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FCFA Higgs/EW/Top Factory Study

 |n 2021, ECFA launched a series of workshops on
physics studies, experiment design, and detector
technologies towards a future electron-positron
Higgs/EW/Top factory.

e After the successful meetings at DESY (2022) and
Paestum (2023), the final workshop was organised in
Paris last week.



Structure of the study

3 working groups:
e WG1 - Physics Performance:

o Global Interpretations
o Precision

o Higgs/Top/EW

o Flavour

o Searches

* WG2 - Physics Analysis Methods
* WG3 — Detector R&D

this talk




This talk

"WG1" corresponds to:
* 49 parallel talks (9 sessions),
13 plenary talks,

* 3 posters.

* | will also briefly comment on the ECR activities.



Disclaimer

Personal highlights of the highlighted person:
sorry for possible omissions!




HTE: H—>ss

Motivations

Measurement of Higgs couplings to
quarks and gluons at FCC-ee

Yukawa coupling

T
mf= vyf

Coupling-mass relation for
/ fermions in the SM

Deviation from SM — Possible BSM physics
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10 107
Particle mass [GeV]

Fully hadronic represents 80% of the Higgs decays

Higgs decay H—bb H—WW/ZZ H—gg H—cc H—oss (H—T)
BR 577% 1% 8.6% 2.9% 0.024% (6.2%)
“only one Observable at FCC-ee
observed to
this day

Coupling HL-LHC
xw (%) 1.5°
kz[%) 1.3*
g [%0] 2*
Ky [%0] 1.6*
K Fy [%] ][lk
Ke [%] -
ke [%] 3.2*
Ky %) 2.5*
e (%) 4.4°
ke [%] 1.6*

BRin (<%, 95% CL) 1.9
BRunt (‘:%1 95% CL} 4.

Also possible future observation of Flavour-violating

decay

ECFA 2024 Paris - Alexis Maloizel - Higgs hadronic couplings at FCC-ee

2
talk by A. Maloizel
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Events categorization - 240 GeV
We train a Neural Network to categorize the events in each signal channels

. L - - L @ Ll
Z(vv) Confusion Matrix Z(ll) Confusion Matrix Training variables
Hbb Hbb
Hcc SRae U 045 80
Hgg Hgg
E 60
; e 0.01 0.28 R 0.0086 0.33
2
= a0
SR 0.074 2 HwWW R
HzzZ HzZ B | # "jet2 isTayr, W _V1510i€
Htautau Htautau
Hi)b Hce Hgg Hss HWW HZZ Htautau Hbb Hce Hgg Hss HWW HZZ Htautau 0
Predicted label Predicted label

Training variables consist of output scores of a
ParticleNet jet tagger which runs after reconstruction ||
+ some additional kinematic variables improving
sensitivity in some channels

-1

ECFA 2024 Paris - Alexis Maloizel - Higgs hadronic couplings at FCC-ee M ibje (NOrmalized) 5 o)
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https://indico.in2p3.fr/event/32629/contributions/142635/attachments/87448/131997/ECFA_MALOIZEL_HiggsCouplingsZHFCC_fin.pdf

Conclusion & prospects
Promising results at % level in some categories

Achieved full combination at 240 GeV. Combination at 365 GeV is WIP
Need to disentangle VBF from ZH and extract couplings from the fit

Include FV-violating samples and uu/dd channels

Expected sensitivity (%) of o(ZH).BR(H—>jj) at 68% CL

240 GeV H—bb H—cc H—gg H—ss
Combined (BNL) @ 0.21 1.66 0.8 104.99
Combined (APC) | 0.22 1.65 0.93 121

ECFA 2024 Paris - Alexis Maloizel - Higgs hadronic couplings at FCC-ee

Full-simulation ILD study expected in a few days...

L =10.8ab-1
H—2Z H—WW H—tt
10.07 116 3.97
9.56 m 3.79

17
talk by A. Maloizel
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HTE: Higgs self-coupling

Annh: Very large deviations from the SM value possible!

