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Preliminary Investigation of a Higgs Factory based
on Proton-Driven Plasma Wakefield Acceleration

Tuesday, 9 July 2024 09:40 (20 minutes)

A Higgs Factory is considered the highest priority next collider project by the high-energy physics
community. Very advanced designs based on radio-frequency cavities exist, and variations on
this approach are still being developed. Recently, also an option based on electron-bunch driven
plasma wakefield acceleration has been proposed. In this article, we discuss a further option based
on proton-driven plasma wakefield acceleration. This option has significant potential advantages
due to the high energy of the plasma wakefield driver, simplifying the plasma acceleration stage,
and due to the breadth of particle physics research it will make possible. Its success will depend
on further developments in producing compact high-energy proton bunches at a high rate.
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Exploring the Electromagnetically Interacting Dark
Matter at the International Linear Collider

Monday, 8 July 2024 17:30 (20 minutes)

Dark Matter being electrically neutral does not participate in electromagnetic interactions at lead-
ing order. However, we discuss here fermionic dark matter (DM) with permanent magnetic and
electric dipole moment that interacts electromagnetically with photons at loop-level through a
dimension-5 operator. We discuss the search prospect of the dark matter at the proposed Interna-
tional Linear Collider (ILC) and constrain the parameter space in the plane of the DM mass and
the cutoff scale A. At the 500 GeV ILC with 4 ab™! of integrated luminosity we probed the mono-
photon channel and utilizing the advantages of beam polarization we obtained an upper bound on
the cutoff scale that reaches up to A = 3.72 TeV.
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The top quark EW couplings in the SMEFT

The electro-weak couplings of the top quark are directly accessible in rare “top+X” production
processes at the LHC, where top quark pairs or single top quark are produced in associations with
bosons. We present a new analysis of the top sector of the Standard Model EFT. The fit is based on
a fully NLO parameterization and includes the most recent (differential) results from ATLAS and
CMS. We show that run 2 of the LHC allows, for the first time, to overconstrain the qqttbar and
two-fermion operator coefficients and yields competitive bounds. We compare the current bounds
to projections for the HL-LHC and future lepton colliders, that can yield powerful constraints.
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High Granularity Readout TPC R&D for Tera-Z at the
Future e+e- Collider

The future linear and circular electron positron colliders were been proposed as a Higgs and a
high luminosity Z factory in last few years. The detector conceptual design of a updated detector
consists of a tracking system, which is Time Projection Chamber (TPC) detector as the main track
with the high precision (about 100um overall drift length at 3T magnetic field) spatial resolution
device in the large 3D volume, especially for the case of the machine operating at the high lumi-
nosity Z pole (Tera-Z at 2T magnetic field). Aimed to Higgs and the flavor physics requirements,
the tracking system required the high precision performance,including the spatial resolution, the
momentum resolution and the good particle identification detection (PID).

TPC detection technology also required the longitudinal time resolution of about 100ns and the
physics goals require the very good separation power with the cluster counting to be considered.
The simulation and PID resolution show TPC technology potential to extend Tera-Z at the future
e+e- collider. In this talk, the feasibility and status of high precision TPC as the main track detector
for e+e collider will be presented. The simulation results of the pad/pixelated TPC technology
for e+e- collider will be given. Compared with the pad readout using the simulation, the high
granularity readout TPC option will obtain the better spatial resolution of single electrons, the
very high detection efficiency in excellent tracking and good PID performance (less than 30).

Apply for poster award

Primary authors: Dr DAL, Hongliang (Institute of High Energy Physics, CAS); Dr QI, Huirong
(Institute of High Energy Physics, CAS); Prof. WANG, Jianchun (Institute of High Energy Physics,
CAS); Ms ZHANG, Jinxian (Institute of High Energy Physics, CAS); Dr YU, Liwen (Institute of High
Energy Physics, CAS); TITOV, Maksym (Université Paris-Saclay (FR)); Dr DENG, Zhi (Tsinghua Uni-
versity)

Co-authors: Dr SHE, Xin (Institute of High Energy Physics, CAS); Dr CHANG, Yue (Institute of
High Energy Physics, CAS)

Presenter: Dr QI, Huirong (Institute of High Energy Physics, CAS)

Session Classification: Vertex, Tracking, Timing detectors

Track Classification: Physics and Detector: Vertex, Tracking, Timing

May 22, 2024 Page 4



International W -+ / Report of Contributions Opening remarks

Contribution ID: 22 Type: Oral presentation (in person)

Opening remarks

Monday, 8 Fuly 2024 09:00 (10 minutes)
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Physics case for Higgs and Electroweak precision

Monday, 8 Fuly 2024 09:10 (20 minutes)
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ILC status

Monday, 8 July 2024 09:30 (12 minutes)
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CLIC status

Monday, 8 July 2024 09:42 (12 minutes)
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Status of the C3 R&D
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Physics case for e+e- at 500 GeV and above
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HALHF status
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XCC status

Monday, 8 July 2024 11:12 (12 minutes)
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CEPC status

Monday, 8 July 2024 11:36 (12 minutes)
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FCCee status

Monday, 8 July 2024 11:48 (12 minutes)
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Muon collider status

Monday, 8 Fuly 2024 12:00 (12 minutes)
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Higgs Factory detector R&D
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ITN: accelerator developments

Monday, 8 Fuly 2024 14:00 (15 minutes)
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CLIC: accelerator developments

Monday, 8 Fuly 2024 14:15 (15 minutes)
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C3: accelerator developments

Monday, 8 Fuly 2024 14:30 (15 minutes)
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CEPC: accelerator developments

Monday, 8 Fuly 2024 14:45 (15 minutes)
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FCCee: accelerator developments
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ECFA Higgs-EW-top factory study
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Physics highlight 1, experimental challenges

Monday, 8 Fuly 2024 14:15 (15 minutes)
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Physics highlight 2, experimental challenges

Monday, 8 Fuly 2024 14:30 (15 minutes)
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Beyond collider experiments at a Linear Collider
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Highlights from LHC detector upgrades

Monday, 8 Fuly 2024 15:00 (15 minutes)
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Highlights from detectors for EIC

Monday, 8 Fuly 2024 15:15 (15 minutes)
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Communication

Thursday, 11 July 2024 14:00 (15 minutes)
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Strategy in Europe

Thursday, 11 July 2024 14:15 (15 minutes)
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Strategy in the US (tbc)

Thursday, 11 July 2024 14:30 (15 minutes)
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Strategy in Japan

Thursday, 11 July 2024 14:45 (15 minutes)
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Global Strategy - ICFA view

Thursday, 11 July 2024 15:00 (15 minutes)
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New Technologies for Higgs Factory Detectors

Thursday, 11 July 2024 16:00 (25 minutes)
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Physics Vision

Thursday, 11 July 2024 16:25 (25 minutes)
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Vision for a Linear Collider Facility
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Closing

Thursday, 11 July 2024 17:20 (10 minutes)
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Energy recovery at a Linear Collider
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Search for additional Higgs bosons and other BSM
signatures at the FCC-ee

The electron-positron stage of the Future Circular Collider (FCC-ee) is a precision frontier factory
for Higgs, electroweak, flavour, top quark, and QCD physics. It is designed to operate in a 91-km
circular tunnel built at CERN, and will serve as the first step towards O(100 TeV) proton-proton
collisions. In addition to an essential Higgs program, the FCC-ee offers unique and powerful oppor-
tunities to answer fundamental open questions and explore unknown physics beyond the Standard
Model. The large data samples of Higgs bosons, W bosons, and top quarks in very clean experi-
mental conditions will offer numerous opportunities for discoveries at different collision energies.
The presentation will focus on repeating the search for additional Higgs bosons produced in pairs
in the context of the inert two Higgs-doublet model, that has been performed within the CLIC
context at the generator level, and extend it to the FCC-ee configuration and detector-level setup.
Other physics cases with promising signatures at FCC-ee will be also briefly discussed: e.g. heavy
neutral leptons, axion-like particles, and exotic decays of the Higgs boson.
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Test-beam measurements of instrumented sensor
planes for a higly compact and granular

electromagnetic calorimeter

The LUXE experiment is designed to explore the strong-field QED regime in interactions of high-
energy electrons from the European XFEL in a powerful laser field. One of the crucial aims of this
experiment is to measure the production of electron-positron pairs as a function of the laser field
strength where non-perturbative effects are expected to kick in above the Schwinger limit.

For the measurements of positron energy and multiplicity spectra, a tracker and an electromag-
netic calorimeter are foreseen. Since the expected number of positrons varies over five-orders of
magnitude, and has to be measured over a widely spread low energy background, the calorimeter
must be compact and finely segmented. The concept of a sandwich calorimeter made of tungsten
absorber plates interspersed with thin sensor planes is developed. The sensor planes comprise a sil-
icon pad sensor, flexible Kapton printed circuit planes for bias voltage supply and signal transport
to the sensor edge, all embedded in a carbon fibre support. The thickness of a sensor plane is less
than 1 mm. A dedicated readout is developed comprising front-end ASICs in 130 nm technology
and FPGAs to orchstrate the ASICs and perform data pre-processing. As an alternative, GaAs are
considered with integrated readout strips on the sensor. Prototypes of both sensor planes are stud-
ied in an electron beam of 5 GeV. Results will be presented on the homogeneity of the response,
edge effects and cross talk between channels.
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Update on CLIC positron source activities

The presentation will report on recent CLIC positron source activities.

The focus will be on flux concentrator developments and beam loading calculations of the capture
LINAC.
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Probing GHU models at the ILC with di-quark AFB
at c.m.e. above the Z mass

We discuss the experimental prospects for measuring differential observables in b-quark and c-
quark pair production at the International Linear Collider (ILC) baseline energies, 250 and 500 GeV.
The study is based on full simulation and reconstruction of the International Large Detector (ILD)
concept. Two gauge-Higgs unification models predicting new high-mass resonances beyond the
Standard Model are discussed. These models predict sizable deviations of the forward-backward
observables at the ILC running above the mass and with longitudinally polarized electron and
positron beams. The capability of the ILC to probe these models via high-precision measurements
of the forward-backward asymmetry is discussed.

Alternative scenarios at other energies and beam polarization schemes are also discussed, extrap-
olating the estimated uncertainties from the two baseline scenarios.
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Design and optimization of the Final Focus System
for 7 TeV Compact Linear Collider

The Compact Linear Collider (CLIC) proposes a linear accelerator system aimed at colliding elec-
trons and positrons at energies up to 3 TeV. To explore novel physics and enhance competitiveness
with other collider projects, CLIC is considering increasing the center-of-mass energy to 7 TeV.
A crucial component of the CLIC infrastructure is the Beam Delivery System (BDS), responsible
for transporting lepton beams from the Main Linac exit to the Interaction Point (IP). This paper
presents an overview of the studies and challenges associated with the design of the new Final Fo-
cus System (FFS), such as implementing chromaticity correction to mitigate synchrotron radiation
effects, and ensuring precise transverse aberration control at the IP.
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Higher-order initial state radiation in e+e-
annihilation

Radiative corrections due to initial state radiation in electron-positron

annihilation are calculated within the QED structure function approach. NLO QED parton distri-
bution functions are derived analytically. Results are shown in the next-to-leading logarithmic
approximation up to O(a*L?) order, where L = In(s/m?) is the large logarithm. Several mis-
takes in previous calculations are corrected. The results are relevant for future high-precision
experiments at eTe™ colliders.
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A BSM world with doubly charged scalars.
Consequences for e+e- projects.

In the recent years a large set of indications for BSM scalars has been observed in LHC data.
After a brief description of the most significant indications, this presentation intends to give a
consistent interpretation in terms of a generalised Georgi Machacek model which predicts a doubly
charged scalar indicated by ATLAS data. Consequences for currently planned e+e- colliders will
be sketched. An updated description of this work can be found in Arxiv 2308.12180.
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Investigating hidden sectors at future e+e- colliders
through two-particle angular correlations

Exploring long-range angular correlations among emitted particles in high-energy collisions pro-
vides an opportunity to uncover physics beyond the Standard Model like Hidden Valley (HV) mod-
els.

We focus on a hidden QCD-like sector, where the interplay between HV matter and QCD partonic
cascades could enhance azimuthal correlations between final-state particles. Our investigation,
performed at detector level, specifically targets the detectability of these phenomena at future e+e-
colliders, yielding a cleaner experimental signature as compared to the Large Hadron Collider
(LHC). Remarkably, the observation of ridge structures in the two-particle correlation function
may suggest the existence of New physics.
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Stau searches at future e+e- colliders

The future e+e- colliders offer excellent facilities for SUSY searches. The stau, superpartner of the
tau-lepton, is one of the most interesting particles for these searches, being likely the lightest of
the sfermions, first one that could be observed, and it can be regarded as the worst and thus most
general scenario for the searches.

The prospects for discovering stau-pair production at future e+e- factories and the resulting detec-
tor requirements will be discussed. The study takes the ILD detector concept and ILC parameters
at 500 GeV as example. It includes all SM as well as beam induced backgrounds. It shows that with
the chosen accelerator and detector conditions, SUSY will be discovered if the NLSP mass is up to
just a few GeV below the kinematic limit of the collider.

Expectations for another accelerator and detectors conditions are derived. In particular the role of
the hermeticity of the detector and of the ability to operate trigger-less will be discussed.
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Searching for Charged Higgs Bosons via
ete” — HT™H~ — cbcb at Linear Colliders

We study a search for the charged Higgs boson via ete™ — HtH~ — cbeb at the 500 GeV ILC.
In a general two Higgs doublet model without Z5 symmetry, extra Yukawa couplings p;. and py;
can drive electroweak baryogenesis, but searches at the HL-LHC may still go empty-handed if the
couplings are relatively weak. Taking mpy+ ~ mpy ~ my =~ 200 GeV, with py, pr ~ 0.1 and
no h(125)-H mixing, H+ — cb decay is dominant, and the cbeb final state is likely overwhelmed
by QCD background at the LHC. We show that the electroweak production of H™ H~ at the ILC
can be discovered with integrated luminosity of 1 ab—!. Furthermore, we show that my+ can be
extracted by requiring the two pairs of b and light jets be roughly equal in mass, without assuming

the mass value. Thus, ILC can probe low mass Higgs bosons in multijet final states to complement
HL-LHC in the future.
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X-LAB: A VERY HIGH-CAPACITY X-BAND RF TEST
STAND FACILITY AT THE UNIVERSITY OF
MELBOURNE

The first Southern Hemisphere X-band Laboratory for Accelerators and Beams (X-LAB) has been
commissioned at the University of Melbourne. One of the key projects within this laboratory in-
volves repurposing half of the CERN X-band test stand XBOX3, now known as Mel-BOX.

