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Abstract

Abstract:

Dark matter (DM) is one of the greatest mysteries of our Universe. We know less about its
particle nature even though cosmological observations have confirmed its existence. The
idea of the dark sector has recently drawn attention as particle—physics models for the
DM. The DM and associated particles (collectively named as the dark-sector particles)
residing in the dark sector interact with each other, while the standard model (SM)
particles have only feeble interactions with the dark—sector particles. The studies on
the dark—sector models have intensively focused on simplified setups, where the dark
sector consists of the DM and mediator particles (connecting the dark sector and the SM
sector). However, it is plausible that the dark sector has a complicated structure as
with the SM. In this project, I will focus on the dark-sector model with confining gauge
dynamics, which lead to the dark sector composed of composite particles. There exist two
DM candidates, dark baryon and dark pion, and the typical mass scale of the DM is similar
to the masses of our hadrons (several hundred MeV to several GeV). These DM candidates
have self-interaction, which is preferred by the small-scale structure of galactic halos
Accidental global symmetries (such as dark baryon number and residual symmetry after the
chiral symmetry breaking) ensure the stability of the DM.

Meanwhile, there also exist associated dark particles, whose decay or transition
processes leave the SM particles (such as electron—positron pair) via the mediator
particles. These processes have characteristic signals that visible particles appear far
from the production point of dark—sector particles due to the feeble connection between
the dark sector and the SM sector. Ongoing and future terrestrial experiments have
explored these signals by putting the detectors away from the collision point of
experiments, called long-lived particle (LLP) searches. These future experiments will run
on the time scale of the next decade, and it is timely to study the LLP searches on the
dark—-sector models. However, the theoretical studies of LLP searches have mainly focused
on the dark-sector particle production via on—-shell mediator particles (dark—sector
particles are produced via the decay of mediator particles). My recent studies have
focused on the dark—sector particle production via off-shell mediator particles,
providing multiple visible signals with different decay lengths. These studies imply that
various LLP searches are essential for a model distinction.

In this project, I will study the dark—sector model with contact interactions. This
model is an alternative to the dark—sector models with mediator particles, where the SM
matter fermions and the dark quarks have contact interaction. First, in this project, I
will construct effective models of interactions among dark hadrons and SM particles in
the presence of contact interactions at the quark level. I will also study the
constraints on the effective interaction between the SM particles and the dark hadrons
from cosmological observations, flavor physics, and CP-violating physics. This study will
reveal the size of the contact interactions being consistent with observations and
experiments. Next, I will apply the constructed effective models to the LLP searches for
the dark hadrons in the cases with dark-baryon DM and dark-pion DM. This project will
focus on a specific production via interactions originating from the contact
interactions. However, by combining this project and existing studies, we will cover the
standard production mechanism for the dark—sector particles at the LLP searches,
particularly in composite DM models. Therefore, I am convinced that this project will
helpful to the theoretical study on the dark-sector searches and the experimental study
in near future.

Keywords: Particle Physics ;Dark Matter ;Composite Particle ;Effective field theory
:Long—lived Particle
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1 —. Direct costs 20. 0000
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2 1. Equipment Expenses 3.80001
3 Purchase of Equipment 3. 8000
4 2. Experimental and Operating Expenses 9. 0000
5 3. Allowance 7.2000
6 . Funds from other sources 0. 0000
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Budget Justification

(B (EREARFES MBI BRERRHIRA) FHEXER, RBECRIEMAE. BIrEXMm
ZFEEMRN, IEREREIMETNE. HRN, EEBEAMRRERE. WS FTHHE=IEFIER,
B RBIESRIHESESIH AR TR, X8 >50 HhiREERBESSHTLERR, )
(Please prepare the project budget in accordance with relevant requirements of the “Instruction of Budget
Table Preparation of the Research Plan of NSFC-Awarded Project” following the principle of "policy
compliance, relevant goals and economic rationality. When filling in the plan, the direct costs should be
divided into three categories including equipment expenses, experimental and operating costs, and allowance,
with explanations for each category specifying the purposes of expenditure in accordance with scientific
research tasks. Explanations should be made for a single purchase of equipment totaling 500,000 yuan or

above and for self-financing funds.)