Self-Coupling Dominance

No obstruction to having Higgs self-coupling
modifications a “loop factor” greater than all other
couplings. Could have

0p3 , Ao\ 2 M\? “Higgs self-
5 B Mg Lrridheld  —F coupling, ...
VvV b g arguably
- , : : the most
without fine-tuning any parameters, as big as, important of
them all!”

(4mv/mp)? ~ 600

which is significant! Durieux, MM, o
& inias e talk by G. Weiglein

7
Physics case for an e*e- collider at 500 GeV and above, Georg Weiglein, 3rd ECFA Workshop on e+e- Higgs, Electroweak and Top Factories, Paris, 10/ 2024
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Probing New Physics with the trilinear Higgs coupling

» Large effects from New Physics possible in A

due to radiative corrections from extra scalars,
e.g. at leading order

| , +h h
Higgs boson I m— ;"‘ e S
. ~ " ‘: " ‘\ r’
- g \ 1 v
h -----. : h - "‘
I
AN 2N
%

New scalar(s) I \“\ h ! h

2(M? —m2)

Jhhed = — 5
v

» Comparing latest exp. bounds

—1.2 < k) = Arhh < 7.2
‘ A ()\(0) )SM [AT‘LAS 2024]
hhh

with precise theory predictions for A, provides a

powerful new tool to constrain BSM models
[Bahl, JB, Weiglein Phys.Rev.Lett. ‘22]

DESY. | ECFA 2024 | Johannes Braathen (DESY) | 10 October 2024

QHDM t-'r']'JE"I o= d - :IT,!'2 m;‘ = ”‘1”‘- U = mH = Gl’]ﬂ (:e‘u’ tan i_ 2

— [Bahl JB, Waglem Phys Rev Lett 22]
——_——— [1]
K,
20+ Excluded by the experimental -
- ! bound on #)y:
=
E r.il] > kYT = 6.3 (cwrrent)  Limits from
== — k¥ > kPP = 6.3 (current) [ATLAS PLB 2023]
z - | — [IL LHC projection
H;-n:: 15 "> kﬂ' LHC — 9.3 (projection) T
I | l"mlurlr d by NLO pert. unitarity
=
¥
].U i ’!J:-
kYT = 6.3 (current)
| l allowed (current) I e
a I '}'. 7
L - I_.,."'
r.'!,"L_L'"(' = 2.3 (projection) I_,.-"‘" I
CesssssseEssssEsEEnas T " |
=k |
1 = L . .
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ma [GeV]
Page 7
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(i) di-Higgs: updated projection AAHHH

talk by J. Tian

* two production channels combined at all ¥'s: WW-fusion channel rapidly
becomes useful just a little above 500 GeV

 luminosity now also scaled proportionally to v's

) I I L A O A A
o~ IR el e+ >ZHH | i )
< g S €7+€ >VVHH .
~ , ZHH & vVHH Combined '
S 10° ot
IR Y G S A
o S S ————
10 o Db s
Co I - 1
500 1000 1500

note: this is still based on old ILD DBD analysis

Discovery can
be guaranteed

ILC500: 23%
ILC550: 20%
ILC600: 18%

11
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Conclusions

The Higgs self-couplings are crucial for gaining experimental access to
the Higgs potential!

Direct measurements with the best possible precision are needed!
CEPC and FCC-ee will not be able to tell us much about the Higgs
potential beyond what we will know from the LHC

An e+e- Linear Collider with c.m. energy of at least 500 GeV can
directly measure Annn in the Zhh production processs: qualitative game-
changer compared to capabilities of lower-energy Higgs factories

This, in combination with the significantly extended reach for BSM
searches, is a strong motivation for designing a future e+e- Higgs
factory such that an upgrade to at least 500 GeV is possible

The highest-energetic lepton colliders provide sensitivity for talk by G. Weiglein
constraining the quartic Higgs self-coupling 27

Physics case for an e*e collider at 500 GeV and above, Georg Weiglein, 3rd ECFA Workshop on e+e- Higgs, Electroweak and Top Factories, Paris, 10/ 2024 12
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Triple Higgs production: HL-LHC vs. lepton colliders

[P. Stylianou, G. W. "24]

1 L Unitarity

1 Z17Tevec2 /ab
] B 3Tevees /ab
B 10 TeV ¢4 10 /ab

% - - - LHC 5b 3/ab

—

7

K4

____________

-
................................

