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Welcome and Motivation

Hsinchu, June 2026

We consider this workshop series as a vital platform for foreign and domestic schol-
ars working on particle physics experiments and theories to share the latest exper-
imental results and developments in various models or theoretical frameworks. It
features comprehensive lectures on topics of current interest to the community, as
well as shorter presentations on more specific applications.

We are glad and proud to host the 16th Particle Physics Phenomenology (PPP16)
Workshop at National Tsing Hua University (NTHU) this year. The PPP workshop
series is a biennial series of meetings dating back to 1992 with a only a few inter-
ruptions. It is considered as one of the most important gatherings in the particle
physics community in Taiwan.

There are several motivations for this workshop:

• First of all, this workshop is supposed to bring the Taiwanese particle phe-
nomenology community and the adjacent fields together. We want to pro-
vide a platform not only for traditional particle phenomenologists (collider,
neutrino, Higgs, ...) but also adjacent, closely related fields like experimen-
tal particle physics, nuclear physics, astroparticle physics, black hole physics
and so on. We hope that this provides an opportunity to connect all these
researchers and spark some new (possibly interdisciplinary) collaborations
among the workshop participants.

• Furthermore, the workshop also has an educational goal by inviting a few
renowned experts as lecturers on topics which we consider to be particularly
relevant and interesting for a broad audience. This year we have invited lec-
turers to talk about quantum sensors, neutrino physics and high-energy as-
troparticle physics.

• Wealso invite high profile international speakers to talk aboutmore specialised
topics. This is an opportunity to build new international networks and collab-
orations.

• Last but not least we also invite some domestic speakers to showcase the
talent already present in Taiwan to a broader audience.

In summary, this workshop aims to inspire innovative ideas, educate and promote
young scientists and help form new collaborations among the participants. We
hope that his workshop will be a success and help boost the particle physics com-
munity in Taiwan and around the world.

We warmly welcome you to our workshop and wish you a productive and inspiring
time.

Martin Spinrath (on behalf of the organisers)

Page 1



The 16th Particle Physics Phenomenology Workshop Booklet

Practical Information

In case of problems please contact the physics secretariat at NCTS Hsinchu, in par-
ticular: Jia-Yi Hsu, jyhsu@gapp.nthu.edu.tw or the conference chair Martin Spinrath,
spinrath@phys.nthu.edu.tw , Tel: +886-3-5731267

Workshop location: Themainworkshop venue is in roomR124 in the Physics Build-
ing of NTHU. During the workshop we also have an administrative office in room
R123 in the Physics Building. The parallel sessions will be in rooms R124, R019 and
R620 all in the Physics Building. Please watch also the announcements during the
workshop.
Address: 101, Section 2, Kuang Fu Road, Hsinchu 30013, Taiwan
(Note that all buildings on the NTHU campus have the same address)

Internet access: Eduroam is broadly available on the NTHU campus. In case that
does not work alternative access can be granted via guest accounts which will be
provided on-site.

Food / store options nearby: There are a number of convenience stores, canteens
and restaurants on the campus and nearby. Please refer to the website for more
information or the campus maps section at the end of this booklet.

Delivery: UberEats and Foodpanda are popular apps that provide delivery options
for everything from groceries to dinner to shampoo to batteries straight to your
door.

NTHU Guesthouse: Address: No. 101, Section 2, Kuang-Fu Road, Hsinchu City,
Taiwan 30013 (It is labelled with 80 on the NTHU map), Tel: +886-3-5742100, Check
in: after 14:00 and check out: before 12:00 (please confirm after arrival),
website: https://affairs-guesths.vm.nthu.edu.tw/en/index.php
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Directions
NTHU campus map

For your convenience we provide here an NTHU campus map with some important
landmarks highlighted. Please be aware that top of the map does not correspond
to the North direction.
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NTHU Guest House

For the international visitors who stay in the NTHU Guest House I (清華會館) we
have also put a picture of its entrance below.
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Workshop location: NTHU Physics Building

The workshop will be held in the NTHU Physics Building (物理系館). Since it is easy
tomiss the building signs we have put two images below for easier orientation. The
first picture is from the main entrance and the second picture is a sideview when
arriving from the guest house.
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Dragon Boat Festival

During theweekend after theworkshop Taiwan celebrates the Dragon Boat Festival.
For somebackground see, for instance, here. The nearest location toNTHU campus
is on the lake at the Old Nanliao Fishing Harbor (新竹南寮舊漁港). This can be
reachedby taxi, bus or bike fromNTHU. For other locations in Taipei andNewTaipei,
please check-out the previous link.

Food options

On the next page we also list a few options to buy food and other daily necessities
on or near campus. Note that NTHU and National Yang Ming University (NYCU) are
directly next to each other.
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List of Abstracts
We do not provide a timetable in this booklet since this tends to change on short
notice. For the timetable we kindly ask you to check the workshop indico click
here.

Nevertheless, we think it is useful to have a list of abstracts in a simple pdf which can
be searched. Note that we have reduced the information here and only mention
the title of the talk, the abstract, the presenter and for the plenary talks the session
names. For more details we again refer to our indico page click here.

Lectures

High-Energy Neutrinos – Basics

Presenter: John Beacom

Do astrophysical sources produce TeV–PeV range neutrinos? Yes! I provide an intro-
ductory overview of neutrino production, neutrino propagation, and neutrino detection,
then review key results.

High-Energy Neutrinos – Frontiers

Presenter: John Beacom

Canwedrive progress in this field? Yes! I provide an overviewof how tomakebettermea-
surements, howwe canuse these to better understand astrophysics andparticle physics,
and how these opportunities fit in a broader framework of neutrino science.

Neutrinos, Messengers in the Universe: the Puzzle of Neutrino Masses
and Neutrino Mixing

Presenter: Serguey Petcov

Neutrinos are the most amasing and interesting among the elementary particles. Neu-
trino physics is a vast field of research with beautiful physics and many still unanswered
fundamental questions. This lecture is intended as an Introduction to Neutrino Physics.
We begin by discussing briefly the history of the neutrino. The natural sources of neu-
trinos - the Sun, the Earth atmosphere, the Earth itself, the supernovae and the Early
Universe, are briefly considered next. The discovery of neutrino oscillations and the ex-
periments which contributed to this discovery are reviewed. The theory of neutrino oscil-
lations in vacuum, as well as the experimental proofs of oscillations, are presented next.
The parameters which characterise 3-neutrinomixing and oscillations are reviewed. The
matter effects in neutrino oscillations, with examples of the cases of oscillations of neu-
trino traversing the Earth and taking place in the Sun, are considered. A discussion of
the nature - Dirac or Majorana - of massive neutrino follows. CP violation in neutrino os-
cillations are briefly considered. The current data on the 3-neutrino mixing parameters,
as well as, on the neutrino mass scale (the lightest neutrino mass) are reviewed. The
possible manifestations of New Physics associated with the existence of non-zero neu-
trino masses and neutrino mixing are briefly discussed. The program of future research
in Neutrino Physics extends beyond 2040. The goals of this program and some of the
experiments aiming to achieve these goals, are also briefly reviewed.
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NeutrinoMixing and Leptonic CP-Violation –Theory and Tests in Future
Experiments

Presenter: Serguey Petcov

The existing data on neutrino masses and neutrino mixing will be reviewed. The main
goals of future research in neutrino physics will be summarised. The lepton flavour prob-
lem will be revisited. The non-Abelian discrete symmetry approach to the problem of
understanding the origin of the observed pattern of neutrino mixing and of leptonic
CP-violation will be discussed in detail. The possibility to test this approach using the
data from JUNO, DUNE and T2HK (Tokai to Hyper-Kamiokande) experiments will also be
analysed. We will conclude with comments on the future of neutrino physics.

