconstruc-
tion of all the vertices, considering hadronic 7 decays, can help to close the kinematics of the process.
Ref. [?] also considers tau polarization as a further observable to disentangle the Standard Model from
the possible New Physics contribution.

Target methods to be developed
— At hand but to be refined: topological reconstruction. ILD
— Secondary vertex fitting algorithm. « 7?7
« Z pole full sim?
with ILC & FCCee variants of
ILD?7?7?

Target detector performance aspects
— Transverse and longitudinal vertex resolutions
— Pixel pitch, distance to the interaction point, curvature of the layers ...
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14 Two-fermion final states (MZ and beyond)

ILD

theoretical and phenomenological targets . above Z:
- Theory predictior.ls on 2-fermion ;‘)rod.uction on and off the Z pole; interpretation of observables Roman. Adri é.n Daniel. Taikan
including constraints on four-fermion interactions. ’ ’ ) y
target physics observables + Z p0|e fU I Sim ?
— Detector-level study of precisions on total and differential cross-sections as well as asymmetries, with ILC & FCCee variants of ILD???
for 7’s including the 7 polarisation.
«10° [Cut + Cut, + Cut ([sin6,)] «10° [Cut + Cut,, + Cut ,(Jsin6,/)]
S [ e 5 4a qrunosh bsocev, 2som’ | S 016 - oua: - da, q-udosh, 2s0Gav, 250" | | [
target methods to be developed S 09 - : sTUE E
— strange tagging (see topic 1) 8 [ 1bb i S04 b g
— separating lightest families (u and d) using radiation (after tagging heavy families)? E 04 - 5212 e R E 0.12 .
as}—ﬁmy - 01F E
target detector performance aspects 0.08
— Dependency on detector performance (vertex charge, Kaon-ID,...) 02 B 0.06
o 0.04
. 0.02
0 ﬂrrmvrvﬂIIvIWﬂVWIW”MMVWWMMM 0 . Y o
0 0102 03 04 05 06 07 08 09 1 0 0102 03 04 05 06 07 08 09 1

|cos| |cosby|
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15 B-/C-fragmentation functions and hadronisation rates

theoretical and phenomenological targets (FM)

— Are existing hadronization models (strong fragmentation, cluster fragmentation) flexible enough,
or do we need new ideas?

— Identify calibration observables that are well understood theoretically and unaffected by BSM ||_D

physics. « PhD Paul Malek

— Treatment of photons and gluon splitting (see also next section).

— Seealsohttps://indico.desy.de/event/33640/contributions/130328/attachments/77658/
100472/ECFA22_Hadronization.pdf

- PID tool activities (U. Einhaus, B.
Dudar, ...)

target physics observables
— Event shapes, angular distributions
— Fragmentation functions

target methods to be developed
— Demonstration of fit to a respresentative set of observables for hadronization calibration.
— Critically evaluate achievable precision.

target detector performance aspects
- TBD
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16 Gluon splitting into bb / cc, interplay with H->gg/cc/bb

theoretical and phenomenological targets
— How to consistently implement gluon splitting in parton shower tools (modeling and free paramet-

ers)
target physics observables ILD
— 3/4-jet events with multiple heavy quark ids. .
— Jet subtructure observables with hadron tags inside jet. * past studies on H->g g/ cc/bb by

Masakazu, Felix Mueller, Hiroaki

existing tools / examples

— Pythia (?), Sherpa (?), ... » nothing on gluon splitting?
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Conclusions

- start discussion how ILD can and would like to contribute => physics coordinators & physics WG conveners
* people?
- MC?
- 250 GeV in good shape (even if PID etc needs reprocessing to get latest & greatest) => anybody could start working

« 350 GeV “ancient” (DBD) - do we need a re-sim/rec here? At least partially (eg ttbar and dominant backgrounds)?
Or even brandnew Whizard 3 + Pythia 87

* 161 GeV / Z pole - never done?
- Do we want to go there in full sim?
« ILD@ILC and/or ILD@FCCee?
« SGV ?
- tie all this strongly to
- tool developments, ML, QC, ...
- detector requirements & performance

* pay a lot more attention to systematics, include techniques for their control
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