| apply for the budget with 200,000 RMB. | assume China and other countries will relax COVID-19
restrictions on travel in 2023. The followings are the detail:

Equipment expenses 38,000 RMB:

computing instruments (for analytical computations and numerical simulations) 20,000 RMB,
software tools (annual license for calculation tools) 10,000 RMB

supplies cost 8,000 RMB: Two HDDs for data storage (2,500RMB per piece) and peripheral devices
(such as connector and display) for computing instruments (3,000RMB).

Experimental and Operating expenses 90,000 RMB:

travel/conference/international cooperation 73,000 RMB

(1) I 'will attend two domestic conferences and three internal conferences (Japan, EU, and US).
It will cost 5,000RMB for domestic conference including transportation, sojourn expenses,
and conference fee. It will cost 20,000RMB for international conferences (EU and US). It will
cost 5,000RMB for international conferences (Japan).
2*5,000+2*20,000 + 5,000 = 55,000 RMB

(2) | will invite international collaborator from Europe (or | will visit the collaborator’s group). It
will cost 15,000 RMB for flight and sojourn expenses.

(3) The remaining 3,000 RMB will be used for city transportation for discussion with
collaborator in Beijing and for giving seminars at Universities in Beijing.

publication 15,000 RMB

| will write three papers in this project. The publication costs depend on the publishers, and
average is about 5,000 RMB.

subscription for online tools for collaborating work 2,000 RMB
Allowance 72,000 RMB:

visiting researchers 36,000 RMB: | will invite three visiting researchers (one from domestic and
two from abroad) as consultants to Peking University. It can be 1,500~2,400 RMB/person*day,
hence it will cost 15,000 RMB (abroad) and 6,000 RMB (domestic) for a person, including
transportation and sojourn for a seminar.

| will involve a student in one of this project, | will pay for the student 3,000 RMB per month,
hence 36,000 RMB (one year) in total.
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Research Proposal

Please detail your research proposal following the outlines printed in
bold. Please do not delete or change the headings and the text in brack-

ets. The proposal should be no more than 18 pages.
1.Project summary

(1)Project context(including research significance, research overview
and prospect in China and abroad, and importance of the proposed study.

A list of references should be provided.)

Introduction for this project

The Standard Model (SM) for particle physics has been well-established for about half
a century. Quarks and leptons are the fundamental particles that constitute matter in the
SM. The essential difference between them is that only quarks carry color charges
which cause strong interaction. Analogous to the strong interaction not mediated among
leptons, there would exist particles that do not have any charges of the SM, which is
called the sequestered sector. The idea of the sequestered sector has been considered in
various contexts (e.g., supersymmetry breaking in the hidden sector and its mediation).
For about a decade, the dark sector where the dark matter (DM) resides has gotten
received attention as new candidates of models beyond the SM (BSM) (e.g., see Ref.
[1]). The dark sector has its own gauge dynamics, and the DM and/or its associated
dark particles carry charges of dark gauge dynamics, while the SM particles do not.