Quantum Sensing in Particle Physics

Presenter: Steven Worm

Quantum sensing is a transformative technology whose impact is being felt in many ar-
eas of science. The use of quantum-based sensing allows scientists to access subtle
effects that elude conventional sensing techniques, and thus build detectors with un-
precedented sensitivity or accuracy. In this lecturewewill introduce the field of quantum
sensing and explore applications in particle and fundamental physics.

Fundamental Physics with Atomic Clocks

Presenter: Steven Worm

Optical atomic clocks can be made with incredible stability and accuracy; keeping time
to better than one second in the age of the universe. This amazing performance can
be used as the basis for an amazing detector for new physics. In this Keynote we will
see what it takes to turn an ultra-stable clock into an ultra-sensitive detector for the
effects of ultra-light dark matter. We will discuss the challenges in constructing the ex-
periment, limits of the analysis techniques, and prospects for improving the search in
the future.

Plenary Talks

Cosmological consequences of axion models

Presenter: Andrew Cheek

In this talk I will discuss the non-standard cosmology that can arise when one considers
the UV physics that leads to light axions. I will focus on the case of ‘preferred axion
models’, these aremodels that are consistent with post-inflationary symmetry breaking
and current cosmological observations. Previously, the number of simple models that
do not have a domain wall problemwas thought to be only two. My recent work showed
that moremodels should be considered, and indeed there are six more that don’t have
a domain wall problem. I will discuss some phenomenological consequences.

Session: Other Aspects of Particle Physics
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PureProtonDataQuestions Light-Flavor SeaAntiquarkAsymmetry

Presenter: C.-P. Yuan

For decades, deuteron-based experiments established a canonical SU(2) flavor asym-
metry in the proton’s light sea, with more d than u antiquarks, interpreted as a non-
perturbative signature. However, these results rely on nuclear assumptions and isospin
symmetry. Here, we analyze pure proton collision data from the Fermilab Tevatron and
CERN LHC usingmeasurements of Drell–Yan forward–backward asymmetries, free of nu-
clear corrections. We find that the proton’s d/u ratio is consistent with unity at x ∼ 0.1,
contradicting the long-standing asymmetry mentioned above. This suggests a symmet-
ric, perturbative origin for light sea antiquarks, implying the deuteron anomaly arises
from high-energy nuclear effects rather than intrinsic proton asymmetry. Implications
for proton structure and global PDF analyses are also discussed.

Session: QCD & Nuclear Physics

A Proposal for a QuantumMechanical Model of Black Hole

Presenter: Chong-Sun Chu

Black holes pose sharp consistency questions at the interface of gravity, quantum me-
chanics, and thermodynamics. It is widely believed that resolving problems such as pro-
viding a microscopic account of Bekenstein–Hawking entropy, understanding the origin
of black hole thermodynamics, and resolving the information paradox posed by Hawk-
ing radiation will provide valuable insights to the construction of the theory of quantum
gravity. In this talk, I discuss a recent proposal [1,2] of a quantum mechanics of quan-
tized space as a model of quantum black hole and quantum gravity in 4-dimensions.
Our construction was motivated by the bottom-up approach [3,4]. As a system of quan-
tum bits of quantum space, our model reproduces not only the needed macroscopic
properties of the Schwarzschild black hole [1] and the rotating Kerr black hole [2], it
also provides a microscopic counting of the Bekenstein-Hawking entropy of black hole
[1,2] and explains the origin of Hawking radiation in terms of a tunneling process of
emission of monopole in the quantum mechanics [5]. As application, I discuss how the
well-knownmembrane paradigmof black hole ismodified by quantum gravity effects [6].
In classical general relativity, the black hole membrane is an electrical conductor with a
constant vacuum resistivity. We identify new quantum gravity effects and show that the
quantum black hole membrane has also a frequency dependent inductance and a chiral
Hall conductance. Possible phenonenology will be discussed. 1. Matrix model proposal
for quantum gravity and the quantum mechanics of black holes, Phys.Rev.D 112 (2025)
6, 066001, Chong-Sun Chu 2. Quantum Kerr black hole from matrix theory of quantum
gravity, Phys.Rev.D 112 (2025) 4, 046014, Chong-Sun Chu 3. Fermi model of a quantum
black hole, Phys.Rev.D 110 (2024) 4, 046001, Chong-Sun Chu 4. Tunneling of Bell parti-
cles, page curve and black hole information, Phys.Lett.B 865 (2025) 139486, Chong-Sun
Chu 5. Hawking Radiation from Tunneling in Black Hole Quantum Mechanics, ePrint:
2603.12199 [hep-th], Chong-Sun Chu 6. Membrane Paradigm for Quantum Black Hole,
to appear, Chong-Sun Chu

Session: Black Holes, Gravitational Waves & Particle Physics

Interferometer as a Probe of Dark Relics

Presenter: Chrisna Setyo Nugroho

In this talk, I will present the role of interferometer in the frontier research, starting
from disproving the existence of absolute reference frame to the discovery of gravita-
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tional wave. I will further discuss the potentials to probe new physics using both laser
interferometers and matter interferometers.

Session: Quantum Sensors

First-Principles Lattice Study of Dense QCD-like Theories

Presenter: Etsuko Itou

We present first-principles lattice studies of dense QCD-like theories, focusing on two-
color QCDwhere the sign problem is absent. I will discuss results on the phase structure,
the equation of state, and hadron spectroscopy at finite density.

Session: QCD & Nuclear Physics

Cosmic Rays, AGN Jets, andGalactic Bubbles: Connecting PlasmaMicro-
physics to High-Energy Observables

Presenter: Hsiang-Yi Karen Yang

Active galactic nuclei (AGN) inject enormous amounts of energy into their environments
through relativistic jets, cosmic rays (CRs), and magnetized outflows, producing spec-
tacular non-thermal structures from the Fermi/eROSITA bubbles in the Milky Way and
newly discovered odd radio circles (ORCs). The evolution and emission properties of
these systems are strongly influenced by plasma microphysics, including CR transport,
turbulence, viscosity, and magnetic-field geometry. In this talk, I will discuss recent
progress in understanding how CRs and AGN jets shape high-energy observables us-
ing advanced CR-magnetohydrodynamic simulations. I will focus on the origin of the
Fermi/eROSITA bubbles and ORCs, emphasizing the roles of plasma microphysics in de-
termining the morphology, dynamics, and multi-wavelength emission of astrophysical
bubbles. These studies demonstrate how high-energy observations can probe other-
wise inaccessible plasma processes and how multi-scale simulations help bridge micro-
scopic particle transport physics and macroscopic astrophysical phenomena.