HL-LHC is competitive to 1 TeV lepton collider; higher-energetic ik by 6. Weiglein
lepton colliders have better sensitivity -

Physics case for an e*e" collider at 500 GeV and above, Georg Weiglein, 3rd ECFA Workshop on e+e- Higgs, Electroweak and Top Factories, Paris, 10/ 2024
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Precision: 2 fermions

SUMMARY

=The FCC-ee will (also) be a tau factory

—Very rich program! Exploit the huge sample (101) of e'¢™ — Z — 777~ decays
to measure the properties of the tau lepton, and derive stringent tests of the SM

=Precise measurements of lifetime, mass and leptonic decays
=Search for rare and LFV decays
=Study of Tau Polarization

=Beyond tau properties, taus are a important part of the Higgs and BSM searches
program: precise measurement of tau coupling, CP studies, dedicated searches

=Tau measurements pose demanding detector requirements on momentum
resolution, on the knowledge of the vertex detector dimensions, on e/p/m
separation over the whole momentum range, and require fine granularity and
high efficiency in the tracker and electromagnetic calorimeter

=|mplementations of tau reconstruction using full simulation (traditional and ML-
based) coming together for detailed systematic studies for detector optimization

“

talk by M. Cepeda
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separating u- and d-type jet events Krzysztof Mekata

based on Final State Radiation 4 coupling ratio uncertainty
I.q SCales as: ! | 4
[ had ~ (3¢cq + 2¢y) 10° 1
and M40, — I
| r f 3¢3cq + 297 [ |
had+~ ™ E (yCurt) q4Cd + 29,Cy )
The correction factor fly,,;) to be determined for a given value of the resolution parameter y,,. B 107
Wwe want to consigaer: assuming 100 b @ Z-me
+ — -
e"e” —qq(7)
) o ) o 1071 fit uncertainties
Expenmentallr measured photons can originate not only from the Final State Radiation but stat
also from the Initial State Radiation, hadronisation and decays... +  stat+sys
0 2 4 6 8 10 12 14

One may encounter the following issues:

« Matrix Element calculations — divergent or very slow for low photon-emission angles;
* ISR structure functions — good for small angles, a proper matching procedure needed;
* FSR showers —important for QCD emissions, may cause double-counting;

* hadron decays — photons to be included properly.

10

dedicated photon matching procedure essential !
talk by D. Jeans 15
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Precision: luminosity measurement

Transition from Bhabha to di-photon events

Di-Photon Basics Why is eTe™ — 7 so attractive?
ot v <t L do¥ N 2ra? [ 1+ cos? 6 Focus here on experimental things. The hope and expectation is that theory will
2 j?éx dlcosf| ~ s sin2 6 be able to keep up.
- E = e Bhabhas look very problematic for high-precision absolute lumi. It was even
Not so large. 40 pb at the Z (for 20°). not under control experimentally at LEP1. Beam-induced EM deflections
1302.3415 i S affected the luminosity acceptance at the 0.1% level (see 1908.01704).
o N , ’f‘«\ i ke e Di-photon process should not be much affected.
T2 e'e” — . : ]“Hl“\&\ @ Di-photons much less sensitive to polar angle metrology than Bhabhas.
1 F cosd< 009613 4 = &H“w\& .................................... o Di-photons less sensitive to FSR than Bhabhas.
% IE ~080 D — @ More feasible now with modern calorimeters to do a particle-by-particle
i '”” reconstruction. Likely easier with di-photons (no B-field effect).