This initiative aims to validate the performance of high-gradient travelling wave accelerating struc-
tures, crucial for the Compact Linear Collider (CLIC) beam-based acceleration baseline, operating
at a frequency of 12 GHz.

To assess the structures’ performance under high peak power and short pulse width RF conditions,
two klystron-based test facilities have been operationalised for this year. Similar to XBOX3, Mel-
BOX adopts an innovative approach to combine high average power klystron units, facilitating
power distribution to two testing slots with a repetition rate of up to 400 Hz. Additionally, the
parameters such as repetition rate, peak power, pulse length, and pulse shape can be tailored to
meet specific testing requirements. This novel method of generating high-power, high-repetition
RF pulses holds promise for various applications necessitating multiple test slots.

Moreover, there are plans to leverage this technology as a foundation for developing compact ac-
celerators tailored for medical or university applications, including radiotherapy and compact light

sources.
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Prospects for constraining light-quark electroweak
couplings at Higgs factories

Electroweak Precision Measurements are stringent tests of the Standard Model and sensitive probes
to New Physics. Accurate studies of the Z-boson couplings to the first-generation quarks could re-
veal potential discrepancies between the fundamental theory and experimental data. Future e+e-
colliders running at the Z pole and around the ZH threshold would be an excellent tool to per-
form such a measurement, unlike the LHC where hadronic Z decays are only available in boosted
topologies. The measurement is based on comparison of radiative and non-radiative hadronic de-
cays. Due to the difference in quark charge, the relative contribution of the events with final-state
radiation (FSR) directly reflects the ratio of decays involving up- and down-type quarks. Such
an analysis requires proper modeling and statistical discrimination between photons coming from
different sources, including initial-state radiation (ISR), FSR, parton showers and hadronisation. In
our contribution, we show how to extract the values of the Z couplings to light quarks and present

the estimated uncertainties of the measurement.
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Search for Invisible Decays of the Higgs Boson at the
ILC Using key4HEP

Technologically mature accelerator and detector design and a well-understood physics program
make the ILC a realistic option for the realization of a future Higgs factory. Energy staged data
collection, employment of beam polarization, and capability to reach a TeV center-of-mass energy,
enable unique sensitivity to New Physics deviations from the Standard Model predictions in the
Higgs sector and beyond.

This presentation discusses the ILC potential to measure the branching ratio for Higgs boson de-
cays to a final state which is invisible to detectors, H — ZZ* — vvvp. Using key4hep the
underlying project is set up in a modular way and thus could be used, for example, to compare dif-

ferent collider detectors. Technical aspects as well as the first preliminary results will be presented.
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Probing SMEFT operators using polarizations and
spin correlations at current and future colliders

The standard Model (SM) is the best currently experimentally tested theory of fundamental parti-
cles and their interactions. The discovery of Higgs boson completes the particle spectrum of SM
and now the particle physics have officially entered the era of precision measurement. While the
SM enjoys robust experimental verification, it falls short in explaining phenomena like the natural-
ness problem, dark matter, strong CP problem, matter-antimatter asymmetry, and neutrino mass.
Various beyond SM models, including supersymmetry, Technicolor, UED, and string theory, have
been proposed to address these issues, yet experimental evidence for new particles, symmetries,
or dimensions remains elusive.

In response to the null results from the experiments, a shift toward a model-independent formalism
becomes imperative. The effective field theory (EFT) serves as a versatile framework, expanding
the SM by introducing higher-order gauge symmetric Lorentz terms. While the gauge symmetry
imposes constraints on deviations in the fermionic sector, the likelihood of significant deviations
in this sector is notably reduced. However, the electroweak sector remains open to exploration.
We study the potential of future electron-positron colliders, particularly the International Linear
Collider (ILC), to probe higher-order operators affecting the electroweak gauge sector. The study
is carried with polarized beams which aid on increasing the signal-to-background ratio.\

To maximize sensitivity to new physics signals, a diverse set of observables is crucial. Here, we
delve into the significance of spin-related observables, offering numerous polarization and spin
correlation options. These set of observables could also shed light on the CP structure and cor-
relations of new physics. One has to note that the construction of vector polarization and their
correlations with the tensorial polarizations demands the proper identification of final daughter
of weak bosons. The tagging of daughters becomes non-trivial in case of light flavor jets and to
overcome these challenges, we propose employing machine learning techniques such as artificial
neural networks, boosted decision trees, and convolutional neural networks. We show for the
hadronic decay of W boson an accuracy of 80% can be achieved. The 95% CL bounds on anoma-
lous couplings is found to be tighter than the experimental values. Finally we note that besides
playing a dominant role on probing higher order operators, spin-related observables can be directly
used to comment on the existence of quantum entanglement at high energy.
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Cavity tuner development for the ITN cryomodule at
KEK

In this contribution we report on the development of a cavity tuner for a cryomodule, which is
being developed and will be built and tested in the scope of the International Linear Collider (ILC)
Technology Network (ITN) at KEK until 2027. We have simulated Lorentz-force detuning of the
according SRF 1.3 GHz 9-cell TESLA-type cavities to understand the tuner requirements better. As
abase of the ITN cavity tuner design the LCLS-II double-lever tuner was selected. In a collaboration
with Fermilab we have tested the LCLS-II tuner on an LCLS-II cavity at room temperature and
atmospheric pressure. Based on the gained experience, design adjustments are being considered.
Slow and fast tuner driving electronics were partially selected.
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Status of BSM searches at ATLAS including some
future prospects at HL-LHC

Despite successfully predicting the outcome of hundreds of measurements at colliders and other
experiments, the standard model of particle physics cannot be the final theory of nature. Searches
for beyond-the-standard model (BSM) physics are now a major component of the research program
at the ATLAS and CMS experiments at the Large Hadron Collider (LHC). This talk presents high-
lights of BSM searches at the LHC, including dark matter, long-lived particles, heavy resonances,
leptoquarks, supersymmetric particles, BSM decays of SM particles, and other exotic phenomena.
Experimental methodologies, sophisticated analysis tools including machine learning, experimen-
tal results, and phenomenological interpretations including Effective Field Theories are presented.
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Top quark flavor changing neutral currents at future
linear colliders

In this talk, I will discuss the potential discovery of top quark flavor changing neutral current
(FCNC) at future linear colliders (LCs). First, I will discuss the theoretical predictions in a class of
simplified dark matter models where the rates of top quark FCNC decays are generated by dark-
sector particles. I will then discuss the sensitivity of the LCs on the top quark FCNC for some
channels and some benchmark center-of-mass energies.

Apply for poster award

Primary authors: JUEID, Adil (Institute for Basic Science); Prof. KANEMURA, Shinya (Osaka
University)

Presenter: JUEID, Adil (Institute for Basic Science)

Session Classification: Top, QCD, Flavor, Precision Modelling

Track Classification: Physics and Detector: Top quark, QCD, Flavour, Precision Mod-
elling

May 22, 2024 Page 55



International W --- / Report of Contributions Searches for BSM physics ata -

Contribution ID: 78 Type: Oral presentation (in person)

Searches for BSM physics at a gamma-gamma

collider with Energy < 12 GeV based on European
XFEL

The possibility of a Gamma-Gamma collider extension to the Beam

dump of the 17.5 GeV European XFEL has been discussed before as

a first high energy collider of its sort. It would not just be to study

the concept of a gamma-gamma collider but this collider would also

be without competition in the region of 5—12 GeV for gamma-gamma

physics. In this range bb and ¢ resonances, tetraquarks as well as mesonic molecules can be
observed. Furthermore some BSM processes can also be reached in this range. In this talk we
want to discuss the possibility of observing ALPs at this collider as well as an extension to a mixed
model of ALPs and dark photon (dark axion portal), that introduces the new couplings not as a
product of the individual couplings and therefore offers a rich phenomenology.
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Luminosity Studies for the Cool Copper Collider

Achieving high instantaneous luminosity while managing the beam-induced background (BIB) is
critical for the successful operation of any future electron-positron (e*e™) collider. In this talk,
we will present the first extensive luminosity studies for a proposed linear e*e~ collider, the Cool
Copper Collider (C?), as discussed in arXiv:2403.07093. We begin with a theoretical overview of
luminosity at eT e~ colliders and its interplay with Beamstrahlung —the leading source of BIB —and
we motivate the importance of simulations for the accurate evaluation of the effect of beam-beam
interactions on the attainable luminosity. Through simulations in Guinea-Pig, we then evaluate
the impact of key beam parameters, such as emittance, bunch length, beta function and waist shift,
on the luminosity of C?, and tune these parameters with the objective of optimizing the luminosity,
without a commensurate increase in the accompanying BIB. We then propose a new beam param-
eter set for C? which achieves a "40% luminosity increase while maintaining BIB levels at similar
levels. Additional luminosity-enhancing scenarios through modifications in the time-structure of
the beam are presented, and their sustainability implications are discussed. Finally, using a com-
mon simulation framework, we perform a comparative analysis of the luminosity and BIB char-
acteristics of C* with those for ILC and CLIC. Our results indicate that C* achieves competitive
luminosities with a narrower luminosity spectrum than CLIC and lower background rates than
ILC, placing C? as an attractive option for realizing a compact, high-performance Higgs factory.
We close our talk by showing how the developed luminosity optimization methodology can be ex-
tended to other collider proposals and by presenting preliminary results towards an automatized
luminosity optimization scheme.
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HNL at e+e- colliders

Neutrinos can be a key to solving several cosmological problems, such as the mystery of the baryon-
antibaryon asymmetry in the universe or the origin of dark matter. The existence of their heavier
partners, the so-called heavy neutral leptons (HNL), is a well-motivated scenario which could
also contribute to explaining the mass-generation mechanism for light neutrinos. Future lepton
colliders, including e+e- linear machines, will offer the farthest discovery reach for these particles
and allow for studying their features, probing the lepton-flavour universality and constraining
their Dirac or Majorana nature. In this talk, we will show how to look for HNL with masses
above the Z-pole at future lepton colliders and answer the fundamental questions concerning their
properties.
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”Here be SUSY” - Prospects for SUSY searches at
future colliders

Some say SUSY is dead, because LHC has not discovered it yet. But is this
really true? It turns out that the story is more subtle. SUSY can be ‘just
around the corner’, even if no signs of it has been found and a closer

look is needed to quantify the impact of LHC limits and their implications
for future colliders. Here, a scan of the relevant parameter space of
(weak-scale) SUSY parameters, is presented.

I concentrate on properties relevant to evaluate the experimental
prospects: mass differences, lifetimes and decay-modes. The observations are
then confronted with estimated experimental capabilities.

I have considered what can be expected from (HL-)LHC, where it
turns that large swaths of SUSY parameter space will be hard to access.
For e+e- colliders, the situation is simple:

at such colliders, SUSY will be either discovered or excluded almost to
the kinematic limit.
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Update on CARIE high gradient photocathode test
stand at LANL

This talk will report on the status of commissioning of the Cathodes And Radio-frequency In-
teractions in Extremes (CARIE) high gradient C-band RF photoinjector test stand at Los Alamos
National Laboratory. We are assembling and testing the high gradient photoinjector capable of
producing electric fields at the cathodes up to 250 MV/m. The photoinjector will be powered by a
50 MW, 5.712 GHz Canon klystron. The klystron was delivered to LANL in July of 2023, installed,
and commissioned. The waveguide line from the klystron goes through a high-power circulator
into a concrete vault that is rated to provide radiation protection for electron beams with beam
power up to 20 kW. The all-copper photoinjector was fabricated, tuned, and is awaiting high gra-
dient testing. The second version of the photoinjector will be built with replaceable high quantum-
efficiency cathodes to test behavior of advanced photocathode materials at high gradients. Adding
capability to operate the photoinjector at cryogenic temperatures is considered. The status of the
facility and its high-power operation and plans for photocathode testing will be presented.
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X-band activities for the EuPRAXIA@SPARC_LAB
Linac

Over recent years, significant efforts have been dedicated to validating the reliability and function-
ality of X-band technology at extremely high peak fields and accelerating gradients to achieve the
realization of increasingly compact linacs. The Eupraxia@SPARC_LAB project entails the develop-
ment of 1GeV Linac utilizing a X-band booster comprising 16 accelerating structures operating at
a nominal gradient of 60MV/m. At the Frascati laboratories of INFN (LNF) in the last year various
X-band RF components essential for the Eupraxia Linac have been developed and have been tested
at nominal peak power conditions. This was made possible thanks to the use of the TEX test facil-
ity devoted specifically for the development and testing of RF devices and accelerating structures
in the X-band. Recently, the first RF prototype of X-band accelerating structure designed at LNF
has been manufactured and tested at high power. This report presents the results of the latest tests
conducted at TEX and the preliminary results of the conditioning of the first accelerating structure
prototype for the EuPRAXTA@SPARC_LAB project.
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Application of laser-plasma accelerators to future
linear colliders

Wednesday, 10 July 2024 14:00 (20 minutes)

Laser-driven plasma accelerators have demonstrated ultra-high accelerating gradients, offering
the potential to reduce the size and cost of a future energy-frontier linear collider. In this pre-
sentation, I will discuss the design considerations for the application of laser-driven plasma-based
accelerator technology to a multi-TeV linear collider. Plasma accelerators naturally accelerate
short bunches using large longitudinal and transverse wakefields in plasma, and this presents
unique beam dynamics challenges. I will discuss several of these challenges, including staging
laser-plasma accelerators, scattering with background plasma, and beam transverse stability. Key
to the realization of the collider application is the development of high average and high peak
power laser systems, operating with high efficiency. Coherent combination of fiber lasers is a
promising solution to achieve high average and high peak power lasers suitable for high-energy
physics applications, and I will describe recent progress and outline the R&D path toward a collider
based on laser-plasma accelerator technology.
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Collider Tests of Nanohertz Gravitational Waves

Recently, compelling evidence of nanohertz gravitational waves is indicated by the pulsar timing
array collaborations. In this talk, I will present an MeV-scale first-order phase transition from
a minimal dark sector to explain the gravitation waves, with a focus on the collider tests via a
minimal Higgs portal. I will demonstrate that to explain the observed gravitational waves, the
Higgs portal coupling should be so sizable that it can be probed through Higgs invisible decay
at the LHC and future lepton colliders such as CEPC, ILC, and FCC-ee. It opens up a promising
avenue to uncover the physical origin of the nanohertz GWs via colliders and to hear and see the
minimal dark.
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Prospects for light exotic scalar measurements at the
e+e- Higgs factory.