Session: High Energy Astroparticle Physics

Building Quantum Eyes: Dual�Mode Calorimetric Superconducting Sin-
gle�Photon Detectors and Cryogenic Quantum Platforms at NTU

Presenter: Hsin-Yeh Wu

Many emerging experiments in quantumscience and fundamental physics require “quan-
tum eyes” that can sense extremely weak optical signals with high fidelity. In this talk, su-
perconducting nanowire–based photon detectors operating in a dual calorimetric mode
will be introduced, enabling both sensitive single�photon detection and energy� or pho-
ton�number–discriminating responses within the same device concept. I will outline
how these detectors can be tuned between a standard Geiger mode and a calorimetric
mode with photon�number and energy sensitivity, and briefly describe the cryogenic
platform at National Taiwan University that we are building for system characterization
and future quantum experiments. I will also sketch how such detectors can support
a broad range of applications, from quantum optics and quantum communication to
precision measurements and searches for new physics.
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Session: Quantum Sensors

Impact of neutrino flavor conversions in core-collapse supernovae - de-
pendence on location, time, and progenitor

Presenter: Jakob Ehring

Massive stars end their lives as giant explosions. What starts as a collapse of the stellar
core is turned into an explosion driven by energy transfer of neutrinos. The neutrino
densities become so high that coherent flavor conversions develop. I give an overview
of the explosion mechanism and the importance of neutrinos. I will present a set of
76 simulations in axial symmetry initialized with 13 different progenitor systems with an
initial mass between 9 and 23 solar masses. Neutrino flavor conversions have the poten-
tial to enhance, hinder, enable, and prevent the shock revival. I will show what are the
conditions that make flavor conversions beneficial or disadvantageous for a successful
explosion. Finally, I will highlight how the gravitational wave signal of a galactic core-
collapse supernova could be used to constrain beyond standard model physics.

Session: Neutrino Physics

New physics in toponium’s shadow?

Presenter: Jinheung Kim

Recently, the CMS and ATLAS collaborations have reported a ttbar resonance excess
near the ttbar thresholdwith above 5 sigmadeviation from the SMpQCDprediction. This
excessmay be interpreted as a new pseudoscalar particle interacting with the top quark.
Alternatively, it can be explainedwithin the SM framework through toponiumproduction
—the bound state of a top quark pair, which can enhance the ttbar production cross
section near the threshold. In this talk, I will discuss a combined scenario in which both
a BSM particle and toponium production exist simultaneously, as would naturally occur
if new physics couples to top quarks. In this case, not only does the pure BSM signal
contribute to ttbar production, but the interference between the BSM particle and the
SM also becomes very important. In particular, the interference can enhance or reduce
the total cross section depending on themass of the BSM particle. I will present how the
interferencemodifies the total cross section and toponium line shape, and demonstrate
its significant impact on constraining or reopening the BSM parameter space.

Session: Other Aspects of Particle Physics

How Robust Is the δCP Measurement?

Presenter: Joao Paulo Pinheiro

Measuring the leptonic CP phase δCP and resolving the θ23 octant are primary objectives
of DUNE and T2HK. We show that two distinct effects can compromise the reliability
of these measurements. First, the poorly constrained νe and νe cross sections allow
energy-dependent distortions that partially mimic the δCP -dependent spectral modula-
tion, reducing DUNE’s CP-violation sensitivity by up to ∼ 3σ. We demonstrate that the
proposed νSCOPE facility at CERN can recover this loss through percent-level measure-
ments of σνµ

and the σνe/σνµ
ratio. Second, complex non-standard interactions (NSI) in

propagation — motivated by the current ∼ 2σ NOvA–T2K tension — induce correlated
biases in δCP and the θ23 octant when DUNE data are interpreted under the standard
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three-flavor hypothesis. Since T2HK is largely insensitive to these propagation effects, a
∼ 3σ discrepancy between the two experiments would constitute a clear diagnostic of
BSM physics. These results highlight that both external cross-section constraints and
baseline complementarity are essential to ensure a robust and unbiased determination
of the oscillation parameters in the precision era.

Session: Neutrino Physics

POLARIS: A SparseRadialNeutrino TelescopeDesign for thePacificOcean

Presenter: Karolin Hymon

We present POLARIS, a new sparse radial detector design for an underwater neutrino
telescope. The design targets multi-PeV horizontal tracks with a minimal instrumenta-
tion density of around 1000 Digital Optical Modules. We evaluate the astronomy poten-
tial of this design through 5-sigma point source and diffuse flux detection limit, bench-
marking against IceCube, KM3NeT ARCA, TRIDENT, NEON, TAMBO and RNO-G, spanning
ice, water, and air-shower based detection techniques. Beyond their role in neutrino as-
tronomy, neutrino telescopes have demonstrated remarkable ability to probe physics
beyond the standard model, evolving into multi-purpose instruments competing with
accelerator-based searches. POLARIS is an effective design to reach next-generation
sensitivity at PeV energies either as a standalone instrument or as an extension of exist-
ing or planned underwater telescopes.

Session: Neutrino Physics

Heavyflavor and lightnuclei production inheavy-ion collisions: Insights
into hadronization in QCD matter

Presenter: Minjung Kweon

Ultra-relativistic heavy-ion collisions at the Large Hadron Collider (LHC) create a decon-
fined state of strongly interacting matter known as the quark–gluon plasma (QGP). One
of the main questions in high-energy nuclear physics is how colored quarks and gluons
emerging from the QGP evolve into the hadrons and nuclear bound states observed in
the final stage of the collision. In this context, both heavy-flavor hadrons and light nuclei
provide unique and complementary probes of the hadronization process in QCDmatter.
In this talk, recent LHC results on heavy flavor and light nuclei production in pp, p–Pb,
and Pb–Pb collisions will be reviewed from the perspective of hadronization in strongly
interacting QCD matter. Connections between quark coalescence, collective expansion,
and the emergence of bound states will be discussed, together with future prospects
enabled by detector upgrades and the upcoming ALICE 3 experiment at the LHC.

Session: QCD & Nuclear Physics

Probing the General 2HDM with Flavor Violation Through A → ZH and
H+ → W +H

Presenter: Mohamed Krab

We discuss the discovery prospects for a second Higgs doublet through the decay chan-
nels A → ZH and H+ → W +H . These decays are particularly relevant in two Higgs
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doublet models (2HDM) scenarios featuring a strong first-order electroweak phase tran-
sition, a necessary condition for successful electroweak baryogenesis. Within the gen-
eral 2HDM,which allows flavor-changing neutral Higgs couplings, the scalarH may decay
dominantly via tc final state. We find that A → ZH and H+ → W +H in the ℓ+ℓ−tc and
ℓ+νtc final states provide a promising experimental avenue that complements existing
searches for neutral and charged Higgs bosons at the LHC. The observation of such sig-
natures would point to a very different 2HDM and may shed light on the mechanism
behind the baryon asymmetry of the Universe.