1o . e @ Current detector designs are arguably over-designed for Bhabhas with
" e some compromises for overall performance especially for high energy photons
in azimuthal and energy reconstruction, and perhaps for hermeticity.

10 o0 80 100 120 140 160

@ Di-photons at very low angle is challenging! - but gives significant added

¢ £ LEP combined t T T — _ )
TR T R e i) 10(m) MO e value to the assumed clean measurements in the tracker acceptance.
180 185 190 195 200 205 210 T 91 39820 41043(5307%]  40870(4) 0431 26259 , . o . ) .
Vs (GeV) L L e So let's design precision forward calorimetry for electrons AND photons inspired

365 2.4752 25581 [+3.35%] 2.5438(3) [-0.58%] 50.373

by various ideas (and avoiding some of the compromises) of related designs,

Here 6, > 16° or 6, > 26° - o
20° < 6, < 160°, xo > 0.5 from 1906.08056 CALICE, ILD, SiD, CMS-HGCAL, ALICE-FoCal, Fermi-LAT.

Graham Wilson and B. Madison (Univ. of Kansas) ECFA Workshop, Paris October 9, 2024 Graham Wilson and B. Madison (Univ. of Kansas) ECFA Workshop, Paris October 9, 2024

talk by G. Wilson
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What about NP?

New physics already exclu-

e For FCC: A scales of = 1.7 TeV already excluded by other experiments?

o NotbyLEP2(A>0.7TeV = Aq, /0o, <4x107)
m But no problem if we wnt a luminosity precision = 4 x 10‘4_...

o qq—yy excluded for A <7 TeV scales (reinterpreting a limit of M_> 10
TeV on GRW large extra-dimensions)
m but this can only be strictly translated to the ee case assuming
universal new physics effects (For instance, we could still have
excited electrons at lower scales)

o ee—yy or yy—ee with high Q? at LHC?
m Not enough precision from ee initiated states, PDF uncertainties
dominate ee high mass final states, elastic scattering in pp—ee affected
by “proton dissociation” events, ...

e Anyway, running first at the HZ threshold, for instance, would be an

easy way to constrain any new QED physics at the Z pole
talk by J. Alcaraz

J. Alcaraz, 9 Oct 2024, QED studies at future e’e” colliders 1

17
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Ranges 95% (TeV~2)

Global: SMEFT

SMEFT fit for different colliders

EFT basis for the top sector

2-quark operators

EW dipole operators

Couplings of the t- and b-
quark to the Z
(¢'7D4e)

03p = (Q7'1Q I
- + =
0k =(Q1Q) (¢'iDuo)
(PT-"(BM"
Chromo-magnetic dipole op.

Ouw = (Or"c“"r) (s(p‘WL’W)

Ope(b) = (E(B)Yt(b)) O = (Q0""t) (e¢" Buy)

t-quark yukawa

]03
B HL-LHC B HL-LHC+ILC . _ A o) = . ¥
,| WM HLLHC+CEPC  WEEM HL-LHC+CLIC HEP[ 06 = (Qa*" T4t (e9" 1)) Oro = (Q1) (29" 9')
107 1 S :
[ HL-LHC+FCCee Bl HL-LHC+FCCee+uC 3 TeV I Jj: d-(Uiatkc operatars
o Couplings of light quarks with t- and b-quarks
1] (8)(1) 8)(1 (1.8)(1.1 8)(1) (8)(1) 3.8)(3.1) 8)(1)
10 Om)( Ogd)( ) 0%, )a.1) O(Qu( Ood)( qu ( qu
2-quark 2-lepton operators
104 Couplings of light leptons with t- and b-quarks
Oet Oft
10—1.
A Higgs/top/EW factory studies '24 28 marcel vos@ific.uv.es
1072
Studies in top sector
10—3
10
10754 _
G G oS ek C\%} oL P o ¢ G oe I e Ge

All e+e- colliders improve the bounds on the top sector dramatically
High-energy operation is important to provide the strongest global bounds

ECFA Higgs/top/EW factory studies ‘24

24

marcel.vos@ific.uv.es 18

talk by M. Vos
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Result: FCC-ee