Tuesday, 9 July 2024 09:00 (20 minutes)

The physics program of the Higgs factory will focus on measurements of the 125 GeV Higgs boson,
with the Higgs-strahlung process being the dominant production channel at 250 GeV. However,
production of extra light scalars is still not excluded by the existing experimental data, provided
their coupling to the gauge bosons is sufficiently suppressed. Fermion couplings of such a scalar
could also be very different from the SM predictions leading to non-standard decay paterns. Con-
sidered in the presented study is the feasibility of direct light scalar observation at future Higgs
factory experiments assuming different decay channels.
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Determination of CP-violating Higgs couplings with
transversely-polarized beams at the ILC

We study possible CP-violation effects of the Higgs to Z-boson coupling

at a future eTe™ collider, e.g. the International Linear Collider (ILC). We find that the azimuthal
angular distribution of the muon pair, produced by e*e™ — HZ— > Hp*u™~, can be sensitive to
such a CP-violation effect when we apply initial transversely polarized beams. Based on this an-
gular distribution, we construct a CP sensitive asymmetry and obtain this asymmetry by Whizard
simulation. By comparing the SM prediction with 20 range of this asymmetry, we estimate the
limit of the CP-odd coupling in H Z Z interaction, including as well studies from unpolarized and
longitudinally-polarized beams.
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Advancing Timing Resolution of Strip Scintillators
for Electromagnetic Calorimeters

In the upcoming generation of collider experiments, such as the proposed Linear Collider Higgs
Factory, precise measurement of particle flow (PF) is pivotal for enhancing the energy resolution
of jets, which consist of numerous hadrons observed in the final state. To achieve this, we focus
on equipping fine-segmented electromagnetic calorimeters with high-precision time measurement
capabilities, thereby facilitating improved discrimination of particles within jets and aiding in clus-
ter reconstruction within the jet calorimeter.

In our research, we emphasize the essential role of electromagnetic calorimeters with highly-
segmentation, necessitating a cell size of 5 mm x 5 mm. By enhancing each cell with high-precision
time measurement, we aim to advance the accuracy of energy measurements and improve the iden-
tification of parent particles within jets. Furthermore, our approach holds promise for exploring
Beyond the Standard Model (BSM) physics, particularly in the detection of long-lived particles.
To achieve these objectives, we have developed a novel configuration for the electromagnetic
calorimeter, employing scintillator strips arranged orthogonally to ensure both positional reso-
lution and a reduced number of readout channels. The scintillator strips have been read out the
scintillation light at the both end edges by serially connected silicon photo-sensors. This configura-
tion increase the photons and improve the time resolution. Various configurations are tested at the
beam test at KEK. Moreover, our measurements are anticipated to refine the accuracy of time mea-
surements within electromagnetic showers. Through electron beam tests, we have demonstrated
significant improvements in time resolution performance. In this presentation, we will showcase
the results of our efforts to enhance the optical readout method of the current strip scintillator
for electromagnetic showers, thereby advancing the capabilities of linear collider Higgs Factory
collider experiments.
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Addressing technological challenges on
sensor-electronics hybridization for compact silicon
tungsten electromagnetic calorimeters.

Highly compact and granular sandwich silicon tungsten calorimeters are part of the detector con-
cepts proposed for all future Higgs Factories and for strong-field-QED (LUXE) or Dark Matter
search experiments. This contribution discusses some of the technological challenges of sensor-
electronics hybridization for this type of calorimeters. Different alternatives have been explored
and used in the past, e.g. tab-bonding and epoxy-silver glue dots, with limited success. A joint
R&D effort by different groups to study this technology’s long-term viability. It comprises age-
ing studies, careful monitoring of PCB mechanical properties, the validation of different industrial
choices for the epoxy-silver product and the optimization/automation of the process by different
institutes. The challenges and status of these activities are discussed in this contribution.
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Nanosecond timing MAPS

The detectors at future e+e- linear colliders will need unprecedented precision on Higgs physics
measurements. These ambitious physics goals translate into very challenging detector require-
ments on tracking and calorimetry. Monolithic Active Pixel Sensor (MAPS) technology offers
small dead areas, thin sensors, and small pixels over large areas. Future e+e- Colliders could bene-
fit from O(ns) timing tagging, with the constraint that the overall power consumption stays within
the target of few tens of mW/cm"2. Today some commercial imaging technologies offer the possi-
bility of producing large, stitched sensors (with a rectangle area "30 cm x 10 cm). Such large sensors
are very interesting from a physics point of view, but they are very challenging from an engineer-
ing point of view. A first MAPS prototype ‘NAPA-p1'was designed by SLAC in CMOS Imaging
65 nm technology. The prototype has dimensions of 1.5 mm x 1.5 mm with a pixel pitch of 25
pm. This work benefits from our collaboration with CERN, capitalizing on the improved sensor’
s performance after a decade of optimizations. This prototype will set the baseline for the sensor
and the electronics performance which will serve future developments. This talk will feature the
first measurements performed to fully characterized this prototype.
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Development of a half-meter scale Traveling-Wave
(TW) SRF cavity

While a demonstration of TW resonance excitation in the 3-cell structure in 2K liquid helium had
been prepared and carried out at Fermilab in collaboration with Euclid Techlabs, the RF design
process of 0.5"1 meter scale TW cavity was begun at Fermilab as the next step of TW development
towards an accelerator-scale one. Considering the physical dimensions of existing SRF facilities
(for fabrication, processing, and cryogenic testing), Fermilab has proposed a half-meter scale TW
RF design consisting of a 7-cell structure and a power feedback waveguide (WG) loop. The WG
loop design includes the new RF configurations for TW resonance control during a high-power
operation. 1-year US-Japan collaboration program focused on EBW optimization for the TW shape
iris joint within the narrow gap was awarded and the efforts had been made by KEK, Jlab, and
Fermilab. 1-year LDRD program of Fermilab is awarded recently to fabricate a low-cost mockup
of the WG loop with new RF configurations and validate them. Here we will present a preliminary
7-cell TW RF design and report the progress and challenges through the awarded programs.
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Drift chamber with cluster counting techniques for
CEPC

The Circular Electron Positron Collider (CEPC) is a large-scale collider facility with a circumfer-
ence of 100 km. It is designed to study rich physics programs, including investigations into Higgs
properties, electroweak physics and flavor physics. A good identification of charged hadrons is
essential for the flavor physics and benefits the determination of jet flavor and jet charge. To
achieve these physics goals, a drift chamber is proposed for excellent particle identification (PID)
performance with the cluster counting technique. Cluster counting measures the number of pri-
mary ionizations (dN/dx) along the particle trajectory in a gaseous detector, rather than relying on
energy loss (dE/dx). This approach represents a promising breakthrough in PID. The Poissonian
nature of dN/dx provides a statistically significant way to measure ionization, potentially yielding
a resolution two times better than dE/dx.

A detailed PID study of the drift chamber will be presented. Simulation studies, including the
detector and electronics responses, as well as the machine-learning reconstruction algorithm, are
performed to optimize the detector design and performance. The PID results using dN/dx and
time-of-flight show that the kaon and pion separation power, with a track length of 1.2 m, can
achieve a 3o significance for momenta less than 20 GeV/c. Mechanical design has been carried
out and finite-element-analysis results demonstrate a stable design. Fast readout electronics have
been developed, and a detector prototype has been tested with an electron beam. The test results
validate the performance of the electronics and the feasibility of the dN/dx method.
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Streamlined jet tagging network assisted by jet
prong structure

Attention-based transformer models have become increasingly prevalent in collider analysis, of-
fering enhanced performance for tasks such as jet tagging. However, they are computationally
intensive and require substantial data for training. In this paper, we introduce a new jet classifi-
cation network using an MLP mixer, where two subsequent MLP operations serve to transform
particle and feature tokens over the jet constituents. The transformed particles are combined with
subjet information using multi-head cross-attention so that the network is invariant under the per-
mutation of the jet constituents. The network structure is closely related to the multiscale nature
of HEP events.

The proposed network demonstrates comparable classification performance to state-of-the-art
models while boosting computational efficiency drastically. The network structure can be applied

to the various collider processes.
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Loop induced HtWtZ vertex in CP violating two
Higgs doublet model and its impact on collider
phenomenology

The two Higgs doublet model, which can serve enough CP violation and first order electroweak
phase transition, is often introduced to realize electroweak baryogenesis.

If CP symmetry is violated in the two Higgs doublet model, it does not have custodial symmetry,
which is remnant of global symmetry of SU(2)L x SU(2)R.

It has been known that H¥W+Z vertex is induced at the loop level due to the violation of custodial
symmetry.

As a consequence of breaking CP and custodial symmetry, we study loop-induced H+ -> W+Z
decay in the most general CP violating two Higgs doublet model.

In this talk, we discuss the relation between violations of CP and custodial symmetry and the
H+W=+Z vertex, and we show its impact on future colliders including ILC.
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Distributed Coupling Linac for Efficient Acceleration
of High Charge Electron Bunches

Future colliders will require injector linacs to accelerate large electron bunches over a wide range
of energies. For example the Electron Ion Collider requires a pre-injector linac from 4 MeV up to
400 MeV over 35 m. Currently this linac is being designed with 3 m long traveling wave structures,
which provide a gradient of 16 MV/m. We propose the use of a 1 m distributed coupling design as a
potential alternative and future upgrade path to this design. Distributed coupling allows power to
be fed into each cavity directly via a waveguide manifold, avoiding on-axis coupling. A distributed
coupling structure at S-band was designed to optimize for shunt impedance and large aperture
size. This design provides greater efficiency, thereby lowering the number of klystrons required to
power the full linac. In addition, particle tracking analysis shows that this linac maintains lower
emittance as bunch charge increases to 14 nC and wakefields become more prevalent. We present
the design of this distributed coupling structure, as well as cold test data and plans for higher
power tests to verify on the structure’s real world performance.
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Impact of NLO QCD on Key Physics Processes at
Future Higgs Factories

The majority of Monte-Carlo (MC) simulation campaigns for future Higgs factories has so far been
based on the leading-order (LO) matrix elements provided by Whizard 1.95,

followed by parton shower and hadronization in Pythia6,

using the tune of the OPAL experiment at LEP.

In this contribution, we test the next-to-leading-order (NLO) mode of Whizard.

NLO events of eTe™ — g and ete™ — puF pu~bb are generated by POWHEG matching,
with parton shower and hadronization provided by Pythia8.

The NLO effect on hadron multiplicities and event shape variables of jets will be
discussed and compared with MadGraph5 at hadron-level.

After passing the events through the full detector simulation of the

International Large

Detector concept as an example for a ParticleFlow-optimised detector,

the jet energy

resolution and typical kinematic quantities are compared between NLO and

LO at reconstruction level.

A first assessment of which physics prospects of future e™e™ should be

studied with NLO MC in the future will be given.
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40 + X via electroweak multi-Higgs production as
smoking gun signal for the Type-l 2HDM at the LHC

The existence of additional Higgs bosons, besides the one

discovered by the LHC, already a decade ago, is predicted by most

frameworks of new physics. Observation of a second Higgs boson

(charged or neutral) will thus provide a firm evidence that the

underlying manifestation of the Electroweak Symmetry Breaking (EWSB)

mechanism is a non-minimal one. The majority of analyses, both

phenomenological and experimental ones, involving additional Higgs

bosons concentrate on QCD induced production modes.

However, the QCD induced processes are not necessarily to be high in

new physics models owing to the non-standard couplings of the

new Higgs bosons to the fermions and gauge bosons. As a reference,

I consider the Type-I two Higgs doublet model (2HDM) as a simple

extension of Standard Model where the Electroweak (EW) processes dominate

over the QCD processes. I would like to discuss a full detector-level Monte Carlo analysis to estab-
lish that the inclusive 4b+ X final state via EW processes can provide simultaneous reconstruction
of all the additional Higgs boson masses. I will present the algorithms for the mass reconstructions
of the additional Higgs bosons.
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Top mass measurement at the CEPC

The study is based on the publication of EPJC 83, 269 (2023).

We present a study of top quark mass measurements at the t\bar{t} threshold based on CEPC. A
centre-of-mass energy scan near two times of the top mass is performed and the measurement
precision of top quark mass, width and \alpha_S are evaluated using the t\bar{t} production rates.
Realistic scan strategies at the threshold are discussed to maximise the sensitivity to the measure-
ment of the top quark properties individually and simultaneously in the CEPC scenarios assuming
a limited total luminosity of 100 fb*{-1}. With the optimal scan for individual property measure-
ments, the top quark mass precision is expected to be 9 MeV, the top quark width precision is ex-
pected to be 26 MeV, and \alpha_S can be measured at a precision of 0.00039. Taking into account
the uncertainties from theory, background subtraction, beam energy and luminosity spectrum, the

top quark mass can be measured at a precision of 14 MeV optimistically and 34 MeV conservatively
at CEPC.
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CP-violating top-Higgs coupling in SMEFT

The total cross section of the process u~ u* — v,7,tt H has strong dependence on the CP phase
of the top Yukawa coupling. We study the cause of the strong energy dependence and identify its
origin as the E/my, growth of the weak boson fusion subamplitudes, W~W™* — ¢{H, when the
two W’s are longitudinally polarized. We repeat the study in the SMEFT framework where EW
gauge invariance is manifest and find that the highest energy cross section is reduced to a quarter
of the complex top Yukawa model result at high energies. By applying the Goldstone boson (GB)
equivalence theorem, we identify the origin of this strong energy growth of the SMEFT amplitudes
as associated with the dimension-6 tt Hrr vertex, where 7’s are the GB of W*. We obtain the
unitarity bound on the coefficient of the SMEFT operator by studying all 2 — 2 and 2 — 3 cross
sections in the J = 0 channel.
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Finding kink signatures of LLPs in TPC at ILC

Some types of LLPs can be indentified by kinked tracks. The Time Projection Chamber (TPC) being
designed for ILD at ILC provides almost continuous tracking. This should give excellent potential
for kink finding. I will review the current kink finder algorithm, and present a new kink finding
method.
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New renormalization scheme in extended Higgs
sectors for Higgs precision measurements

We propose a new renormalization scheme in extended Higgs sectors for the coming new era of the
Higgs precise measurements at future lepton colliders. In this new scheme, we use a precisely mea-
sured value of the discovered Higgs boson coupling, e.g., hZZ, as an input of the renormalization
condition. We demonstrate how the other Higgs boson couplings (e.g., hWW) can be predicted. in
this new renormalization scheme in the 2 Higgs doublet model as a simple but important example.
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The fabrication of the 1.3 GHz single-cell cavity
utilizing the different grain size niobium materials

As the part of research into the manufacturing methods for SRF cavities used in ILC(International
Linear Collider), two 1.3 GHz single-cell cavities have been fabricated by utilizing fine and medium
grain size niobium materials, respectively, with the same manufacturing equipment. The fine grain
size niobium material typically exhibits a grain size level equivalent to ASTM 5-6, whereas the
medium grain size corresponds to ASTM 0-3 levels. The forming of the half cell shapes has been
conducted using the same deep drawing die and press machine. The machining for cavity part
fabrication and the welding for assembly have been carried out using identical jigs and equipment.
We present the fabrication processes and the test results for cavities in detail.
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New collider implications on a strongly first order
EWPT.