Session: Other Aspects of Particle Physics

tba

Presenter: Pedro Machado

tba

Session: Neutrino Physics

Probing the Higgs Self-coupling via VBF Di-Higgs Production at a Multi-
TeV Muon Collider

Presenter: Soojin Lee

We investigate the sensitivity to the Higgs trilinear coupling (κλ) through di-Higgs produc-
tion via vector-boson fusion (VBF) at a multi-TeV muon collider. A primary advantage of
the muon collider environment is the significantly suppressed QCD background com-
pared to hadron colliders, which provides a remarkably clean experimental signature
for probing electroweak processes. We perform a detailed analysis using a dedicated
simulation chain, examining the variations in both the production rate and kinematic
distributions as a function of κλ. We employ advanced machine learning techniques
to optimize signal-background separation and enhance the sensitivity to the Higgs po-
tential. We estimate the expected precision on κλ. Our results highlight the unique
potential of high-energy muon colliders for precision Higgs measurements in the VBF
sector.

Session: Other Aspects of Particle Physics

Dark Matter Detection with Quantum Sensors

Presenter: Takeo Moroi

Recent years have seen active discussion of new approaches to detecting wave-like dark
matter using quantum sensors. In this talk, I will present several proposals employing
quantum sensors, such as superconducting qubits and Rydberg atoms, for dark matter
detection. I will also discuss the potential of entangled states to enhance signal sensitiv-
ity and suppress noise.

Session: Quantum Sensors
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The 20 GeV Fermi halo: evidence for dark matter annihilation?

Presenter: Tomonori Totani

Fifteen years of the Fermi Large Area Telescope (LAT) data in the halo region of the
Milky Way (MW) are analyzed to search for gamma rays from dark matter annihilation.
Gamma-ray maps within the region of interest (|l| < 60 deg, 10 deg < |b| < 60 deg)
are modeled using known components plus a halo-like component. A statistically sig-
nificant halo-like excess is found with a spectral peak around 20 GeV, and examination
of the fit residual maps indicates that a spherically symmetric halo component fits the
map data well. The radial profile agrees with annihilation by the smooth NFW density
profile. Various systematic uncertainties are investigated, but the 20 GeV peak remains
significant. The halo excess spectrum can be fitted by annihilation with a particle mass
m ∼ 0.5 − 0.8 TeV and cross section ⟨σv⟩(5 − 8) × 10−25 cm3 s−1 for the bb channel. This
cross section is larger than the upper limits from dwarf galaxies and the canonical ther-
mal relic value, but considering various uncertainties, especially the density profile of the
MW halo, the dark matter interpretation of the 20 GeV“Fermi halo”remains feasible.
The prospects for verification through future observations are briefly discussed.

Session: High Energy Astroparticle Physics

TheMaxwell-Einstein-PauliObservatory: A SystematicMultimessenger
Approach for Probing Fundamental Physics

Presenter: Torben Christian Frost

The 21st century marks the beginning of the age of multimessenger astronomy. After
decades of waiting the ground-based gravitational wave detectors of the Laser Interfer-
ometerGravitational-WaveObservatory allowedus to directly detect gravitationalwaves,
and the expanding network of neutrino detectors provided us with access to a broad
range of previously undetected neutrino sources. Thus for the first time we have all four
messengers, photons, gravitational waves, neutrinos, and cosmic rays, at our disposal
to investigate the fundamental laws of physics. Unfortunately, the interpretation of the
collected data still strongly relies on fitting them to the output of analytical and numeri-
cal models. However, if we want to extract all information transported by the different
messenger signals, we have to develop a muchmore systematic approach for multimes-
senger observations and, in particular, the analysis of the collected data. The goal of this
talk is now to present such an approach: TheMaxwell-Einstein-Pauli Observatory. When
realised the Maxwell-Einstein-Pauli Observatory will use data assimilation techniques to
combine data with theoretical models, which has the potential to provide us with much
more precise results than traditional fitting techniques. In my talk I will now first outline
the basic structure of the Maxwell-Einstein-Pauli Observatory. Then I will provide a brief
overview over different data assimilation techniques and how they help us to combine
observational data with theoretical models. I will discuss potential science targets and
how we can apply the method to probing gravity in the strong field regime in the close
vicinity of black holes.

Session: Black Holes, Gravitational Waves & Particle Physics

Freeze-in ProductionofNon-AbelianMillichargedVectorDarkMatter

Presenter: Van Que Tran

We present the first predictive realization of vector freeze-in dark matter from a hid-
den non-Abelian gauge sector, spontaneously broken to a residual U(1) with a massless
dark photon mediator. A massive dark vector particle-antiparticle pair acquires small
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millicharges via a dimension-five kinetic mixing operator that induces a dimension-four
mixing term with effective coefficient ϵ, and interacts through the hidden gauge cou-
pling gD , linking it weakly to the Standard Model. Solving the relic abundance with a
two-temperature Boltzmann evolution including plasmon decays, we find a wide region
of parameter space that reproduces the observed density while satisfying astrophysical
and cosmological bounds. This minimal framework links non-Abelian vector dynamics,
long-range dark forces, and dark matter, and can be testable with upcoming sub-GeV
dark matter direct-detection experiments.

Session: Other Aspects of Particle Physics

Search for exotic spin-dependent interactions with spin sensors

Presenter: Xinhua Peng

A variety of theoretical frameworks predict the existence of spin dependent interactions
beyond the Standard Model, such as dark matter and spin gravity coupling. Spin based
quantumsensors, which leverage quantumcoherence andprecision control of quantum
spins, provide an exceptionally powerful platform for probing such exotic interactions.
In this talk, I will introduce our recently developed ultra sensitive atomicmagnetometers
based on spin amplification, which achieve magnetic field sensitivities at the femtotesla
(fT) level. Unlike conventional Spin Exchange Relaxation Free (SERF) magnetometers,
our approach does not require a zero field environment, and further offers significantly
better energy resolution by using nuclear spins as the sensing system. Based on these
advances, we have launched the SAPPHIRE (Spin Amplifier for Particle Physics Research)
project, dedicated to resonant searches for exotic spin dependent interactions. Our
latest experimental results have established new stringent constraints on axion like dark
matter and exotic spin dependent forces, surpassing limits from previous astrophysical
observations. In addition, we have successfully built a GPS-synchronized network of spin
based quantum sensors acrossmultiple cities. This distributed quantum sensor network
opens new opportunities for exploring large scale structures and phenomena, ranging
from dark matter detection and high precision geomagnetic monitoring to future space
based applications.

Session: Quantum Sensors

Superheavy supersymmetric dark matter as the origin of the KM3NeT
ultrahigh energy signal

Presenter: Yongsoo Jho

We propose an explanation for the recently reported ultrahigh-energy neutrino signal
at KM3NeT, which shows no clear association with known astrophysical sources. While
decaying dark matter in the Galactic Center is a natural candidate, the observed arrival
direction strongly suggests an extragalactic origin. We introduce amulticomponent dark
matter scenario in which the components are part of a supermultiplet, with supersym-
metry ensuring a nearly degeneratemass spectrumamong the fieldswith different spins.
In this setup, a cosmologically long-lived fermionic state decays into a slightly lighter
bosonic darkmatter state, producing a boosted neutrino spectrumwith energy Eν ∼ 100
PeV, determined by the mass difference. The heavy-to-light decay occurs at a cosmolog-
ical redshift of z ∼ a few or higher, leading to an isotropic directional distribution of the
signal.