Dataset input

EWPOs at the Z-pole

Light fermion pair prediction

Higgstrahlung and VBF

Gauge boson pair production

Top-quark pair production

Optimal Observables

Lint (Run time)
Fnergy (v2) FCC-ee CEPC
91 GeV (Z-pole) | 300 ab~! (4 years) | 100 ab™! (2 years)
161 GeV (2my) | 20 ab~! (2 years) | 6 ab™! (1 year)
240 GeV 10 ab™! (3 years) | 20 ab™' (10 years)
350 GeV 0.4 ab~! (1 years) |-
365 GeV (2m;) | 3 ab™! (4 years) | 1ab~! (5 years)

talk by J. ter Hoeve

Ratio of Uncertainties to SMEFiT3.0 Baseline, O (A~*) , Marginalised

=—sdr— HL-LHC =#— HL-LHC + FCC-ee
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talk by M. Peskin

An observable that is very sensitive to (z is the beam polarization
asymmetry in e+e- -> ZH.

In general, SMEFT operators are chiral and so corrections due to these
operators are sensitive to beam polarization. Then this can potentially
be used as a handle to improve the determination of SMEFT
parameters. This is true in the determination of the Higgs couplings,
and also in the determination of the VWW triple gauge couplings.

In both analyses, high e- beam polarization compensates about a factor
2.5 in luminosity.

In the Kk method, projections are independent of beam polarization.
This already indicates that this method is not general or model-
independent.

20
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Searches: exotic scalars

The scalar sector can
be extended in many
ways: singlets,
doublets, triplets...

Several constraints
coming from theory
(e.g. vacuum stability)
and experiment (e.g.
properties of the 125-
GeV state)

Possible models

2HDM parameter space for fixed cos (5 — «), Type |

TR, ArXiv:2409.19657

my = Ma = My+

[using thdmTools, Biekoetter ea, JHEP 01 (2024) 107]

Tania Robens Light Scalar Bosons ECFA 2024, 9.10.24

talk by T. Robens
21
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S — Invisible -

Results

1

AL

Kamil Zembaczynski (University of Warsaw)

Cross section limits for o(eTe™ — ZS)- BR(S — inv)
for H-20 scenario and unpolarized running with the same luminosity

Ix 103

a8 ]
X
=
=]
s

95% C.L. limit on o5 jnlTsm
—
o
L

6x 107

—e— pol,
pol. + syst, unc,
—e— no pol.

=l

R —

no pol. + syst. unc.

. Visible impact of systematic uncertainties

theory predictions: 0.2% for eTe
1% for "}"E":‘: and Yy

sample normalization: 0.2% for LR and RL
0.5% for LL and RR

Significant impact for Mg ~ My

80 100 120

ECFA2024 October 9, 2024

Light scalars at Higgs factory

AF.Zarnecki (University of Warsaw)

talk by A.F. Zarnecki
22
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| e
M s

N

S ILE

Results Barttomiej Brudnowski (University of Warsaw)
supervised by Maria Teresa Nifiez Pardo de Vera (DESY)
Cross section limits for o(ete™ — Z S) - BR(S — bb)

compared with previously presented results

*

| 1 T T T
50 100 150 200
Ms [GeV]

E [ L] T T T I T T T :*fr T T T T T T T T T 1 T T T i
mb R g mme OPAL, EPJ C27 {m.]f}ms,::i, -
= 1 E . #,'J ||.c:: zsnGe'u': " 3
)] - . *=7 aaaaa Full sim. afe's— Z8) dec. ind. .
Nt g {7 BB i) Order of magnitude improvement in the
u e'e —» b -
,I} 107 ¢ D - low mass domain, compared to decay
5 e I bl LE LR L b E independent search.
B e 3
— = 3
o - ] Limited by statistics of leptonic Z decays...
— —3
g f
. F N— — | ILD work in progress 3
0