There are several ongoing and future experiments/observations for the DM particle
searches in terrestrial experiments and astrophysical observations. It is suggested that
the DM would have a feeble interaction with the SM particles in light of the null
detection of the DM particles at the collider experiments and the direct/indirect
detection experiments. In particular, the DM direct-detection experiments (such as
XENON and LUX), which measure the scattering between the DM and the SM nuclei,
have put strong constraints on the scattering cross-section. The conventional weakly
interacting massive particle (WIMP) scenario is now confronted with the direct-
detection constraints. Its scattering process is related to the WIMP annihilation process
that determines its abundance today. On the other hand, the dark-sector models would
have the DM number changing processes (such as annihilation) within the dark sector
independent of the scattering process with the SM particles. Therefore, I am focusing
on the dark sector DM models that have been less explored than the conventional
WIMP models.
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Many of the dark-sector models that have been recently focused on are simplified as
particle physics models. These particle contents are assumed to be minimal, and masses
and interactions are optimized for experiments or for explaining reported discrepancies
of physical observables between the measured value and the SM prediction. These are
convenient as benchmark models for experimental searches. However, these models do
not explain why the dark-sector particles have specific masses and interactions. The
lack of explanation has motivated me to focus on the dark sector with strong gauge
dynamics. As with the SM strong force, the strong gauge dynamics in the dark sector
lead to the confinement at the low-energy, and then the dark hadrons play a role of dark-
sector particles. The masses and interactions of dark hadrons are predominantly
determined by the strong dynamics analogous to the SM hadrons. The dark hadrons
would have the masses similar to the SM hadrons when the ultraviolet origin of the dark
strong dynamics is similar to that of the SM strong dynamics (such as grand unification
or string theory). Global symmetries arise in the low-energy scale (as with the baryon
number in the SM), and hence the accidental symmetries ensure the stability of dark
hadrons. Analogous to the SM hadrons, it is expected that the dark hadrons would have
the sizable self-scattering cross section, which is recently expected as a solution of the
small-scale crisis of the galactic halos (see Ref. [2] for dark hadrons).

Dark hadrons are categorized into two groups: dark baryons and dark mesons. When
the dark baryons are the DM, the DM abundance would be determined by the
asymmetry as with the baryonic-matter abundance in the Universe, which is named as
composite asymmetric dark matter (ADM) scenario. The symmetric component of the
dark baryon relics is strongly depleted by emitting dark pion. Hence, dark pions
predominantly carry the entropy in the dark sector unless the entropy is somehow
released into the SM sector. My recent work has focused on the composite ADM with
dark photon [3], where the dark photon releases the entropy in the dark sector to the
SM sector. I have proposed an ultraviolet completion that naturally provides essential
ingredients and the origin of fine-tuned parameters in the composite ADM with dark
photon in the context of grand unification [4]. The proposed model has a mirror
structure of gauge dynamics between the SM sector and the dark sector at the very high-
energy scale, and then the similar structure between the two sectors remains even at the
low-energy scale. Another possibility is that dark pions, the lightest dark mesons, are
the DM. Suppose baryogenesis in the SM sector does not affect the number asymmetry
of the dark baryons. In that case, the abundance of dark baryons is expected to be too
small to explain the DM abundance since dark baryons efficiently annihilate into lighter
particles such as dark pions. Thus, the dark pion is the DM candidate. Depending on
the dark pion mass, the abundance of dark pions would be determined by different
mechanisms [5]:

o Strongly interacting massive particle (SIMP) mechanism [6]
e Semi-annihilation mechanism with spin-1 resonances (so-called vector mesons)

[5]

e Conventional annihilation mechanism (WIMP mechanism)
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Due to the feeble interactions with the SM, it is often challenging to directly explore
the dark sector at terrestrial experiments. However, thanks to the feeble interactions,
the dark-sector particles tend to be long-lived. It is promising to investigate the dark-
sector particles at the long-lived particle (LLP) searches, the fixed-target experiments
and collider experiments, and at cosmological observations. The LLP searches at the
terrestrial experiments are mostly parasitic experiments, which put a new detector to
the original collider experiments. Therefore, their construction timeline is short com-
pared to constructing a new facility for new collider experiments. One of the LLP
searches at the collider experiment is FASER experiment, which is located in the for-
ward direction at the ATLAS experiment at Large Hadron Collider (LHC). This exper-
iment has been already accepted, and will take data during LHC-run3 (from 2022). As
for the LLP searches at the fixed-target experiments, DarkQuest is a program of the
search for dark-sector particles at the existing SeaQuest spectrometer experiment at
Fermilab, which is originally planned to explore the antiquark structure of nucleons.
The DarkQuest experiment will run on the timescale of 2023-2024. The studies on the
LLP searches for the dark-sector particles are timely, and it is important to prepare the
theoretical predictions for the experimental results.