Session: High Energy Astroparticle Physics
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Gravitationalwaveprobes tonewphysics beyond the StandardModel

Presenter: Yue Zhao

This talkwill explore howgravitational-wave interferometers can serve as powerful probes
of new physics across vastly different mass scales. I will first show that data from the
LIGO-Virgo-KAGRA Collaboration can help resolve a long-standing puzzle: whether the
GeV gamma-ray excess at the Galactic Center originates from annihilating weakly inter-
acting massive particles or from a population of millisecond pulsars. Turning to lighter
dark matter candidates, I will then demonstrate how the same gravitational-wave detec-
tors enable the direct detection of ultralight bosons, including dark photons, axions, and
dilatons. Together, thesemethods illustrate how gravitational wave experiments can be
repurposed as powerful discovery tools for new physics.

Session: Black Holes, Gravitational Waves & Particle Physics

Parallel Talks

Emergent Neutrino Texture Geometry from Dark Matter and Lepton
Flavor Violation in the Scotogenic Model

Presenter: Avinanda Chaudhuri

We study the emergence of approximate neutrino texture structures in the minimal sco-
togenic model using large-scale Casas–Ibarra parameter scans subject to dark matter
and lepton flavor violation constraints. We show that phenomenological consistency
conditions can dynamically induce approximate suppressions in specific entries of the
neutrino mass matrix without imposing explicit flavor symmetries. In particular, the
interplay between relic density, radiative neutrino mass generation, and lepton flavor
violating observables naturally favors suppressions in the (eµ) and (eτ) sectors, while
diagonal entries remain comparatively stable against cancellation. We further compare
normal and inverted neutrino mass hierarchies, analyze reduced and full Casas–Ibarra
parameterizations, and identify approximate scaling relations connecting dark matter
and flavor observables. Our results indicate that nontrivial flavor structuresmay emerge
as dynamical consequences of radiative neutrino mass generation and phenomenolog-
ical constraints.

Probe for Heavy Dark Matter with Gravitational Wave Detectors

Presenter: Bo-Yu Lin

We probe dark matter with gravitational wave detectors by introducing an additional
Yukawa-like interaction between dark matter and the detector. In this talk, we investi-
gate the signal induced by kg-scale dark matter in an interferometer, and an algorithm
to distinguish the signal from the noise in the detector.

Half-sky Dark Matter Line Search using eROSITA DR1

Presenter: Chingam Fong

The search for Dark Matter (DM) signatures in the X-ray sky remains essential for testing
models of decaying keV darkmatter, such as sterile neutrinos and axions. With its cover-
age and survey depth, eROSITA provides unprecedented sensitivity to keV dark matter.
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We present a search for X-ray lines using all available data from the eROSITA Data Re-
lease 1 (DR1), and interpret the result in the context of DMdecay. The analysis covers the
entire western hemisphere of the sky, and demonstrate the potential of future eROSITA
data releases for probing dark matter in the X-ray range sky.

Cosmological Correlators with Double Massive Exchanges: Bootstrap
Equation and Phenomenology

Presenter: Fumiya Sano

Using the recently developed cosmological bootstrapmethod, we compute the exact an-
alytical solution for the seed integral appearing in cosmological correlators with double
massive scalar exchanges. The result is explicit, valid in any kinematic configuration, and
free from spurious divergences. It is applicable to any number of fields’species with
any masses. With an appropriate choice of variables, the results contain only single-
layer summations. We also propose simple approximate formulas valid in different
limits, enabling direct and instantaneous evaluation. Supported by exact numerical re-
sults using CosmoFlow, we explore the phenomenology of doublemassive exchange dia-
grams. Contrary to single-exchange diagrams with ubiquitous Lorentz-covariant interac-
tions, the size of the cubic coupling constant can be large while respecting perturbativity
bounds. Because of this property, the primordial bispectrum from double-exchange di-
agrams can be as large as, coincidentally, current observational constraints. In addition
to being sizable on equilateral configurations, we show that the primordial bispectrum
exhibits a large cosmological collider signal in the squeezed limit, making the double
massive exchanges interesting channels for the detection of massive primordial fields.
We propose to decisively disentangle double-exchange channels from single-exchange
ones with cosmological observations by exploiting the phase information of the cosmo-
logical collider signal, the inflationary flavor oscillations from multiple fields’species
exchanges and the double soft limit in the primordial trispectrum.

New Limits on couplings of reactor ALPs at the Kuo-Sheng Reactor Neu-
trino Laboratory

Presenter: Greeshma Chandrabhanu

Axion-Like Particles (ALPs) are a broader class of pseudo-Nambu-Goldstone bosons that
arise in various extensions of the Standard Model (SM), especially in string theory com-
pactifications. ALPs may be produced in the reactor core via Primakoff conversion and
Compton-like processes. We report a laboratory-based search for ALPs using data from
the TEXONO experiment at the Kuo-Sheng Reactor Neutrino Laboratory (KSNL) with a
high-purity germanium detector of mass 1.06 kg at a distance of 28 m from the 2.9 GW
reactor core. The analysis probes inverse Primakoff scattering, inverse Compton conver-
sion, axio-electric process, and decay-in-flight signatures. Based on 278.91/43.60 days
of Reactor ON/OFF data, no statistically significant excess above background was ob-
served. Hence, 90% confidence level upper limits on the ALP-photon coupling gaγγ and
ALP-electron coupling gaee are derived for ALP masses between 1 eV and 1 MeV. We
also present a model independent analysis of the direct detection of reactor ALPs by
precisely accounting for the interference between various detection channels.

Gravitational waves from CP domain wall collapse and electron EDM in
a complex singletmodelwith dimension-five Yukawa interactions

Presenter: Hieu The Pham
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We study the interplay between gravitational waves (GWs) from domain wall collapse
and the electron electric dipole moment (EDM) in a complex singlet extension of the
Standard Model with dimension-five Yukawa interactions. In this model, CP-related de-
generate vacua lead to the formation of CP domain walls. While the resulting GWs probe
the scalar vacuum structure, they do not inherently constitute a CP-violating observable.
However, coupling the singlet scalar to fermions makes CP-violating phases observable
via EDMs. We find that current electron EDM bounds already constrain this parameter
space, and future sensitivities of 10−31−10−32 e cmwill probe regions directly overlapping
with the GW signals detectable by SKA and THEIA. Our results highlight the complemen-
tarity between GW and EDM observables in probing the singlet scalar sector, providing
a coherent picture of its vacuum structure and CP properties.