In order to understand the early history of the universe, and to test baryogenesis models, deter-
mining the nature of the electroweak phase transition is imperative. The order and strength of
this transition is strongly correlated to relatively large deviations in the hhh coupling. In models
where a considerable part of the hhh coupling deviation is caused by charged particle loops, the
h~y~y coupling is also expected to deviate considerably. In this talk, by using a model-independent
approach, I explain how to obtain conditions that are sufficient for a strongly first order phase
transition. After the hvyy is determined with precision at the HL-LHC, these conditions can be
tested at Future Linear Colliders by measurements of the hhh coupling, to conclusively determine
the nature of the electroweak phase transition and the viability of electroweak baryogenesis on
models with new charged scalars.
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Cryomodule Test Buncer for ITN

ITN is an acronym for “ILC Technology Network”.

It is an international framework for the technological development outlined in the Work Pack-
age(WP).

KEK plans to produce one cryomodule equipped with eight superconducting 9-cell cavities for
WP1 and 2 from 2023 and perform performance measurements in 2027.

A test facility will be required to perform the measurements.

We are preparing the cryogenics for the facility.

The refrigerator (Linde LR280) currently operating at KEK will be dedicated to that.

The helium transfer line was designed.

The design was based on KEKB’s transport line design, but it was slightly modified because ILC
does not use liquefied nitrogen for the radiation shield.

The 2K refrigerator, purification filter, and other equipment are also considered. We will report on
the status of those.
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Monte Carlo Simulations of an electromagnetic
sampling calorimeter with semiconductor sensors

The simulation of particle generation, their interaction with detector materials, and the result-
ing detector response has become increasingly crucial in recent experiments. Semiconductor+W
calorimeters, known for their high compactness and granularity, are integral components of pro-
posed detector designs for upcoming Higgs Factories as well as experiments targeting strong-field-
QED (LUXE) or forthcoming smaller-scale experiments. This contribution focuses on optimizing
the ECAL electromagnetic calorimeter, foreseen to the LUXE experiment to achieve higher energy
resolution, using a Geant4-based application. Additionally, a fundamental aspect of this effort in-
volves simulating the responses of Si or GaAs -type sensors. This simulation not only contributes
to the initial detector design but also serves as an indispensable tool for predicting the detector’s
performance. Incident electrons with energies ranging from 2.0 to 18.0 GeV were directed towards
ECAL surface, their interactions with materials assesed and the results are presented. Furthermore,
detailed configurations of the sampling electromagnetic calorimeter and the Geant4 simulation

package are discussed.
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Long-lived particle searches with the ILD experiment

Future eTe™ colliders, with their clean environment and triggerless operation, offer a unique op-
portunity to search for long-lived particles (LLPs). Considered in this contribution are prospects
for LLP searches with the International Large Detector (ILD) providing almost continuous tracking
in Time Projection Chamber (TPC) as the core of its tracking systems. The ILD has been developed
as a detector concept for the ILC, but is also applicable to other Higgs Factory options.

The considered signature for neutral LLP production is a highly displaced decay vertex, which
we search for in the TPC. Based on the full detector simulation, we study decays of both light and
heavy LLPs. For the heavy, O(100 GeV) LLPs, the most challenging scenarios are those with a small
mass splitting between LLP and the dark matter candidate, resulting in only a very soft displaced
track pair in the final state, not pointing to the interaction point. As the opposite extreme scenario
we consider the production of light, O(1 GeV) pseudo\-scalar LLP, which decays to two highly
boosted and almost colinear displaced tracks. Backgrounds both from soft beam-induced processes
and hard physical events are taken into account. Different tracking system design options and their
impact on the LLP reconstruction are discussed.

Assuming a single displaced vertex signature, the limits on signal production cross-section are
presented for a wide range of LLP lifetimes and a set of masses or mass splittings. These limits are
to a large extent model-independent, reflecting kinematic properties of the considered signature.
They can be used to set limits on particular models, also for more complex signatures involving
displaced vertices.

Apply for poster award

Primary author: KLAMKA, Jan (University of Warsaw)
Co-authors: ZARNECKI, Aleksander Filip (University of Warsaw); JEANS, Daniel
Presenter: KLAMKA, Jan (University of Warsaw)

Session Classification: BSM, Global Interpretations

Track Classification: Physics and Detector: BSM, Global Interpretations

May 22, 2024 Page 84



International W --- / Report of Contributions Prospects of measuring quantum -

Contribution ID: 113 Type: Oral presentation (in person)

Prospects of measuring quantum entanglement in
H->tautau at a future e+e- Higgs factory

Final states with spin-correlations allow the measurement of quantum entanglement at collider
energies. The H — 77 process is an excellent probe for this, due to the scalar nature of the Higgs
boson, and the direct access to the 7-lepton helicity through the angular distributions of the 7-
lepton decay products. We will present the prospects of such a measurement a future e e~ Higgs
factory using Delphes simulation samples for the signal and the relevant background processes.
The construction of observables sensitive to quantum entanglement of the 7-7 system will be
discussed together with the impact of reconstruction and event selection effects on the sensitivity.
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Probing BSM neutral gauge boson in high and low
energy experiments

Over a period of time neutral BSM gauge boson is becoming important in the high energy as well as
low energy experiments. In this talk we would like to present my recent works where we studied
Z', a neutral chiral gauge boson under a general U(1) extension of the Standard Model. In this
scenario, there are three generations of right handed neutrinos are introduced which can generate
tiny neutrino mass after the breaking of general U (1) gauge group. Studying a variety of low and
high energy scattering and beam-dump experiments we will show the current parameter space of
the general U(1) coupling as a function of the Z’ mass for different U(1) charges.
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Searching for heavy neutral leptons in electron
positron colliders

The origin of neutrino mass is a long standing puzzle. Plethora of models have been proposed
to explain the origin of small neutrino mass. Among them tree level seesaw and inverse seesaw
scenarios are the simplest ones where Standard Model (SM) is extended by SM-singlet heavy Right
Handed Neutrinos (RHNS). If the RHN masses are O(TeV) scale, they could be produced in lepton
colliders through the mixing between the light-heavy neutrino mixing (|Vyx|?) depending on
the center of mass energy. Such RHNs can decay into a variety of models involving leptons and
jets. Studying such finals states from the RHNs we will show the projected bounds on the plane
containing |V;n|? and the mass of the RHN and compare with existing bounds.
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Cold Copper High Gradient Single-Cell Structure
Tests

We will present results from high gradient structure testing of C-band single-cell copper (Cu) and
copper silver (CuAg) accelerating structures at 77 K. C-band accelerators have been of particular in-
terest in recent years due to their ability to provide high gradients and transport high charge beams
for applications ranging from colliders to medical technologies. These technologies are made pos-
sible by new advances in high gradient technologies that can suppress the breakdown rates by
using distributed coupling, cryogenic cooling, and copper alloys. Previous work has shown each
of these separately to significantly improve the maximum achievable gradient. In this work, for
the first time, we combine all three methods in an ultra-high gradient structure and benchmark
the difference between Cu and CuAg. These structures are tested at 77K simultaneously through
a hybrid manifold while breakdown statistics were collected. In addition, we will show that at
gradients exceeding 200 MeV/m the presence of significant beam loading caused a suppression in
the quality factor as a function of time.
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Multi-bunch beam dynamics studies in the C3 main
linac

The Cool Copper Collider (C3) is a novel electron-positron linear collider concept that utilizes
a cryogenically-cooled copper accelerator technology. It is designed to accelerate 133 bunches
of electrons/positrons from 10 GeV to 125 GeV while preserving the beam quality. In order to
achieve the target beam’s luminosity, careful studies of the long-range higher order modes (HOM)
wakefield effects must be taken into account for the design of the accelerating structure. Here
we present the analysis of the beam dynamics studies for the long range HOM wakefields. We
will show the accelerator operating parameters and important frequency bands that deteriorate
the beam. After that, we present detuning and damping results which are then used to guide the

design of the accelerating structure.
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Exploring new physics by loop-corrected decays of
additional Higgs bosons

In order to test and discriminate the extended Higgs models, it is quite important to include ra-
diative corrections to the analyses for the synergy between the precise measurements of the dis-
covered Higgs boson (h125) and the direct searches for additional Higgs bosons. Deviations of
couplings of h125 from the standard model (SM) predictions give the upper limit on masses of ad-
ditional Higgs bosons, and change predictions of decay rates of additional Higgs bosons. Precise
calculations including loop corrections are clearly important for comparison with precise mea-
surements of the h125 couplings in future collider experiments. We calculate the loop-corrected
correlation between the branching ratio of additional Higgs bosons and the deviation in the h125
— ZZx decay from the SM prediction in the two Higgs doublet model,

and show that loop corrections can significantly change the correlation predicted at LO. We per-
form the calculations of loop corrections based on Fortran code “H-COUP version 3” (http://www-

het.phys.sci.osaka-u.ac.jp/"hcoup/) with some modifications for the renormalization conditions.
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Unconventional Searches of Exotic particles at
Future Linear Colliders

Current collider experiments, such as LHC have been studying the production of the BSM particles
and their decay to the Standard Model particles. These searches have placed strong constraints on
different BSM models as well as on the mass of BSM particles. The situation demands to look for
alternative scenarios. BSM theories such as the Pati Salam Model, Composite Higgs, and others
suggest that the interaction among different BSM particles exists such that the exotic particle of
one type decays to the exotic particle of type two first then to the SM particles. This in turn reveals
exciting new signatures. Now, due to the long decay chain, a large number of particles are present
at the final state. If the final state is accompanied by a large number of jets, then linear colliders
offer a much cleaner environment to study them. Moreover, photon-photon fusion also provides a
large cross-section. In this talk, I will discuss some of these alternative searches of exotic fermion
and scalars at future colliders such as the International Linear Collider and photon photon collider.
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A New Method for Measuring the Higgs Mass at ILC

Monday, 8 July 2024 17:40 (20 minutes)

The Higgs mass as one of the fundamental parameters in the Standard Model has been already
measured pretty well by the data collected so far at the LHC. However in some cases of looking
for small deviations from the SM, current precision or projection of the Higgs mass measurement
at the LHC or HL-LHC may not be good enough. One prominent example is for the SM predic-
tion of the Higgs partial decay width to WWor ZZ, in which the Higgs mass uncertainty becomes
one of the leading sources of parametric theory error. It is expected that at future e+e- colliders
we can improve the Higgs mass precision significantly by the well-known “recoil mass method”
, at least statistically. This research proposes a new method which may complement to the re-
coil mass method in terms of systematic errors. The new method employs the signal channel of
Higgs decaying to a pair of fermions, in particular tau leptons, and makes use of transverse mo-
mentum conservations alone instead of the 4-momentum conservation in the recoil mass method.
The key experimental observables will be just the momentum directions of tau leptons without
any input from energy measurement, and the momentum directions can possibly be measured by
reconstructing the decaying vertex of the tau leptons. This new method can in principle be applied
at the LHC as well. We will explore this method by performing realistic detector simulation and
physics analysis at the ILC.
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Optimal Collision Energy for Higgs Precision
Measurements at the ILC250

Monday, 8 Fuly 2024 17:40 (20 minutes)

The ILC is currently proposed to be running at 250 GeV at the initial stage, based on the fact that
the cross section of the leading Higgs production channel (ZH) peaks at more or less 250 GeV.
Due to the effects of beamstraglung and initial state radiation which shift the effective center of
mass energies, the more optimal collision energy has not been known yet. First, we will carry out
analyses of the ZH cross section measurement and evaluate the impact of the collision energy by
a scan between 240 to 260 GeV. Second, the effects of anomalous Higgs couplings between Higgs
and ZZ are momentum-dependent, thus very much sensitive to the collision energies. More over,
having the anomalous HZZ couplings measured at a couple of energy points may provide signif-
icant improvement due to the large correlation between anomalous and SM-like HZZ couplings.
We will carry out such studies and propose a new scenario of collision energy for the ILC250.
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Study of Majorana Right Handed Neutrino (RHN)
production at ILC

Monday, 8 July 2024 17:40 (20 minutes)

We study Majorana Right Handed Neutrinos (RHN) production at ILC. Various extensions of the
SM aim to explain the origin of the tiny neutrino mass; one of them is by the introduction of RHN.
When we assume that RHN is a Majorana particle, RHN pair production is allowed in e-e+ colli-
sions. We focus on this RHN pair production based on a minimal U(1)B-L model. A distinctive
signature is a pair of same sign leptons, which is almost free of SM backgrounds.

In our study, we used full detector simulation to analyze RHN production at ILC. We generated this
process, investigated its properties, developed reconstruction and selection strategies and evalu-
ated the sensitivity at ILC. Considering full SM backgrounds, we derived exclusion limits on min-
imal U(1)B-L parameters at ILC.
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Traveling Wave Demonstration in SRF Cavity With a
Feedback Waveguide

Conventional SRF cavities are used in standing wave regime and are limited by surface fields to
"50 MV/m. In order to overcome this limit, Superconducting Traveling Wave (SCTW) cavity was
proposed as it allows to achieve "1.5 times higher accelerating gradient operating at lower phase
advance per cell, thus improving transit time factor. However, power recirculation through a
feedback waveguide is required to maintain cavity efficiency. Funded by the U.S. Department of
Energy’s SBIR program, Euclid Techalbs, in collaboration with Fermilab, demonstrated in the past
the surface processing capability of a single-cell prototype with a feedback waveguide. Subse-
quently, a 3-cell prototype was designed and fabricated to demonstrate a traveling wave regime in
SRF cavity with a feedback waveguide at cryogenic temperatures and the highest gradients. Here
we present our recent results of traveling wave demonstration in the 3-cell prototype, tested in 2K
liquid helium at Fermilab.
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Smartcell X-Band Normal Conducting Accelerator
Structure Prototype Fabrication

This presentation details the design and fabrication process of a prototype of a normal-conducting
X-band accelerator structure, which we denominate Smartcell. These structures, achieved through
brazing/bonding techniques, are crucial components for future linear colliders.