A.F.Zarnecki (University of Warsaw) Light scalars at Higgs factory ECFAZ2024 October 9, 2024

talk by A.F. Zarnecki
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Training against 2f background (2f-mtva) Training against 2f background (4f-mtva)

Exotic Scalar mass 155 GeV Exotic Scalar mass 155 GeV
10 T T T T T ™ g T T T T T
g 1 : | _ _
s ° 15 | TMVA overtraining check for classifier: BDTG | s é [ TMVA overtraining check for classifier: BDTG |
&l 1= T g
E ) § -E i Sign'al (test sambie) " Signal hrainlng san’nple) ': b=l § 'E _i'SIgnal (1a4l sample) ! o Signal (irihlng sarrkple) 'E
:5 =z 10 '@ Background (test sample) * Background (training sample)—| i 2 7 Background (test sample) # Background (training sample)—|
z < 2 i test: signal (| g ) p! ility = 0.232 (0.069) 4 ¢ E... - Kolmog Smi test: signal (backg: i) probability = 0.735 { 0.6) 3
] ! E B t& n ! E -
o ? 2 T 8- — 2z 2 bl 4
acoplananly : : aceplananly =
of s £
I 1€ EH
1£ 3z
4+ ] 2 3 g
] % <
21 & £
- 4 5 3 §
° 4 N J 4,09
0 H ? g 5
-0.4 -0.2 0 0.2 04 0.6 8 K h 0.2 0.4 0.6
f BDTG response f BDTG response
A HELMHOLTZ EQ 7 HELMHOLTZ
| GEMEINSCHAFT CLUSTER OF EXCELLENCE | GEMEINSCHAFT CLUSTER OF EXCELLENCE
QUANTUM UNIVERSE 11 QUANTUM UNIVERSE 17

Full simulation search in di-muon final state at ILD

talk by T. Nunez
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Searches: heavy neutral leptons

An interesting option providing a DM candidate, baryon asymmetry,
neutrino masses... (depending on the model)

HNL: Dirac vs. Majorana and pseudo-Dirac properties

Symmetry-protected benchmark models (BMs) contain pseudo-Dirac HNLs

With care some properties can be correctly approximated by simpler BMs

Dirac BM

v' Correct production cross section

v Correct decay width

2 No LNV R =
4 Massless SM neutrinos

Majorana BM

v Correct production cross section
%2 Wrong decay width

V" Lepton number violation (LNV)
4 Generically too much LNV Ry=1
4 Generically too heavy SM neutrinos

Displaced vertex searches for Dirac HNLs Prompt searches for LNV with Majorana HNLs

Generically correct = Generically the bounds are too strong
= In many cases no bounds can be extracted
= Can be correct for some parameter points

— Model depended reinterpretation necessary

Detectable pseudo-Dirac HNL Viable alternatives

Finite LNV 0<Ry<1
= Tiny mass splitting O(meV)
Heavy neutrino-antineutrino oscillations (NNOs)
Damped oscillations due to decoherence

= Enhanced production e.g. W'-models
= Fine tuning

talk by J. Hajer
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Angular distributions used for model discrimination

Are there any discriminant variables?

Lepton emission angle in the N rest frame:

nts

Normalised eve

o
o
¥

05 1
cos(oy)

Normalised events

0.

o
et
&)

— Dirac

generator vs. detector

HNLs at et e™

i

- Majorana i ! L n
J-]f'r . 1 4

e ':-‘5{_' '].LL[ ]

_-.1 —0|.5 0.|5 1
cos(og™)

CLIC 3 TeV
10.10.2024 12/17

colliders

LC talk by K. Mekata

The analysis - Dirac/Majorana limits

1) Toy models used to define variables separating Dirac/Majorana:

*  Pure Dirac model

* Majorana model: two Majorana neutrinos with Am mass split

2) Once the variables are definded:

arkiv 240801382

* study distributions of discriminant variables for SPSS model in parameter space defined by (I, Am)

cos(6,)
(HNL rest frame)