Walking-Dilaton Hybrid Inflation with gauged B-L in a Model with Dy-
namical Scalegenesis

Presenter: Hiroyuki Ishida

We propose a hybrid inflationary scenario based on eight-flavor hidden QCD with the
hidden colored fermions being in part gauged under B−L gauge symmetry. This hid-
den QCD is almost scale-invariant, so-called walking, and predicts the light scalar meson
(the walking dilaton) associated with the spontaneous scale breaking, which develops
the Coleman-Weinberg (CW) type potential as the consequence of the nonperturbative
scale anomaly, hence plays the role of an inflaton of the small-field inflation. The B−L
Higgs is coupled to the walking dilaton inflaton, which is dynamically induced from the
so-called bosonic seesaw mechanism. We explore the hybrid inflation system involving
the walking dilaton inflaton and the B−L Higgs as a waterfall field. We find that observed
inflation parameters tightly constrain the B−L breaking scale as well as the walking dy-
namical scale to be around 109 GeV and 1014 GeV, respectively, so as tomake thewaterfall
mechanism worked. The lightest walking pion mass is then predicted to be around 500
GeV.

Shedding light on Dark Matter Using Extended Higgs Sectors

Presenter: Juhi Dutta

Dark matter remains one of the most compelling indications of new physics beyond the
Standard Model. In this talk, I will present theoretical frameworks accommodating dark
matter candidates, focusing on their dark matter phenomenology and how their signa-
tures can be explored at collider experiments, alongside direct and indirect detection
searches. I will place particular emphasis on extended scalar sectors as portals to the
dark sector in the context of the Two Higgs Doublet Model with a complex scalar singlet
extension, and highlight the discovery prospects at current and proposed future collider
facilities.

Number Theory and Minicharged Particles

Presenter: Junseok Lee

In quantum gauge theories, anomaly cancellation severely restricts the allowed patterns
of chiral charges. We will see that, in a phenomenologically motivated framework for
light minicharged particles, the anomaly cancellation conditions are equivalent to the
degree k = 3 Prouhet-Tarry-Escott problem in number theory. This correspondence im-
mediately implies that the hidden sector must contain at least four minicharged states.
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For constructions based on minimal ideal solutions, the mass spectrum generically ex-
hibits a near-degenerate doublet structure, so that the discovery of one minicharged
particle would point to a partner state with the same minicharge and a nearby mass.
The results uncover an unexpected link between quantum consistency and number the-
ory, with direct implications for model building and future searches.

Constraints on extended axion structures from the lensing of fast radio
bursts

Presenter: Kuan-Yen Chou

Axions are hypothetical pseudoscalar particles that have been regarded as promising
dark matter (DM) candidates. On the other hand, extended compact objects such as ax-
ion stars, which are supported by gravity and axion self interactions, may have also been
formed in the early Universe and comprise part of DM. In this work, we consider the lens-
ing of electromagnetic signals from distant sources by axion stars, as a way to constrain
the properties of axion stars and fundamental axion parameters. Accounting for the
effect of the finite size of the axion star, we study the lensing effect induced by gravity,
and by axion-photon interactions. The latter effect is frequency dependent, and is rele-
vant in the low frequency band, which motivates the use of fast radio burst (FRB) signals
as a probe. We calculate the predicted number of lensed FRB events by specifying the
fundamental axion parameters, axion star radial profile, fraction of DM residing in axion
stars, and imposing lensing criteria based on the flux ratio and time delay between the
brightest images from lensing. Assuming an optimistic case of 104 observed FRB events,
and a timing resolution of 1µs, the lack of observed FRB lensing events in CHIME allows
us to probe axion stars with mass ≳ 10−2M⊙, corresponding to axion masses ≲ 10−10 eV
and for negligible axion-photon couplings. Even lighter axion stars up to ∼ 10−3M⊙ can
be probed, assuming axion-photon couplings of at least 10−6 GeV−1. Our results indicate
that while FRB lensing by axion stars lead to sensitivities that are competitive with con-
ventional microlensing searches operating in the optical band, it remains a challenge to
probe axion-photon induced lensing effects.

Systematic Computation of Macroscopic Neutrinoless Double Beta De-
cay

Presenter: Kung-Yu Chang

A big question in particle physics is whether neutrinos are Dirac or Majorana fermions.
Apart from neutrinoless double beta decay (0νββ-decay), Macroscopic neutrinoless Dou-
ble Beta Decay (MDBD) is one of the reactions whose observation implies the existence
of Majorana neutrinos. MDBD is the longer version of 0νββ-decay with regard to the
interaction distance of neutrino exchange. One advantage of MDBD is the considerably
large number of possible types of isotopes compared with 0νββ-decay. In our work,
MDBD rates for all possible choices of the isotopes (from atomic number = 1 to 100) are
computed through a systematic procedure. We compare our results with 0νββ-decay
rates and earlier works on MDBD. For some isotopes, MDBD rates are as good as the
ones of 0νββ-decay. Furthermore, we discuss how to distinguish MDBD signals from
backgrounds via temporal and spatial correlations. Our results show MDBD is a worth-
while candidate to figure out this mystery in neutrino physics.

Machine Learning Detection of Non-Axisymmetric Fast Flavor Instabil-
ities in Compact Objects
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Presenter: Madhurima Chakraborty

Neutrinos in dense astrophysical environments such as core-collapse supernovae (CC-
SNe) and neutron star mergers (NSM) can undergo FFCs, which could develop on ex-
tremely small scales. A necessary condition for the occurrence of FFCs is the presence
of a zero crossing in the electron lepton number (ELN) angular distribution of neutrinos.
In this work, we explore machine learning (ML) approaches to detect non-axisymmetric
ELN crossings in these environments. While the ML models achieve good overall per-
formance, their accuracies vary across different test datasets, reflecting the influence
of environment-dependent features on the ML performance. When applied to already
flavor-equilibrated ELN angular distributions, the performance of our ML model is com-
paratively lower, owing to the absence of heavy-lepton flavor information in the training
inputs. However, when the crossing definition is restricted to the same flavor informa-
tion used during training, themodel performance improves significantly, demonstrating
that the ML models remain robust when the test data are consistent with the training
feature space.

Studies of Reactor νAel and Neutrino Electromagnetic Interactions at
KSNL with TEXONO