We will cover the brazing/bonding geometry, materials selection and their implications, variations
in heat cycles, and atmospheres employed during brazing/bonding. The impact of copper qual-
ity and annealing procedures implemented before, during, and after machining will be discussed
specifically on how they can influence the machinability, microstructure, and ultimately the per-
formance of the final component.

The presentation will showcase the behaviour of five mock-ups, including the results and conclu-
sions obtained through optical examination, metrology, and SEM analysis. We will also discuss
silicon carbide RF properties and characterization throughout the fabrication process.
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W pair production at lepton colliders in the
Feynman Diagram gauge
Monday, 8 July 2024 17:40 (20 minutes)
We study the W pair production at future lepton colliders. For the production of longitudinally
polarized W bosons, it is well known that large gauge cancellation occurs among the amplitudes,
especially at high energies, because of the energy growth of each amplitude. In this study, we

adopt a recently-proposed gauge fixing, so-called Feynman-Diagram gauge and revisit the process
to show such energy growth is absent in the FD gauge.
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Particle-flow reconstruction with Transformer

Monday, 8 July 2024 17:40 (20 minutes)

Transformers are one of the recent big achievements of machine learning, which enables realis-
tic communication on natural language processing such as ChatGPT, as well as being applied to
many other fields such as image processing. The basic concept of a Transformer is to learn relation
between two objects by an attention mechanism. This structure is especially efficient with large
input samples and large number of learnable parameters.

We are studying this architecture applied to the particle flow, which reconstructs particles by clus-
tering hits at highly-segmented calorimeters and assign charged tracks to the clusters.

We apply the structure inspired from a translation task, which uses the Transformer as both an
encoder and a decoder. An original sentence is provided to the encoder input leading to a trans-
lated sentence as output of the decoder. The latter is initially provided with a start token and then
recursively uses its own output as inputs to obtain the final translated sentence.

We supply hits and tracks to the encoder as input, and a start token to the decoder to obtain the
first cluster. Truth clusters information are provided at learning stage to compare with the decoder
output.

Detailed implementation of the network as well as initial results of particle flow reconstruction

using this method will be shown in the presentation.
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X-band dielectric assist accelerating structure.

A dielectric assist accelerating (DAA) structure, which consists special dielectric cell structures op-
erating in the TM02n mode, is greatly superior in power efficiency compared with the conventional
normal conducting copper structures. On the other hand, DAA structures stays at a low achiev-
able accelerating gradient due to multipactor and breakdowns. To overcome these problems, we
try to develop X-band standing-wave DAA structures and work to understand the physics of the
breakdown phenomena occurring inside them.

A two-cell DAA structure composed by sapphire cell structures has been developed. The unloaded
Q was measured to be above 60,000 at room temperature, in good agreement with the simulation
results. This DAA structure is to be tested using the X-band high power test facility, Nextef2
at KEK. In the high-power test, we plan to perform a short pulse RF excitation using step pulse
input in DAA structures to verify the potential of them to generate a high accelerating field. In
this conference, we will present the status and progress in the development of the X-band DAA

structure.
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Testing the gauged U(1)B-L model for loop induced
neutrino mass with dark matter at future colliders

We present a new viable benchmark scenario under the current experimental data for the model
which can explain the tiny mass of active neutrinos and dark matter. Majorana masses of right
handed neutrinos are given by the spontaneous breaking of the U(1)B-L gauge symmetry at the TeV
scale, and tiny neutrino mass are radiatively induced by quantum effects of particles of the dark
sector including the dark matter candidates. We first show the benchmark points which satisfy
current experimental data, and then discuss how this model can be tested at future experiments
including electron-position linear colliders.
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Cavity Beam Position Monitor Development for the
ILC Main Linac

For future particle colliders, cavity Beam Position Monitors (cBPMs) have emerged as the optimal
solution for precisely measuring the beam position, crucial for guiding and stabilizing high-energy
beams with nanometer precision, thus enhancing luminosity at the interaction point. Resonant
BPMs operate under the principle of detection of specific field configurations (resonant modes)
induced by an off-centered beam within a cavity.

Development is underway for a cryostat accommodating a reentrant cBPM and a superconducting
(SC) quadrupole for the ILC Main Linac. Initially, the cBPM and its associated electronics readout
system will undergo testing at ATF under ambient conditions and subsequently at STF for cryo-
genic temperature tests. Alignment of the SC quadrupole and ¢cBPM centers within the cryostat
is crucial for precise beam position determination. Moreover, the BPM prototype must be capable
of measuring the beam position on a bunch-by-bunch basis with temporal and spatial resolutions
of less than 6 ns (for STF) and 1 um, respectively.

Currently, electromagnetic simulations are being conducted using the commercial software CST
Studio Suite to evaluate BPM performance and converge towards a system that meets the afore-
mentioned requirements.

Additionally, a numerical method called BI-RME 3D is being employed to simulate the effect of a
well-defined beam on the cBPM, providing estimates of voltages and waveforms observed at the
output ports.

The selection of the read-out electronic system is critical to effectively down-convert the frequency
of the rapidly decaying signal (less than 6 ns) while preserving a spatial resolution of under 1 pm.
Looking ahead, initial tests are aimed to be conducted at ATF using an existing prototype devel-
oped by CEA-Saclay (France), along with the corresponding readout system, by the end of 2024.

The presentation aims to provide an overview of the cBPM working principle and the progress
made towards the new model.
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Overview on low mass scalars at e+e- facilities -
theory

Many new physics scenarios render a low mass scalar candidate. I will briefly discuss the current
status of such models, and give an short overview on current studies for such models at Higgs
factories, including efforts within the ongoing ECFA effort.
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Cavity Beam Position Monitor Development for the
ILC Main Linac

For future particle colliders, cavity Beam Position Monitors (cBPMs) have emerged as the optimal
solution for precisely measuring the beam position, crucial for guiding and stabilizing high-energy
beams with nanometer precision, thus enhancing luminosity at the interaction point. Resonant
BPMs operate under the principle of detection of specific field configurations (resonant modes)
induced by an off-centered beam within a cavity.

Development is underway for a cryostat accommodating a reentrant cBPM and a superconducting
(SC) quadrupole for the ILC Main Linac. Initially, the cBPM and its associated electronics readout
system will undergo testing at ATF under ambient conditions and subsequently at STF for cryo-
genic temperature tests. Alignment of the SC quadrupole and ¢cBPM centers within the cryostat
is crucial for precise beam position determination. Moreover, the BPM prototype must be capable
of measuring the beam position on a bunch-by-bunch basis with temporal and spatial resolutions
of less than 6 ns (for STF) and 1 um, respectively.

Currently, electromagnetic simulations are being conducted using the commercial software CST
Studio Suite to evaluate BPM performance and converge towards a system that meets the afore-
mentioned requirements.

Additionally, a numerical method called BI-RME 3D is being employed to simulate the effect of a
well-defined beam on the cBPM, providing estimates of voltages and waveforms observed at the
output ports.

The selection of the read-out electronic system is critical to effectively down-convert the frequency
of the rapidly decaying signal (less than 6 ns) while preserving a spatial resolution of under 1 pm.
Looking ahead, initial tests are aimed to be conducted at ATF using an existing prototype devel-
oped by CEA-Saclay (France), along with the corresponding readout system, by the end of 2024.

The poster aims to provide an overview of the cBPM working principle and the progress made
towards the new model.
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Feasibility study on the search for an exotic decay of
the Higgs boson into two light pseudoscalars in e+e-
collider

A feasibility study is conducted to search for an exotic decay of the Standard Model Higgs boson
decaying into a pair of light pseudoscalar bosons in the Cool Copper Collider (C3) experiment.
The Higgs boson is produced in association with a Z boson and the decay products consist of a
pair of b-quarks and tau leptons. The pseudoscalar bosons are probed over a mass range spanning
from 20 to 60 GeV. A simplified algorithm is devised to reconstruct the tau lepton in its hadronic
decay mode. A limit on the branching ratio of the Higgs boson to a pair of light pseudoscalars is
presented assuming 1 fb-1 of data.
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New developments in the Whizard event generator

We give a status report on new developments within the WHIZARD event generator. Impor-
tant new features comprise NLO electroweak automation (incl. extension to BSM processes like
SMEFT), loop-induced processes and new developments in the UFO interface. We highlight work
in progress and further plans, such as the implementation of electroweak PDFs, photon radiation,
the exclusive top threshold and features for exotic new physics searches.
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Heavy Neutral Leptons (HNL) at e+e- colliders -
theory

In this talk I will review the models motivating searches for heavy neutral leptons at future e+e-
colliders by linking their properties to different frameworks for neutrino mass generation and
mixing. Several different regimes of prompt decays vs. long-lived HNLs vs. displaced tracks will
be discussed together with their experimental signatures.
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BSM Triple Higgs couplings at the ILC/CLIC

To explain the baryon asymmetry in the universe a First Order Electroweak Phase Transition
(FOEWPT) in the early universe is favored. This requires a BSM Higgs sector, which introduces
additional Higgs bosons as well as the corresponding additional trilinear Higgs couplings (THCs).
Taking the 2HDM as a concrete example, we discuss how such BSM THCs might be accessible at the
ILC/CLIC via di-Higgs production. We also briefly analyze the effect of higher-order corrections
to the THCs.
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High Power RF Testing of REBCO Samples

SRF materials such as niobium have been extremely useful for accelerator technology but require
low temperature operation "4K. The development of high temperature superconductors (HTS) is
promising due to their operating temperatures being closer to that of liquid nitrogen “77K. This
work hopes to determine the high-power RF performance of such materials at X-band (11.424 GHz).
We have tested two kinds of REBCO coatings, film deposited, and tapes on a copper substrate.
Testing was done in a hemispherical TE mode cavity due to its ability to maximize the magnetic
field on the sample and minimize electric field. We will report on conductivity vs temperature
measurements at low and high power, as well as preliminary tests of a TM01 cavity which could
utilize REBCO tapes. We have observed quenching within these REBCO samples and explain the
evidence which implies that the quenching is most likely due to reaching the critical current and
due to average applied heat load for powers up to 1.6 kW.
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HOM Detuning and Damping of C-Band Distributed
Coupling Structure

Standing wave structures typically operate at the pi-mode. Evidently the cell length of such a
structure is half a wavelength. However, maximal shunt impedance per unit length was found to
be at a cell length of 3/8 wavelength, which corresponds to phase advance per cell of 135 degrees.
A distributed coupling structure at 5.712 GHz was developed based on the high efficient 135/de-
gree phase advance design. For practical linear collider designs, the structure must include HOM
detuning and damping to mitigate long-range wakefields effects. Due to the high cutoff frequency
of the cell iris, effective detuning and damping of the dipole HOMs at frequencies up to 40 GHz is
required. In this presentation we will present HOM detuning and damping schemes to meet the

long-range wakefield requirements of a linear collider design.
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The SiD Digital ECal Based on Monolithic Active
Pixel Sensors

Unprecedented precision is needed to address the Higgs physics with detectors at future e+e-
colliders. Linear colliders offer low duty cycles and low backgrounds, that greatly assist achieving
these goals. The SiD Collaboration is developing an application of Monolithic Active Pixel Sensor
(MAPS) technology for tracking and electromagnetic calorimetry (ECal). This technology offers
high granularity, thin sensors, fast responses (<nsec), and small dead areas. The low collider duty
cycle enables gaseous cooling for tracking and passive heat removal for calorimetry.

A MAPS prototyping effort (NAPA-p1) is led by SLAC in collaboration with CERN. This is aimed
at the linear collider tracking requirements, with complementary application to the ECal require-
ments. The device testing status is covered in an abstract submitted to the LCWS “Vertex, Tracking,
Timing” track. This calorimetry talk will briefly summarize that work, and concentrate on the ECal
design and system level considerations, as well as the ECal performance simulations.