I have recently discussed the LLP searches for dark hadrons at collider and fixed-target
experiments: particularly in the composite ADM with dark photon [7] and in the SIMP
model with dark vector mesons [8]. Compared to the LLPs in the simplified models,
the dark-sector particles would have various lifetimes. Hence, it is essential to search
for dark-sector particles with different decay lengths for the dark-sector model with
confining dynamics. In particular, I have currently studied the searches for the LLPs
produced via off-shell light dark photons. In composite ADM models, the production
of the dark hadrons via off-shell dark photons is necessary since the dark photon is the
lightest particle in the dark sector to release the entropy. The dark photon predominantly
decays into the SM particles rather than the dark-sector particles in the case of
production via off-shell dark photons. Meanwhile, the dark hadrons decay into lighter
states, emitting dark photons, finally leaving the visible signals. The various signals are
expected to be discovered at different experiments in the best case (see Figure 1): the
dark photons at the prompt-decay searches or the displaced vertex searches and the dark
hadrons at the LLP searches.
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Figure 1. Various decay and transition processes in the dark-sector model with confining gauge dynamics.
On-shell dark photon (denoted by ") will decay into the SM particle (through mixing with the SM photon).
Dark proton will convert into dark neutron with emitting dark photon (this process is caused by the sym-
metry breaking for dark photon). Dark pion decays into two dark photons via anomalous interaction (as

with the neutral pion decay in the SM).

I have discussed the dark sector in the presence of light mediator particles (such as dark
photons). The LLP searches have been intensively studied in the presence of mediator
particles, particularly the case with the production via on-shell mediator particles. Light
mediator particles play an important role in producing the LLPs, but these are not all.
When the dark sector and the SM sector are connected via contact interactions (such as
Fermi interactions) of quarks and dark quarks, the LLPs can be produced via the
interactions. It is significant to include the dark hadrons produced via contact
interactions for the comprehensive studies for the dark hadron searches at the LLP
experiments. I expect that our work will help comprehend the structure of complicated
dark-sector from the future and ongoing experiments, and that our work will give new
insights into the dark-sector models.

Research significance

Recently, the dark-sector particle searches at LLP searches at terrestrial experiments
have gotten attention. Many of the ongoing/future experiments for the LLP searches
will run on the timescale of next decade. From theoretical point of view, it is an urgent
task to clarify the theoretical predictions of the plausible particle-physics models. Most
theoretical studies for the LLP searches have been focused on the case with the simple
production of the dark-sector particles. My projects have covered two cases of
production of the dark-sector particles (via on-shell/off-shell particles), particularly in
the context of confining dark-sector models. In this study, I will cover an alternative
production via contact interaction (see Figure 2). This study will give a complete set of
methods for the standard production processes in the LLP searches.
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Confining gauge dynamics for the dark sectors would give us a new insight from a
theoretical point of view. Strong dynamics have been studied in various contexts, for
example, in a chiral (massless quark) limit, in supersymmetric models, and so on. In
this study, a composite particle is the DM candidate and is definitely a massive particle.
I will apply and improve these methods and technologies to massive non-
supersymmetric field theories for dark-sector particles. I expect that the knowledge
from this study will deepen our understanding of strong dynamics.
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Figure 2. Schematic picture for production processes. Production via mediator particles is shown in the left
panel (production via decay of on-shell mediator) and the middle panel (production via off-shell mediator),

while direct production via contact interaction is shown in the right panel.

(2)Project description, objectives, and the key scientific problems to

be solved.