Dirac 1 neutrino cTg..=0.03 mm

=

w

=]

o
T

Events/bin

1000F

500F

[ cos 8,>0
[ cos B,5<0

R i)

—05 00 05 1.0
cos 6, (HNL rest frame)

Events/bin

Majerana 2 neutrines €Ty =0.03 mm Am=743.0 yev

[
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(=]
o

1000

500F

Majorana

[ cos 68,i>0
1 €os B,s<0

01g

=05 0.0 05 10
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FCC talk by N. Valle
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https://indico.in2p3.fr/event/32629/contributions/142562/attachments/87301/131775/Mekala_heavy_neutrinos_ECFA24.pdf
https://indico.in2p3.fr/event/32629/contributions/142560/attachments/87547/132152/HNLecfaPoleselloValle-upl.pdf

Searches: long-lived particles

Motivation

Particles with macroscopic lifetimes naturally appear in numerous BSM models

Three main mechanisms are responsible for that...

1810.12602 || Small coupling | Small phase space | Scale suppression
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https://doi.org/10.1098/rsta.2019.0047

Multiple LLP searches at the LHC, sensitive to high masses and couplings

« complementary region could be probed at e*e™ colliders (small masses, couplings, mass splittings)

* typical properties of feebly interacting massive particles (FIMPs) — challenging for hadron colliders talk by J. Klamka

_ Jan Klamka, LLP searches with the ILD experiment 2 .



https://indico.in2p3.fr/event/32629/contributions/142554/attachments/87560/132281/jklamka_3rdECFA.pdf

detector-oriented study vs. "proof of concept”

fu Strategy

ILD especially promising with a TPC as the main tracker
— we want to investigate experimental aspects

— study based on full simulation

o Study such challenging signatures from the
experimental perspective

— experimental /kinematic properties, not points in a
model parameter space

» Focus on a generic (and most challenging) case — two
tracks from a displaced vertex

* No other assumptions about the final state, approach
as general as possible

 100ctober2024
ILC talk by J. Klamka

Jan Klamka, LLP searches with the ILD experiment

Simulation and analysis of long-lived scalars @ FCC-ee

Typical workflow

FCC talk by M. Vande Voorde
7

Sample generation of models Parametrised detector

e MadGraph5_aMC@NLO for simulation
« IDEA DELPHES card

Analysis tools
« FCCAnalyses
framework
Sensitivity to

studied model

parton-level e'e”
e PYTHIA for parton shower
and hadronisation

» The scalars can be simulated with the MadGraph5 HAHM model (arXiv:1312.4992, arXiv:1412.0018)
« Simulation of background processes

* SM processes in the Winter2023 campaign
» Centrally produced samples within the FCCAnalyses framework
« Sample generation with Pythia8 or Pythia6 + Wizard
« 37-107 raw WW events, 56-108 raw ZZ events and 32-10 raw ZH events (all with inclusive decays)
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https://indico.in2p3.fr/event/32629/contributions/142554/attachments/87560/132281/jklamka_3rdECFA.pdf
https://indico.in2p3.fr/event/32629/contributions/142563/attachments/87573/132187/LLPsExoticHiggs_ECFAWS.pdf

ECR activities

"By the time a future collider is built, today’s
ECRs will be the ones leading it."

e 2 sessions (a lunch break + just before dinner)

* anintroductory talk and a lot of discussion
mostly by young people

(but some senior scientists really want to be included...)

* follow-up: ECFA Plenary Meeting in November



ECR attitude

We want a” collider soon™".

* —if it's a very bad proposal, some people might leave the field
** —to be defined

not to be forgotten: stable funding, career planning,
sustainability
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Summary

* Productive event with a lot of inputs and discussions

* Higgs boson, top quark, EFT, BSM...

* Tense atmosphere (FCC vs. ILC)

 ECRs want to be included in the process!

* Final report to be submitted by March 31st (talk by A. Robson)
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https://indico.in2p3.fr/event/32629/contributions/140484/attachments/87706/132438/ecfaHiggs_reportPlans_paris_v1fixlink.pdf
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