Presenter: Manoj Kumar Singh

The TEXONO collaboration proposals in 2006 on reactor electron antineutrinos (νe) stud-
ies of coherent elastic neutrino-nucleus scattering (νAel ) using low-threshold Ge detec-
tors stimulated extensive experimental activity [1], and subsequently demonstrated sub-
keV Ge detector technology for neutrino and dark matter experiments with reliable per-
formance in the sub-keV energy regime [2]. Intense low-energy fluxes of reactor νe pro-
vide a powerful probe for precision studies of νAel in the fully coherent regime [3,4],
as well as for searches for neutrino electromagnetic interactions [5]. The TEXONO col-
laboration reported the first constraint on the Standard Model (SM) νAel cross section
from reactor νe interactions in 2025 [6]. Building upon the first TEXONO limit based on
a partial dataset, we will present updated results from the TEXONO at the Kuo-Sheng re-
actor Nenutrino Laboratory (KSNL) using the full dataset collected with electro-cooled p-
type point-contact germanium (pPCGe) detectors with masses of 523 g and 1434 g. With
a combined exposure of 404(813.7) kg·days of Reactor ON(OFF) data and an electron-
equivalent energy threshold of 200 eV, we obtain improved constraints on the νAel cross
section, aswell as on neutrino electromagnetic properties, particularly the neutrinomag-
netic moment via the neutrino-nucleus scattering channel. We will further discuss the
current status and future prospects of the TEXONO experiment, with emphasis on back-
ground reduction strategies and systematic control of analysis thresholds for improved
sensitivity in the reactor νe regime. References: [1] H.T. Wong et al. (TEXONO Collabo-
ration), J. Phys. Conf. Ser. 39, 266 (2006). [2] A.K. Soma et al. (TEXONO Collaboration),
Nucl. Instrum. Meth. A 836, 67 (2016). [3] S. Kerman et al. (TEXONOCollaboration), Phys.
Rev. D 93, 113006 (2016). [4] V. Sharma et al. (TEXONO Collaboration), Phys. Rev. D 103,
092002 (2021). [5] H.T. Wong et al. (TEXONO Collaboration), Phys. Rev. D 75, 012001
(2007). [6] S. Karmakar et al. (TEXONO Collaboration), Phys. Rev. Lett. 134, 121802
(2025).

Correlatednucleon anddi-nucleondecays inducedbydarkmatter

Presenter: Mathew Thomas

Baryon number violation in the visible sector induced by anti-baryonic dark matter pro-
vides a viable mechanism for low-scale baryogenesis. Two of the most sensitive probes
of this scenario are neutron decay processes such as n → ν + invisible and n → π0 +
invisible. In this work, we discuss the possible spontaneous breaking of baryon symme-
try in the dark sector and the generation of di-nucleon decay processes such as nn → νν
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and nn → π0π0 at one-loop, arising from the operators responsible for induced nucleon
decays. While the induced nucleon decay rates in this model depend on the dark matter
density, di-nucleon decay processes do not, providing a complementary probe of the
new physics. We thus use nucleon and di-nucleon decay bounds to constrain the local
density and mass of the anti-baryonic dark matter.

Lack of cosmological expansion versus the Hubble crisis

Presenter: Michael A. Ivanov

The Hubble constant H0 characterizes the rate of cosmological expansion in the ΛCDM
model. It is a free parameter of this model and is measured using indirect, model-
dependent methods. One of the model’s most pressing problems is the statistically
significant difference between the Hubble constant values measured at low and high
redshifts —the Hubble crisis. Many hypotheses have been put forward regarding the
causes of this crisis and ways to resolve it. However, the nature of this anomaly in the
generally accepted model remains unclear. It is shown here that the overestimated val-
ues of the Hubble constant in local measurements can be eliminated by replacing the
accepted redshift mechanism with a local quantum one. The Hubble crisis is considered
as a manifestation of the weakening of the light flux due to the scattering of photons by
background gravitons within the framework of the low-energy model of quantum grav-
ity. A comparison was made of the two-parameter luminosity distance function corre-
sponding to this quantummechanism with a similar function in the ΛCDMmodel, which
best describes observations. Estimates were obtained for the light attenuation param-
eter, which replaces the effect of dark energy, and for the Hubble constant in the new
model without cosmological expansion. The resulting estimate of the Hubble constant:
H0 = 67.6 ±0 .81.6 km s−1 Mpc−1 agrees well with the results of measurements at large
redshifts and the theoretical value of this constant in this model. The results of this
comparison of the two luminosity distance functions indicate that the cause of the Hub-
ble crisis may be related to the very foundations of the accepted cosmological model.
Preprint: https://vixra.org/pdf/2604.0046v2.pdf

Gravitational YukawaPotential SearchwithGravity FieldCalibrator and
Interferometric Gravitational-Wave Detector

Presenter: Miftahul Maarif

Investigating potential deviations from Newtonian gravity provides a vital pathway to-
ward discovering “newphysics” beyond the StandardModel. This study introduces an ex-
perimental approach to search for inverse-square-law (ISL) violations at the meter scale
by utilizing a laser-interferometric gravitational-wave detector with gravity field calibra-
tors (GCal). The GCal employs rotatingmultipolemasses to exert a dynamic gravitational
field on the detector’s end test mass, allowing for a precise evaluation of the gravity
field gradient. By testing the null hypothesis within this configuration, the proposed
setup aims to constrain the Yukawa coupling strength which potentially surpassing the
current experimental limits.

Beyond-Mean-FieldModels of Nuclear Structure for DarkMatter Detec-
tion

Presenter: Navneet Krishnan

Weakly-Interacting Massive Particles (WIMPs) remain one of the leading candidates for
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darkmatter. One aspect of the search for such particles is direct detection, where terres-
trial detectors aim to observe or constrain interactions between WIMPs and nuclei. This
requires the application of a nuclear structure model in order to effectively predict the
potential nuclear responses to WIMP interactions. To date, this has been achieved us-
ing the nuclear shell model. However, for heavily deformed nuclei far from magic num-
bers, mean-field models of nuclear structure are often more suitable. This approach
however requires the development and application of beyond-mean-field methods of
projection on nuclear angular momentum and particle number in order to account for
spin-dependent nuclear responses and the effects of nucleon pairing. We present here
our preliminary work in this area, using the nucleus Argon-40 as a test-case.

Uncovering Long-Lived Doubly Charged Scalars

Presenter: Nivedita Ghosh

We propose a new search strategy for long-lived doubly charged scalars at future lepton
colliders. These particles arise in models that explain tiny neutrino masses via the Type-
II seesawmechanism. For certain masses and parameters, they can travel a measurable
distance before decaying into same-sign muon pairs, producing clear displaced-vertex
signatures. We study their production at the International Linear Collider (ILC) and a
future muon collider, focusing on final states with four leptons and missing energy. We
also show that measuring the combined mass of same-sign lepton pairs provides an
additional powerful way to identify these particles. Altogether, our approach improves
the chances of discovering doubly charged scalars at future collider experiments.

Boosted Dark Matter Directionality in Large Liquid Scintillator Detec-
tor

Presenter: Samuel S. H. Tse

Wedemonstrate the differences, with andwithout directionality information fromknock-
out neutrons, on the sensitivities of Jiangmen Underground Neutrino Observatory JUNO
on dark matter (DM) direct detection. Sub-GeV DM can be boosted by cosmic rays to
leave a detectable signal in liquid scintillator detectors. These boosted dark matter
(BDM) are dominate around the galactic center due to DM density profile. As BDM un-
dergoes quasi-elastic scattering with carbon and knocks out a neutron, we show, using
Geant4, that these neutrons retain partial directional information of the initial BDM af-
ter diffusion. For directional information, we targeted two interaction vertices involve
tracing a gamma ray from nuclear de-excitation, together with a time-delayed gamma
ray from neutron capture. At last, we conclude the directionality information mildly im-
proves the spin-independent DM–nucleon scattering cross-section constraint because
the BDM-induced neutron sky map lacks contrast.