Small pixels significantly improve shower separation in the ECal. Detailed simulation of ECal per-
formance confirms previous results, indicating electromagnetic energy resolution based on digital
hit cluster counting provides better performance than the 13 mm? pixels SiD TDR analog design.
Furthermore, two particle separation in the ECal is excellent down to the millimeter scale. Geant4
simulation results with optimized analysis based on machine learning has been studied to optimize
these expectations.
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Searches for Long-Lived Particles at the Future
FCC-ee

The electron-positron stage of the Future Circular Collider, FCC-ee, is a frontier factory for Higgs,
top, electroweak, and flavour physics. It is designed to operate in a 100 km circular tunnel built
at CERN, and will serve as the first step towards = 100 TeV proton-proton collisions. In addition
to an essential and unique Higgs program, it offers powerful opportunities to discover direct or
indirect evidence of physics beyond the Standard Model. Direct searches for long-lived particles
at FCC-ee could be particularly fertile in the high-luminosity Z run and at other collision energies.
Several physics cases producing long-lived signatures at FCC-ee are highlighted in this contribu-
tion: heavy neutral leptons (HNLs), axion-like particles (ALPs), and exotic decays of the Higgs
boson.
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Fragmentation functions at future lepton colliders

Fragmentation functions (FFs) are essential non-perturbative inputs for precision calculations of
hadron production cross sections in high energy scattering from first principle of QCD. They are
usually extracted from global analysis on world data from single inclusive hadron production at
lepton colliders, semi-inclusive DIS and pp collisions, e.g., as in recent NPC23 analysis. Future
lepton colliders operated at several center of mass energies will provide high-quality hadron mul-
tiplicity data from Z boson to W boson pair as well as Higgs boson production, and ensure an
accurate and precise determination of FFs based solely on data from lepton colliders. Projection
for several scenarios of future leptons colliders are considered and compared to FFs from most
recent global determination.
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Test beam experiment of the large prototype of high
granularity scintillator calorimeter for future
electron-positron colliders -performance evaluation -

Future electron-positron colliders, including the International Linear Collider (ILC) and the Cir-
cular Electron Positron Collider (CEPC), are currently proposed for the precise measurement of
the Higgs boson. These projects require high-resolution scintillator calorimeters to achieve fine
granularity. Our research focuses on the development of potential calorimeter options, namely
the Scintillator Electromagnetic Calorimeter (Sc-ECAL) and the Analog Hadron Calorimeter (AH-
CAL). These are sampling calorimeters that use plastic scintillator cells as detection layers, with ab-
sorber layers that generate showers and detection layers that capture particles from these showers
alternately arranged. To demonstrate the capabilities of these calorimeters, a prototype consisting
of 32 layers of ECAL and 40 layers of HCAL, reflecting the actual device design, was constructed.
Between April and June 2023, a beam test using this integrated prototype was conducted at CERN.
The tests involved muons (10, 100, 120 GeV), electrons (0.5-250 GeV), and pions (1-350 GeV) to
evaluate the energy response and resolution of SCECAL and AHCAL for electrons and pions. This
presentation will outline each detector and the beam test, and report the analysis results concern-
ing the performance of the detectors during the beam tests.
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Possible effects of the composite dark matter at the
linear collider

Monday, 8 July 2024 17:40 (20 minutes)

The existence of dark matter is currently one of the strong motivations for beyond the standard
model. We consider the model of the composite dark matter. Our model assumes that meson-like
dark matter (call it dark mesons) is a bounded state of dark quark (3) and anti-dark quark (1)) pairs,
where 1) and v have a confining force at work. Confining force is based on the QCD-like SU(N)
hidden color gauge theory. This dark matter sector connects to the Standard model via a real singlet
scalar particle. The SU (V) hidden color gauge sector in the dynamical chiral symmetry breaking
generates Nambu-Goldstone bosons (7 dark meson) and massive composite scalar bosons (¢ dark
meson) simultaneously. A real singlet scalar particle gives the current mass for the dark quark.
The current mass for dark quark breaks explicitly chiral symmetry. Nambu-Goldstone bosons are
massive, meaning they are dark matter candidates. We use an effective theory for dark matter
interactions in the framework of the linear sigma model. In the dark mesons of SU(N) hidden
color, the chiral partner of the 7 meson is the & meson (iso scalar-scalar). ¢ is also a candidate as
dark matter. We will investigate the missing energy for the final state of our model at HL-LHC
and the future linear collider.
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Classifying importance regions in Monte Carlo
simulations with machine learning

In this work, we attempt to classify regions in a multidimensional parameter space according to
their importance during a simulation. Considering that the parameter space could be high dimen-
sional and the simulated process could result in arbitrary shapes, we involve a neural network
in the process of guessing such shapes without running the full simulation for every point. We
illustrate the process with a few examples, including scattering processes with several outgoing
particles and compare with other known techniques for Monte Carlo simulations.
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Third family quark mass hierarchy and FCNC in the
universal seesaw model

We study the quark sector of the universal seesaw model with SU(2);, xSU(2)pxU(1)y gauge
symmetry in the massless limit of the two lightest quark families. This model aims to explain
the mass hierarchy of the third family quark by introducing a vector-like quark partner for each
quark. In addition to the Standard Model Higgs doublet, we also introduce one right-handed Higgs
doublet. In this presentation, we show the Z, Z’, h, H FCNC for the third family quark (¢, b) and
the heavy partner (¢, b’).
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WIMP search at future lepton collider

Monday, 8 July 2024 17:40 (20 minutes)

Minimal dark matter is one of the most motivated dark matter candidates, and many analyses at
collider experiments for this model have been discussed. In our work, we considered the search
for minimal dark matter at future high-energy lepton collider experiments. We found that the
indirect search, which measures the quantum correction to the muon elastic scattering, is much
more sensitive than the direct search. We also discussed the usefulness of the polarised muon
beam in this search.
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Higher-order effects in the trilinear Higgs coupling
for future collider experiments

Although the Higgs boson has been discovered, the couplings with the Higgs boson have room for
deviation from the Standard Model (SM) prediction. Each extended Higgs model is characterized
by its Higgs potential. Nearly aligned models where the shape of the Higgs potential is described by
one classical field include the classical scale invariance model (CSI), the pseudo-Nambu-Goldstone
model, the tadpole-induced model, and so on. This classification enables us to scrutinize numerous
numbers of models efficiently by measuring the trilinear Higgs coupling with high precision. In
this study, we calculate the trilinear Higgs couplings including loop contributions from the top
quark and new particles for various Higgs potentials, and investigate the feasibility of future col-
lider experiments. For several benchmark parameters, we show that the High-luminosity LHC
and the ILC are capable of discriminating several extended Higgs models. We present the result
of work in progress.
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Application of Particle Transformer to quark flavor
tagging in the ILC project

International Linear Collider (ILC) is a next-generation e+e- linear collider to explore Beyond-
Standard-Models by precise measurements of Higgs bosons. Jet flavor tagging plays a vital role
in the ILC project by identification of H->bb,cc,gg,ss to measure Higgs coupling constants and of
HH->bbbb and bbWW which are the main channels to measure the Higgs self-coupling constant.
Jet Flavor Tagging relies on a large amount of jet information such as particle momenta, energies,
and impact parameters, obtained from trajectories of particles within a jet. Since jet flavor tagging
is a classification task based on massive amounts of information, machine learning techniques
have been utilized for faster and more efficient analysis for the last several decades.

In recent years, a novel machine learning architecture from natural language processing called
Transformer has been developed, and it has been showing state-of-the-art performances in multi-
ple fields. Particle Transformer (ParT) is a software that applies the Transformer architecture to
jet analysis, including jet flavor tagging. In this study, we apply ParT to ILD full simulation data
to improve the efficiency of jet flavor tagging.

Our research focused on evaluating the performance of ParT compared to the previously used
flavor tagging software, LCFIPlus, and optimizing network architectures and input parameters.
Specifically, we verified performance stability through multiple training runs, assessed the perfor-
mance when independently embedding charged particles and neutral particles, and evaluated the
dependence on data size and number of learnable parameters. We will also report on the status of
performance study of strange tagging using ParT with ILD full simulation, which can be applied
on analysis of Higgs-strange coupling.
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Development of particle flow algorithm with GNN
for Higgs factories

Particle flow plays an important role in precise measurement of Higgs bosons at future lepton col-
liders such as ILC and FCCee. Various detector concepts are designed to maximize the effect of
particle flow to be able to separate each particle s inside jets and improve the resolutions. For the
standard particle flow algorithm, PandoraPFA is used for long in ILC studies. It is a multi-step re-
construction algorithm consisting of clustering, track-cluster association, and various refinement
processes. We have studied machine learned particle flow model using Graph Neural Network
based algorithm developed in the context of CMS HGCAL clustering. This model utilizes GravNet
as GNN architecture and Object Condensation loss function for training. Since the HGCAL algo-
rithm only performs clustering at the calorimeter, we developed track-cluster matching feature
inside the network to realize full PFA. Details of initial implementation of the track-cluster match-
ing algorithm as well as performance evaluation with multiple tau events and jet vents will be
shown. We also report the comparison result between computational performance of the machine
learned algorithm and the PandoraPFA.
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Status of high granular scintillator calorimeter for
future electron positron colliders

Several future Higgs factories are planned for the precision Higgs physics to search for the new
physics. The highly granular calorimeters play a crucial role on the precision Higgs measurement.
The highly granular Sc-ECAL is based on a scintillator strip readout by a SiPM to realize the 5 mm
x 5 mm cell size by aligning the strips orthogonally in x-y configuration. In order to demonstrate
the performance of the Sc-ECAL and the scalability to the full-scale detector, the technological
prototype has been developed with full 32 layers. In 2022 and 2023, the combined beam test of the
Sc-ECAL and the CEPC-AHCAL, which is the scintillator based HCAL designed for the Circular
Electron Positron Collider, is conducted at CERN SPS and PS beam lines to demonstrate the full
calorimeter performance and the per-channel calibrations and performance demonstration are
successfully done. This presentation describes the status the Sc-ECAL analysis of the combined
beam test.
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Collider phenomenology of the TeV-scale model
with a common origin of neutrino mass, dark matter
and baryon asymmetry

The origins of tiny neutrino mass, dark matter and baryon asymmetry of the Universe remain
big mysteries in particle physics. To explain all these phenomena, a new physics model with a
Higgs sector extended at the TeV scale was proposed by Aoki, Kanemura and Seto. However,
CPV phases were neglected for simplicity, and the baryon number production via electroweak
baryogenesis had not been evaluated. We have revisited this model including CPV phases and have
investigated several phenomena including neutrino mass generation, dark matter relic abundance
and electroweak baryogenesis. Future high-energy linear colliders are expected to play a crucial
role in probing this model. In this talk, we will present some benchmark scenarios of the model
where neutrino mass, dark matter and the baryon asymmetry can be simultaneously explained
while satisfying all the theoretical and experimental constraints and discuss their predictions in
future linear collider experiments.
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Excellent time resolution and high rate capable
Cherenkov detector for next-generation calorimetry

Several future collider experiments are proposed for precise measurement of Higgs that require
calorimeter technology with excellent jet energy resolution. To fulfill the requirement, this study
aims to develop next-generation calorimetry that combines “particle flow calorimetry” and “dual-
readout calorimetry”. For the aspect of particle flow calorimetry, highly segmented readouts are
implemented in the active layers. At the same time, for the aspect of dual-readout calorimetry,
two different kinds of signal generation: scintillation and Cherenkov radiation are used to improve
energy reconstruction for hadrons. This study also turns the spotlight on the timing measurement
of the calorimeter. It is to establish a detector technology of picosecond-level time resolution for
a large detection area and to investigate the impact of timing information as additional input for
particle flow or cut for background reduction. As a result, the proposed calorimetry precisely mea-
sures not only energy but also position and timing and opens access to the “5D calorimeter”.

To realize such a concept, a Cherenkov detector with highly segmented readouts and picosecond-
level timing resolution that can cover a large area is required. Cherenkov light generated by
charged particles is converted to photoelectrons by a photocathode and subsequently amplified
by the Resistive Plate Chamber (RPC) is one candidate for such a detector. Notably, the ampli-
fication layer utilizes an RPC with a Diamond-like Carbon (DLC) electrode, providing high-rate
capability overcoming the conventional drawbacks of RPCs.

This presentation describes the demonstration of the detector concept of the Cherenkov detector.
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Double Higgs production in composite two Higgs
doublet model

The precise measurement of the 125 GeV Higgs boson is one of the powerful ways to probe new
physics. In particular, it is known that a large deviation from the SM predictions can appear in the
di-Higgs production process e.g., via new physics effects of the triple Higgs boson coupling.

In this talk, we discuss the theoretical behavior of the di-Higgs production cross section in the
composite two Higgs doublet model.

We then discuss how new particles of the model (additional Higgs bosons and heavy top quark
partners) affect this process.
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The new Sherpa 3.0 event generator

Accurate and fully differential predictions are crucial inputs for the precise experimental analyses
at linear colliders and are typically provided by parton shower Monte Carlo programs. The event
generator Sherpa with its focus on the inclusion of higher-order EW and QCD effects is available
in a new version 3.0 this year and we will summarise its new features in particular where they
relate to linear colliders.
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The 95 GeV Higgs at ¢*e™ colliders

Several searches for Higgs bosons below 125 GeV show an excess around my = 95.4 GeV. These
include in particular gg — ¢ — 7 at CMS and ATLAS and eTe™ — Z* — Z(¢ — bb) at LEP.
We discuss BSM Higgs sectors that can accommodate these excesses. We demonstrate that such a
light Higgs boson can be analyzed in detail at e*e™ colliders.
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Longitudinally-split side-coupled
high-shunt-impedance C-band structure fabricated
in two halves

Side-coupled structures operated with 7/2 mode have been widely used particularly for compact
linacs. The structure has various advantages; however, there are some difficulties in fabrication
due to many complicated parts to be bonded in the conventional fabrication method. On the other
hand, longitudinally-split structures are easy to fabricate due to the small number of parts (two
halves or four quadrants). In recent years, in collaboration with Mitsubishi Heavy Industries, we
have been developing longitudinally-split side-coupled C-band structure fabricated in two halves
with a high shunt impedance based on our successful experience on the quadrant-type X-band
CLIC prototype structure development. We report the status and results of this project.
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Longitudinal structure optimization for the high
density electromagnetic calorimeter

High density electromagnetic sandwich calorimeters with high readout granularity are considered
for many future collider and fix-targer experiments. Optimization of the calorimeter structure from
the point of view of the electromagnetic shower energy, position and direction measurement is one
of the key aspects of the design. However, mostly uniform sampling structures were considered
so far. We developed a semi-analytical approach to study calorimeter performance based on the
detailed Geant 4 simulation, which also allows to compare the expected performance for different
non-uniform longitudinal readout structures. This methodology enables us to find out the best
calorimeter instrumentation pattern upon a specified usage scenario or optimization goal.
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DuTiP Vertex Detector for Belle Il Upgrade and ILC

Belle IT ugpgrade is expected around 2028 to mitigate the high background induced by electron and
positron beams. We have invented a new pixel detector concept named Dual Timer Pixel (DuTiP)
for the vertex detector upgrade. This pixel detector concept can be also used for the layer 7 and
8 of the ILD vertex detector. The first prototype was fabricated with lapis semiconductor 200 nm
FD-SOI technology and characterization is ongoing. We will present the status and prospects of
the development.
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Impact of quark flavor violating SUSY on h(125)
decays at future lepton colliders

We study the CP-even neutral Higgs boson decays h -> ¢ \bar{c}, b \bar{b},

b \bar{s}, \gamma \gamma, g g in the Minimal Supersymmetric Standard Model (MSSM)
with general quark flavor violation (QFV) due to squark generation mixings,
identifying the h as the Higgs boson with a mass of 125 GeV. We compute the widths
of the h decays to ¢ \bar ¢, b \bar b, b \bar s (s \bar b) at full one-loop level.

For the h decays to \gamma \gamma and g g we compute the widths at NLO QCD level.
For the first time, we perform a systematic MSSM parameter scan for these widths
respecting all the relevant theoretical and experimental constraints, such as those

from B-meson data, and the 125 GeV Higgs boson data from recent LHC experiments,
as well as the limits on Supersymmetric (SUSY) particle masses from the LHC experiments.
We also take into account the expected SUSY particle mass limits from the future HL-LHC
experiment. In strong contrast to the usual studies in the MSSM with Minimal Flavor
Violation (MFV), we find that the deviations of these MSSM decay widths from the
Standard Model (SM) values can be quite sizable and that there are significant
correlations among these deviations. Furthermore, we point out that the experimental
measurement uncertainties as well as the MSSM prediction uncertainties tend to cancel
out significantly in the width ratios, making the measurement of these width ratios

a very sensitive probe of virtual SUSY loop effects in these h decays at future lepton
colliders. All of these sizable deviations in the h decays are mainly due to large
scharm-stop mixing and large sstrange-sbottom mixing. Such sizable deviations from
the SM can be observed at high signal significance in future lepton colliders such

as ILC, CLIC, CEPC, FCC-ee and muon collider even after the failure of SUSY particle
discovery at the HL-LHC. In case the deviation pattern shown here is really observed
at the lepton colliders, then it would strongly suggest the discovery of QFV SUSY

(the MSSM with general QFV).

References:

Phys. Rev. D 91 (2015) 015007; JHEP 1606 (2016) 143; IJMP A34 (2019) 1950120;
PoS(ICHEP2022) 536; PoS(EPS-HEP2023) 487.
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Laser and plasma accelerator research for high
energy physics at the BELLA Center

Monday, 8 Fuly 2024 17:40 (20 minutes)

The BELLA Center has been pursuing laser and laser-plasma accelerator (LPA) research for high
energy physics. One of the ultimate goals is to provide a building block for future linear colliders.
At the flagship 1-Hz 1-PW laser facility, the development of a 10-GeV class LPA module is ongoing,
and such modules in series are envisioned as the path to a high energy collider at TeV energies
and beyond. To achieve the desired luminosities required for such a collider, high repetition-rate
(tens of kHz) laser sources are needed. To meet these requirements, the BELLA Center is pursuing
a promising technology based on the coherent combining of fiber lasers. In this presentation, the
current status of those researches are discussed.
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RF breakdown studies at nanosecond timescales
using structure wakefield acceleration

High-energy particle accelerators are crucial to the next big discovery in particle physics. To re-
duce the size and cost of particle accelerators, increasing the accelerating gradient (energy gain per
unit length for the particle beam) is of critical importance. Advanced accelerator concepts (AACs)
hold the promise of revolutionary future particle colliders with dramatically higher gradients than
what conventional accelerator technologies allow. One advanced concept, structure wakefield ac-
celeration (SWFA), aims to raise the gradient and the efficiency by confining the microwave energy
in a short and intense pulse. The SWFA concept has inspired a new approach to generate nanosec-
ond RF pulses with a high peak power (on the order of a few hundred megawatts). By using the
short RF pulses to study RF breakdown on the nanosecond time scale, we have demonstrated that
the short pulse length could potentially mitigate the impact of RF breakdown, and the beam-driven
short-pulse acceleration technique could enable a new class of compact accelerators.
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Advanced structures R&D for structure wakefield
acceleration at the Argonne Wakefield Accelerator

Wednesday, 10 July 2024 14:40 (20 minutes)

Research and development on novel structures is at the core of advancing structure wakefield accel-
eration (SWFA), and is critical to future AAC-based linear colliders. In this talk, I will present recent
progress on the R&D of advanced radiofrequency (RF) structures for Structure Wakefield Accel-
eration, metamaterial structures, and sub-terahertz structures. The experiments were performed
at the Argonne Wakefield Accelerator (AWA) facility, where we capitalized on the capability of
generating shaped-electron bunches to improve SWFA performance.
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The Quest of Building a TPC Field Cage

For ILD, one of the detector concepts for the proposed International Linear Collider, a time projec-
tion chamber (TPC) is foreseen as the central tracking detector. The R&D effort within the LCTPC
collaboration has been centred around a common infrastructure setup operated at the DESY II Test
Beam Facility. This setup includes a large field cage as test bed for the different readout technolo-
gies to be studied under comparable conditions. A second iteration of this field cage has recently
been constructed to improve on the shortcomings noticed with its predecessor. The construction
was repeatedly delayed and interrupted due to the COVID-19 pandemic but these delays yielded
insights that may not otherwise have been observed during an ordinary course of operations.
Methods and findings from the build process will be reported.
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Decoding Higgs Boson Branching Ratios from Event
Shape Variables

In this talk I will discuss a novel strategy [1] for the simultaneous measurement of Higgs-boson
branching ratios into gluons and light quarks at a future lepton collider operating in the Higgs-
factory mode. The method is based on template fits to global event-shape observables, and in

particular fractional energy correlations, thereby exploiting differences in the QCD radiation pat-
terns of quarks and gluons. This is

orthogonal to measurements based on traditional tagging methods based mainly on displaced ver-
tices and allows for an extraction of limits on both Higgs boson to gluon- and light quark branching
ratios separately. I will also comment on state of the art calculations for the relevant observables

based on [2].

[1] Eur.Phys.].C 84 (2024) 1, 83
[2] arXiv:2403.06929
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The Alaric parton shower algorithm

Parton showers are important tools in the event generation chain for future collider. Recently,
their formally achieved accuracy has been under extended scrutiny. In this talk I will present a
novel take on dipole parton showers [1], resulting in the design of a new parton shower called
Alaric that is implemented in the Sherpa framework. I will discuss its resummation properties and
show analytic and numerical proofs of its NLL accuracy. I will discuss the latest developments, see
[2], and their implications for final state evolution.

[1] JHEP 10 (2023) 091
[2] arXiv:2404.14360
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Searching for heavy neutral leptons through exotic
Higgs decays at the ILC

In this study we investigate the feasibility of detecting heavy neutral leptons (V) through exotic
Higgs decays at the proposed International Linear Collider (ILC), specifically in the channel of
ete” — qq H with H — vNy — v IW — vl qq. Analyses based on full detector simulations of
the ILD are performed at the center-of-mass energy of 250 GeV for two different beam polarization
schemes with a total integrated luminosity of 2 ab™'. A range of heavy neutral lepton masses
between the Z boson and Higgs boson masses are studied. The 20 significance reach for the
joint branching ratio of BR(H — vNg) - BR(Ng — W) is about 0.1\%, nearly independent of
the heavy neutral lepton masses, while the 50 discovery is possible at a branching ratio of 0.3%.
Interpreting these results in terms of constraints on the mixing parameters |¢;4|> between SM
neutrinos and the heavy neutral lepton, it is expected to have a factor of 10 improvement from

current constraints.
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Physics Considerations for 10-30 TeV e+e-, yy, and
p+p- Colliders
Tuesday, 9 July 2024 09:00 (20 minutes)
After the program of Higgs boson physics at a linear collider is completed, we expect that the
long, straight tunnel can be used with advanced acceleration methods, such as plasma wakefield,
to create a higher-energy collider in the 10’s of TeV CM region. This might be an e+e- or a yy
collider. (Circular) muon colliders are also discussed for this energy regime. I will discuss the

physics goals of these machines, the luminosity requirements, and the trade-offs among the p+p-,
e+e-, and yy options.
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A CP violating top-Higgs coupling with SMEFT in
the Feynman-Diagram gauge

Monday, 8 Fuly 2024 17:40 (20 minutes)

We calculate the cross section for the process pn~ p* — v, ,ttH with complex top Yukawa cou-
pling, which can be obtained by adding a gauge invariant dimension-6 operator to the Standard
Model (SM) Lagrangian. The Feynman-Diagram (FD) gauge and the unitary (U) gauge amplitudes
give exactly the same cross section, and subtle gauge theory cancellation among diagrams in the
U gauge at high energies is absent in the FD gauge, as has been observed for various SM processes.
In addition, we find that the total cross sections at high energies are dominated by a single, or a

set of non-vanishing Feynman amplitudes with the higher dimensional vertices in the FD gauge.
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A Wakefield Resilient, High Shunt Impedance
Accelerating Structure for the Cold Copper Collider

The initial proposed design of the Cold Copper Collider (C3) is based on a distributed coupling
accelerating (DCA) rf structure where the phase advance between the accelerating standing wave
cavities is 7. In these cavities the aperture radius is 2.624 mm and the corresponding shunt
impedance is 300 MQ/m with 77K copper walls. We propose a novel DCA rf structure with 3m/4
phase advance between the individually fed cavities aperture radius of 3.55mm for the same shunt
impedance and the peak field constraints. Because of this 35% larger aperture, this rf structure
is much more resilient to both short-range and long-range wakefield effects. The researchers at
SLAC have already proposed and designed a 37/4 DCA with four feeding waveguide manifolds.
The implementation of four waveguide manifolds is, however, mechanically challenging. Here,
we present a novel 37/4 DCA for C3 which is based on only two waveguide manifolds. This rf
structure comprises of 56 cavities where cavities are fed in pairs through a standard = phase ad-
vance rf manifold. This is achieved by pairing the cavities as, first and third, second and forth,
and so on. With such pairing, the phase advance between the two cavities in a pair is 7/2 and the
phase advance between successive pairs is . The copper cavities are designed to give a coupling
coefficient of 1.82 at 77K temperature, as required for critical coupling to accelerate 190 mA with
70 MV/m gradient.
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Status and Plans for the C3 Quarter Cryomodule

To achieve target performance of the C3 accelerator, many elements will need to be manufactured,
assembled, and aligned in use to very tight tolerances. Testing of accelerating structure manu-
facturing, alignment, mounting, and liquid nitrogen cooling will be performed at SLAC using an
accelerator length of approximately 2 meters. This talk will review progress and plans toward com-
missioning a Quarter Cryo-Module “QCM”test system including the design of a 1 meter length of
accelerating structure and the support and alignment system required for test. This system review
will include details of the vacuum insulated cryostat sized to allow testing 2 sections of 1m long
accelerating structure with quad and BPM supported on a frame representative of a system that
could be used in the C3 target cryo-module containing 8 meters of accelerating structure. It is in-
tended that the QCM system will be used to evaluate a series of accelerating structures, supports,
and measurements techniques. Some of the initial plans will be reviewed in this talk.
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High Gradient Testing of a Meter-Scale
Distributed-Coupling C3 Accelerating Structures

In this paper we report on the design, fabrication, tuning and high-power RF testing of the fun-
damental accelerating structure for the Cool Copper Collider (CCC). The results presented here
cover the temperature range from room temperature to liquid nitrogen boil off: 200C - 77 K

At room temperature, RT, with a N2 gas purge of 1 atmosphere, the CCC structure was tuned to a
resonance frequency of < fo> = 5.693 420 GHz, at 77K the structure tuned frequency is reported as
< fo> =5.712 057 667 GHz. The repeatability of the CCC structure to undergo both vacuum pump
down and thermal cycles from RT to LN2 will be presented.

For the high-power RF testing the CCC structure was immersed in liquid nitrogen at the Radia-
beam C-Band test facility. High Power RF breakdown data will be present along with our future
experimental plans.
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Jet origin identification for electron positron Higgs
factory

To enhance the scientific discovery power of high-energy collider experiments, we propose and
realize the concept of jet origin identification that categorizes jets into 5 quark species (b, c, s, u,
d), 5 anti-quarks (b, "¢, 7s, "u, ~ d), and the gluon. Using state-of-the-art algorithms and simulated
v vH,H —jj events at 240 GeV center-of-mass energy at the electron-positron Higgs factory, the
jet origin

identification simultaneously reaches jet flavor tagging efficiencies ranging from 67% to 92% for
bottom, charm, and strange quarks, and jet charge flip rates of 7% to 24% for all quark species.
We apply the jet origin identification to Higgs rare and exotic decay measurements at the nominal
luminosity of the Circular Electron Positron Collider (CEPC), and conclude that the upper limits
on the branching ratios of H — s7s,u™u, d ~ d, and H — sb, db, uc, ds can be determined to 2x10-4
to 1x10-3 at 95% confidence level.

We also discussed its application on EW and Flavor Physics measurements at future electron-
positron Higgs factory.
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Design of the ILC electron-driven positron source
and utilization of black-box optimization

The International Linear Collider (ILC) represents the next generation of electron-positron collid-
ers, designed to operate at center-of-mass energies ranging from 250 GeV, with plans to extend up
to 1 TeV in the future. This opens up a broad spectrum of possibilities for exploring physics beyond
the Standard Model. The ILC requires advanced engineering technology and meticulous design to
generate large quantities of positrons. In the design of the ILC electron-driven positron source,
simulation tools such as Geant4, GPT, and SAD are employed. In a significant shift from the pre-
vious human-intensive, step-by-step optimization procedures, we have now embraced black-box
optimization methods, including Bayesian optimization, to streamline and enhance the parameter
optimization of the positron source accelerator system. This methodological evolution has not
only boosted efficiency but also redirected more resources towards further design improvements.
By incorporating machine learning techniques from the initial stages of accelerator design, we
anticipate the development of accelerators that are not only more efficient but also significantly
more precise. Here, we present the current status of the ILC electron-driven positron source and
its design methodology.
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Towards production readiness with the Key4hep
software stack for future colliders

Physics studies for future colliders require a reliable software environment. For many years this
has been delivered by iLCSoft for the linear collider communities. In the last five years a com-
mon effort of several communities, including ILC, CLIC, FCC and CEPC, have collaborated on the
Key4hep software stack to deliver a common software stack for all future collider communities.
This software stack has been used for physics studies already and is reaching production readiness.