SUSY and non-SUSY analysis of truly confining gauge theories

Presenter: Shota Saito

We classify 4D N=1 truly confining supersymmetric gauge theories, in which no center
charges can be screened. This property guarantees that Wilson loops in the fundamen-
tal representation exhibit an area law. We systematically identify all such theories for
simple Lie groups and determine the allowed matter content. In each theory, we find
condensingmagnetic operators, which are expected to explain confinement via the dual
Meissner effect. We also analyze the non-SUSY versions of truly confining gauge theories
and identify stable vacua that indicate confinement via the dual Meissner effect.
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TeV-scale unification of light dark matter and neutrino mass

Presenter: Shu-Yu HO

In this talk, we demonstrate that TeV-scale heavy neutral leptons (HNLs) responsible for
inverse-seesaw neutrinomass generation can simultaneously fix the cosmological abun-
dance and decay properties of dark matter (DM). The spontaneous breaking of lepton
number gives rise to a pseudo-Nambu-Goldstone boson that serves as a light DM can-
didate, whose mass originates from a small explicit breaking term. The same HNLs that
generate neutrino masses produce the DM via freeze-in and mediate its decay into neu-
trinos, leading to a tight correlation among neutrino masses, DM relic abundance, and
DM lifetime. For collider-accessible TeV-scale HNLs, the observed relic density and life-
time constraints point to sub-GeV DM, yielding observable neutrino signals at JUNO and
next-generation detectors such as Hyper-Kamiokande and DUNE. This framework estab-
lishes a predictive and experimentally testable link between neutrino mass generation
and DM.

Preheating and Higher-Dimensional Operators in Higgs-Starobinsky In-
flation After ACT/SPT Data

Presenter: Tanmoy Modak

In this talk, I will discuss the impact of preheating and higher-dimensional operators on
the high spectral index (ns ) measured by ACT/SPT collaborations in the CMB+BAO data.
The recent results place Higgs-Starobinsky inflation in tension at the 2σ level. I will show
how preheating and higher-dimensional operators can help alleviate this tension.

Bounds on exotic couplings from a new neutrino background

Presenter: Ujjal Kumar Dey

The existence of a rapidly spinning black hole and an ultralight boson capable of forming
superradiant cloud around it can provide a non-zero lower bound on fermion couplings
with the ultralight bosons. We propose that a manifestation of it in terms of neutrinos
can provide a minimal and concrete realization of the mechanism and can produce a
diffuse cosmic background of neutrinos. In this talk we try to connect the black hole
superradiance and fundamental interactions with this new background and put lower
bounds on such scalar and vector interactions.

Phenomenology of transverse momentum dependent parton distribu-
tion functions in baryons and mesons

Presenter: Valentin Moos

In my talk, I will motivate the study of transverse momentum dependent (TMD) parton
distribution functions (PDFs) and explain the framework of factorisation of a scattering
process and parametrising the TMDPDFs. I will demonstrate what we can achieve with
this formalism and discuss the state of the art by discussing results obtained by differ-
ent groups. In particular I will discuss our results for the pion TMDPDFs obtained by a
collaboration with Taiwanese colleagues.
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Top Quark Pair Production and Decay: The 1-Higgs-Singlet Model and
Pseudoscalar Decay

Presenter: Vishakha Lingadahally

The process of top quark pair production via the decay of the scalars in the 1-Higgs-
Singlet extension of the Standard Model is associated with large interference effects
between the loop-induced SM-like Higgs and heavy Higgs amplitudes, and the QCD con-
tinuum background. We attach leptonic decays to the di-top final state at NLO and study
the effects of spin correlation in the process. We also make phenomenological predic-
tions for the leptonic decays of the top quark pair produced via the decay of a CP-odd
pseudoscalar at the LHC at NLO accuracy, with the full spin correlation effects preserved
in the decayed products. We attach parton showers and perform analyses of differential
cross sections as functions of various parameters to study the significance of the results
in searches for new scalars and pseudoscalars beyond the Standard Model.

Circumstellar Medium of Supernovae as New Probes for Feebly-inter-
acting Particles

Presenter: Yen-Hsun Lin

We propose a novel strategy to probe feebly-interacting particles (FIPs) by exploiting
the dense, confined circumstellar medium (CSM) surrounding core-collapse supernovae
(CCSNe). FIPs produced in the proto-neutron star can deposit substantial visible energy
into the CSM via decay prior to the shock breakout from the progenitor star. This en-
ergy injection heats and ionizes the CSM, establishing a FIP-induced photosphere that
generates distinctive precursor blackbody emission. Using early-time observations of
SN 2023ixf, we translate the non-detection of excessive precursor luminosity into strin-
gent new constraints on MeV-scale dark photons as an exemplary model. Our results
significantly extend existing CCSN bounds and exclude previously unexplored regions
of parameter space. We further demonstrate that the FIP-induced dust sublimation of-
fers key diagnostics for future Galactic SNe, opening a new avenue to explore the dark
sector.

Neutrino superradiance constraint on asteroid-mass PBH Dark Matter
and beyond

Presenter: Yixuan Lin

Primordial Black Holes (PBHs) are an attractive candidate for DarkMatter (DM) and there
has been extensive experimental efforts to look for them. The so-called asteroid mass
window 1017 g - 1023 g is particularly interesting,as current observations allow such PBHs
to constitute all of DM. In this work we discuss a scenario where PBHs are surrounded by
a cloud of superradiantly produced bosons which in turn emit an approximately steady
and monoenergetic flux of neutrinos in the MeV range. We show that this leads to a
strong constraint in the upper range of the asteroid-mass range and beyond.

Constraining memory-burdened primordial black holes with graviton-
photon conversion and binary mergers

Presenter: Yu Min Yeh

The memory-burden effect stabilizes the evaporating Primordial Black Holes (PBHs) be-

Page 25



The 16th Particle Physics Phenomenology Workshop Booklet

fore its complete decay. This also suppresses the evaporation flux via the entropy factor
to the k-th power and circumvents severely astrophysical and cosmological constraints,
such that it opens a new mass window for PBH Dark Matter lighter than 1015 g which
has entered the memory-burden phase in the present epoch. In this study, we propose
two scenarios to probe PBHs in the earlier semiclassical phase that evaporate at unsup-
pressed rates. The first scenario considers gravitons, emitted semiclassically from PBHs,
propagating across the recombination epoch, then the magnetic field in the cosmologi-
cal filaments converts them into photons via the Gertsenshtein effect. The second sce-
nario relies on the PBHs mergers today, reproducing young semiclassical black holes
with unsuppressed evaporation, but it is highly model dependent and has no sufficient
theory support. For phenomenology studies, we perform computations of the extra-
galactic photon spectrum from PBHs emission according to these scenarios. The upper
limits on the fractional abundance of PBH are obtained by comparing with the sensitivi-
ties of gamma-ray observations. The graviton-photon conversion scenario excludes the
mass window 7.5 × 105 g ≤ MPBH ≤ 4.4 × 107 g with fPBH|Tϕ

≥ 1 and k = 1, assuming
the optimistic magnetic field B0 = 100 nG. Meanwhile, the merging scenario, which is
insensitive on k , restricts PBH Dark Matter lighter than 2.2 × 1011 g.
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