This presentation an overview of the current status of Key4hep, giving special emphasis on the
developments that are particularly relevant for the linear collider communities. We will show the
seamless integration of existing reconstruction and analysis software that have been developed
in the last 15 years by the linear collider communities. Additionally, we will lay out the path
forward from a software perspective and report on experiences from migrating the standard ILD
reconstruction chain towards Key4hep. Additionally, we show some new developments for ILD
that are currently ongoing within Key4hep. Finally, we report on currently ongoing developments
and future plans.
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Fast Timing for Particle ID

The identification of certain charged hadron species, e.g. Kaons and protons, plays an important
role in many physics analyses. Time-of-flight measurements can contribute to identifying these
particles if both the length of the flight path as well as the time of arrival can be determined with
sufficient precision. This contribution will discuss the recent progress on both aspects, and in
particular compare classic as well as machine-learning based algorithms in order to estimate the
time-of-arrival at the calorimeter front from the time measurements of individual hits in a shower
or MIP trace.
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Capture Cavities for the CW Polarized Positron
Source Ce+BAF

The initial design of the capture cavities for the continuous wave (CW) polarized positron beams
at Jefferson Lab (Ce+BAF)is presented. A chain of standing wave multi-cell copper cavities inside
a solenoid tunnel are selected to bunch/capture positrons. The cavity design strategy is presented
to accommodate constrains from the large phase distribution of the incident beams, RF power,
radiation and RF heating, beam loading, etc. to improve the capture efficiency. A matrix of design
parameters’ range are given for future system optimization when the the capture cavities are con-
sidered together with other sub-systems and beam dynamics. The contents will also be useful for
other CW cavity design for beams with large phase space distribution.
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Status of the drift chamber project for the IDEA
detector proposal for FCC-ee

The future circular electron-positron collider FCCee is receiving much attention in the context of
the FCC Feasibility Study currently in progress in preparation for the next EU strategy update.
The most recent status of the R&D of the drift chamber project for the IDEA detector concept is
presented. We discuss the physics requirements, the technical solutions chosen to address them,
the performance of the cluster counting technique to improve the particle identification capability
of the detector by using testbeam data, and the further steps on the path of the construction of a
full-lenght prototype.
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Challenges and breakthroughs in recent RF Solid
State PA design by Radial Combiner design with
Initiatives for SDGs

R&K, an independent company, has achieved production of 2.3 million 1.9GHz microwave power
amplifiers for mobile-comm’s-base-stations and then also supplies wideband power amplifiers for
automobile EMC testing for domestic automobile industries. Then 16 years ago, we started new
design and producing some hundreds kW RF SSA for accelerator applications instead of Klystron
/ tube alternatives.

The measure characteristics of this amplifier is possible to design a band in a very wide frequency
range available from few MHz to 14 GHz, and there is also max-power-changing capability in few
kW to few MW design available even after system completed. Recently, SSA has gained significant
advantages over vacuum tubes in terms of size, low power consumption, high efficiency, low cost,
and adaptive power design. In addition to these, we have found that SSA has very low phase noise
and low envelope noise that cannot be achieved with vacuum tubes.

All these points suggest a strong trend toward solid-state amplifiers and a move away from vacuum
tube systems, even for power amplifiers used in particle accelerators. There is no doubt that all
these improved performances will eventually lead to a strong trend towards his SDGs.
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Global EFT fits for future colliders

We present SMEFiT3.0, an updated global SMEFT analysis of Higgs, top quark, and diboson pro-
duction data from the LHC complemented by electroweak precision observables (EWPOs) from
LEP and SLD. We consider recent inclusive and differential measurements from the LHC Run II
and estimate the impact of HL-LHC measurements on the SMEFT parameter space when added
on top of SMEFiT3.0, through dedicated projections extrapolating from Run II data. We quantify
the significant constraints that measurements from two proposed high-energy circular colliders,
the FCC-ee and the CEPC, would impose on both the SMEFT parameter space and on represen-
tative UV-complete models. The framework presented in this work may be extended to other
future colliders and running scenarios, providing timely input to ongoing studies towards future

high-energy particle physics facilities.
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Update of the CLIC RTML

The CLIC RTML was simulated and optimised for the 380 GeV energy stage. Some remaining
problems in the RTML design were solved and the baseline design was finalised. The cost for the
BC2 and the bunch phase shift effect were minimised.Static imperfections were studied with the
emittance budget well achieved after BBA corrections. Jitter amplification was also studied. The
possibility of using X-band or C-band booster linac was also studied.
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ttbar-threshold: Focus topics for the ECFA study on
Higgs / Top / EW factories

I present the status of the ECFA Higgs/EW/Top Factory workshop activities for the ttbar-threshold
focus topic (see https://arxiv.org/pdf/2401.07564).

An expert team has been setup aiming to provide a firm basis for the projected precision of the
top quark mass and width measurements from a scan of the center-of-mass energy through the
top quark pair production threshold. The prospects for measurements of top quark electro-weak
couplings are included in the study, too. The goal is to provide a realistic estimate of statistical
uncertainties, and systematic uncertainties from theory and experiment.
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Tracking Performance Study for Future Circular
Collider (FCCee) with CLD Detector

The Future Circular Collider electron-positron (FCCee) feasibility study involves assessing the ca-
pabilities and performance of potential detector configurations. This study focuses on the impact
of various detector parameters on tracking performance. Specifically, the influence of different ge-
ometries, material budgets, and magnetic field strengths on the precision and efficiency of tracking
performance within the CLIC-Like Detector is investigated.

Tracking performance is evaluated using full simulations. The effects on track reconstruction effi-
ciency and resolution are assessed by adjusting the detector geometry and material. Additionally,
the influence of magnetic field strengths on tracking accuracy is explored.

This study provides valuable insights into optimising the design parameters of the FCCee detector
to achieve high tracking performance, contributing essential information for the ongoing FCCee
feasibility study and future collider detector development.

Keywords: FCCee feasibility study, CLD, Full simulation, tracking performance, detector geometry
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Searching for new physics in WW and single-W
events

Pair- and single-production of W bosons provide many opportunities to look for new physics
via precision measurements, for instance via scrutinizing the involved triple-gauge vertices or by
measuring CKM matrix elements in an environment very complementary to B hadron decays.
This contribution presents the ongoing work based on full simulation of the ILD detector concept,
exploiting the O(10°8) W bosons produced during the 250 GeV stage of the ILC.
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Towards an update of the ILD ZHH analysis

The double Higgs-strahlungs process ee -> ZHH allows to access the Higgs self-coupling at ener-
gies above "450 GeV. It exhibits a very different BSM behaviour than fusion-type processes like
gluon-gluon fusion at LHC (and future hadron colliders) and WW / ZZ fusion at higher energy
lepton colliders. Therefore it adds unique information to the picture, in particular should the value
of the Higgs self-coupling differ from its SM prediction. The last full evaluation of the ILC’s po-
tential to measure this process is more than 10 years old, and many of the reconstruction tools
received very significant improvements since. This contribution will present the ongoing work in
ILD to update the ZHH projections for the next European Particle Physics Strategy Update.
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ScandiNova modulators for electron-driven positron
source in ILC project

The International Linear Collider (ILC) is an electron-positron linear collider to explore physics
beyond the Standard Model of particle physics in the center of mass energy of 250 GeV to 1 TeV.
In the TDR, to make a positron, a helical undulator of more than 150 m long will be planning to
insert in the main electron linac.

And in parallel, to mitigate the risks associated with the project, a backup system by using electron-
driven positron source has been studying. In this paper, we will describe the solid state modulator
with klystron, called “RF unit”, which maybe possible to realize the ILC positron source.
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Progress of research on corrugated wakefield
structures in PAL working group.

Wednesday, 10 July 2024 15:00 (20 minutes)

Our research group, composed of Pohang Accelerator Laboratory, Korea University, Northen Illi-
nois Universiy, and Argonne Wakefield Accelerator Facility, is researching on wakefields gener-
ated in corrugated structures. Main goal of our research is to make several applications such as a
THz source in the GW scale, wakefield accelerators and IR-FELs.

As a first step, we designed and fabricated structures in the 200 GHz frequency range, and their
performance were validated by the experimental results in AWA. In the first experiment, even
with a fabrication tolerance of around 10 micrometers, the simulation results matched well with
the experimental results. We are developing more precise fabrication methods by lithography for
higher output power and frequency. As the second step, we are preparing to fabricate corrugated
structures around 425 GHz and demonstrate GW-level THz output.
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Recent updates of BSM searches at CMS and future
prospects at HL-LHC

This talk covers recent highlights of BSM searches from the CMS experiment and future prospects
at HL-LHC.
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Luminosity Spectra of Multi-TeV PWFA
Gamma-Gamma Colliders

Tuesday, 9 July 2024 09:20 (20 minutes)

There is growing interest in the gamma-gamma configurations of multi-TeV PWFA colliders since
they do not require positrons or flat beams and may have the same particle physics potential as
multi-TeV electron positron or muon anti-muon colliders. In this report the CAIN Monte Carlo is
used to study the luminosity spectra of several gamma-gamma configurations assuming a round
beam 15 TeV PWFA electron electron collider with a geometric luminosity of 1.5e36 cm-2 s-1. As
a starting point, the parameters for optical laser and X-ray laser gamma gamma Higgs factory
designs are scaled to 15 TeV center-of-mass energy. Wide variations in the luminosity spectra are
observed as the laser wavelength is varied. Large beam-beam electromagnetic fields strengths —
approaching 60% of the Schwinger field in some cases —play a major role in determining the size
and shape of the gamma-gamma luminosity spectra.
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Reimagining Linear Collider Luminosity
Measurement

Our recent work has shown that a novel, much higher granularity

forward calorimetry concept can enable much more detailed and precise
reconstruction than the baseline designs based on LEP luminometers, together
with the capability of electron/positron/photon separation.

This new calorimeter concept is designed primarily to maximize the acceptance
for eTe™ — 77 as an alternative luminosity process, where it serves

to define the inner edge of the acceptance (there is no outer edge - as the

complete detector is used in the measurement), while continuing to provide

the standard luminosity measurement from small angle Bhabhas. It will also

serve as a general forward electromagnetic calorimeter helping ensure hermeticity
and detecting individual electrons, positrons and photons.

In this contribution we will highlight the Bhabha rejection capability in the
context of the e"e™ — v luminosity measurement and investigate the
utility of a Bhabha “mini-tracker” consisting of a few planes of

upstream thin silicon detectors. This will further refine the e/e™ polar angle
measurement, improve Bhabha rejection (for v+), and,

last-but-not-least, help mitigate the beam-induced electromagnetic deflection
that biases the Bhabha acceptance by providing high precision longitudinal
vertex information in Bhabha events than can be used in diagnosing this
beam/final-state /e~ effect.
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Photon and Electron Reconstruction in an
Ultra-High Granularity Luminosity Calorimeter

Our recent work has shown that a novel, ultra-high granularity,

forward calorimetry concept can enable much more detailed and precise

reconstruction than the compact baseline designs based on LEP luminometers, together
with the capability of electron/positron/photon separation.

In this contribution we will highlight the significantly more precise

measurements of photon four-vectors using both much better sampling for

high performance energy resolution (4%/v/E) and the use of the energy deposition
around the initial photon conversion point rather than the traditional shower
center-of-gravity based estimates. We will also include related results on shower fitting.
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SRF programs towards High-Q/High-G cavities in
IJCLab

IJCLab has been leading development and deployment of low-beta SRF cavities for proton and
heavy ion accelerators.

We are launching a new project for sustainable Energy Recovery Linac (iSAS/PERLE) with state-
of-the-art SRF cavities at 800 MHz.

Our proposal includes advanced heat treatment of such cavities to reach excellent quality factor
at high fields.

In this talk, we overview the status of this activity and its technical synergy with other SRF projects,
such as FCCee, EIC, and ILC.
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Higgs Production at \mu"+ \mu"+ Colliders

Muon colliders offer exciting new opportunities to explore the Standard Model and beyond by uni-
fying the energy and precision frontiers, thus also facilitating deeper insight into the Higgs sector
central to the Standard Model. In this work, motivated by recent developments in anti-muon cool-
ing, we explore the prospects of Higgs production at \mu"+ \mu"+ colliders. At high energies,
Higgs production is dominated by WW-fusion, which for \mu"+ \mu"+ colliders occurs via split-
ting of an intermediate photon into a W"+ W"- pair. However, collinear photon emissions lead
to numerical instabilities that make computations using event generators difficult. We therefore
propose splitting the phase-space into the sum of a non-collinear region calculable using event
generators, and a collinear region approximated by a parton distribution function for the photon.
We thus find that the cross-section for Higgs-production at \mu"+ \mu"+ colliders is almost as big
as for \mu"+ \mu"- colliders, and in particular for polarized anti-muons, is only smaller by a fac-
tor of about two. Hence, we argue that \mu"+ \mu"+ colliders offer a great opportunity as Higgs
factories to be constructed in the not-too-distant future.
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Metrology in the integrated luminosity
measurement at ILC

Possibility that the ILD detector might be realized at a future e+e- collider calls for quantification
of precision of the integrated luminosity measurement, assuming here the ILC operating scenarios
at the Z-pole, 250 GeV, 500 GeV and 1 TeV center-of-mass energies. This is the first comprehensive
study of the systematic uncertainties in integrated luminosity measurement at ILC, rising from
metrology (detector positioning and alignment, beam properties and delivery to the IP), after the
generic estimates given in LC-DET-2005-004.
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Resonant emittance mixing of flat beams in plasma
accelerators

Wednesday, 10 July 2024 14:20 (20 minutes)

Plasma accelerators sustain large field gradients and could enable future x-ray sources and com-
pact linear colliders. The development of performant open-source simulation methods allows for
the investigation of open challenges towards these applications, including the acceleration of beam
with high quality and the staging of multople plasma accelerators towards high energies. This pre-
sentation will discuss recent studies on these topics. In particular, to achieve the required high lu-
minosity, linear colliders rely on flat beams to avoid potentially deleterious beamstrahlung effects.
We show that flat beams in plasma accelerators can be subject to beam quality degradation due
to emittance mixing caused by transverse coupling in the wakefields. When there is a resonance
between the betatron oscillations in the horizontal and vertical planes for the beam particles in a
coupled wakefield, the transverse emittances fully exchange, leading to a round beam. Depending
on the mechanism causing the resonance, the use of laser drivers, flat particle beam drivers, or
hollow plasma channels can avoid the resonance and mitigate the emittance deterioration.
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Plasma processing development for SPIRAL2
quarter-wave resonators: experimental and
simulation studies

Plasma processing stands as an in-situ technique for mitigating field emission and multipacting
effects in the long-term operation of superconducting accelerating cavities. While extensively ex-
plored and applied to elliptical cavities, its application to quarter-wave resonators (QWRs) repre-
sents a relatively recent area of investigation. At IJCLab, ongoing efforts focus on refining plasma
processing techniques tailored for SPIRAL2 QWRs. This talk will center on our experimental find-
ings, compared with numerical simulations of a simplified system featuring 2D axisymmetric ge-
ometry and employing a basic plasma chemistry composed of pure argon, instead of Ar/O2(10%).
This strategic simplification makes it possible to reduce the calculation time while also providing
an understanding of the dynamics of the plasma within the cavity. The simulations have been
conducted using COMSOL Multiphysics.
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Energy Upgrades of a linear Higgs factory
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