As one of my long-term projects, I have studied the dark-sector models with confining
gauge dynamics. In this project, I have recently studied the searches for the dark
hadrons at the terrestrial experiments, in particular, LLP searches at the fixed-target
experiments and the collider experiments. Towards an annual goal of this project, I will
study the dark-sector model where the connection to the SM sector arises only from the
contact interactions at the quark level. In this study, I will not explore the origin of
contact interaction, but I expect this project will open a new avenue for model buildings
for BSM. One of the critical issues is connecting the experimental results to the
theoretical predictions of the models. It is not straightforward to connect the theoretical
models with a confining sector to their observables due to the non-perturbative aspect
of strong dynamics. Besides, it is also essential to confirm that the dark-sector models
are consistent with cosmological observations, especially DM stability and entropy
carried by dark-sector particles, in the presence of the contact interactions.

I will achieve this annual goal in two steps. First, I will construct an effective theory
describing interactions between the dark hadrons and the SM particles. The different
dark hadrons would be required depending on the phenomenological observables: more
concretely, the different dark hadrons mean spin-0 dark pions, spin-1 resonances (rho
meson-like dark mesons), and dark baryons. Hence, it must be important to change the
effective theory for dark hadrons depending on the situation. Second, using the
constructed effective theory, I will provide the experimental constraints on the model
and the future sensitivities to the model. Dark hadrons would scatter with the SM nuclei
when the dark quarks have contact interactions with the SM quarks. Hence, the DM
direct detection may put an upper bound on the size of the contact interactions. Similar
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to the conventional dark-sector searches at the terrestrial experiments, I will focus on
the long-lived particle searches. In addition, the contact interactions would induce the
phenomenological impact on other observables related to the SM sector, such as flavor
observables and CP-violation observables. It would be important to include radiative
(quantum) corrections, more precisely renormalization group effects, since many of
these observables are precisely measured. This project would involve the improvement
of theoretical predictions by radiative corrections.

(3) Research approach and methodology, as well as feasibility analy-

S1S.
Research details

The dark-sector models have currently received attention as new candidates of BSMs
after LHC run-1 and 2, as I mentioned before. It is very natural to consider the dark
sector is complicated as the SM sector. I will focus on the dark sector with the confining
gauge dynamics in this project: notably, there are only contact interactions between the
quarks and the dark quarks.

At the first stage, I will study the effective theory describing interactions between the
dark hadrons and the SM particles. It is not straightforward to construct the effective
theory from the strong dynamics. Fortunately, since quantum chromodynamics (QCD)
has been studied from the theoretical and experimental points of view for about half a
century, we can utilize the understanding of QCD to construct the effective model of
dark hadrons. The low-energy degrees of freedom would differ depending on the
phenomena of interest. I plan to use the chiral Lagrangian construction for spin-0 dark
mesons (e.g., dark pions) and Hidden-Local Symmetry construction for spin-1 dark
resonances (e.g., dark tho mesons). Since these constructions rely only on symmetry
arguments, many unknown parameters will not be required to be introduced. These
constructions would lead to more plausible predictions for the phenomena. I will use
the “naive dimensional analysis (NDA)” method for heavier resonances and baryons,
if necessary, to determine interactions and masses. I need to explore a better way to
construct the effective theory instead of NDA if the predictions are uncertain due to
multiple parameters.

We should care about the DM candidate when we consider the dark-sector models. We
have two options for DM in the dark-sector models with confining dynamics: dark-
baryon DM and dark-pion DM. In the case of dark-baryon DM, the DM would be
accidentally stable thanks to accidental global symmetry as with the SM proton, and its
abundance is realized as the asymmetric DM scenario. Furthermore, I should restrict
our system of the dark-baryon DM to specific ones since the properties of dark baryons
strongly depend on gauge group: spin, stability, and so on. It is crucial to deplete
enormous entropy in the dark sector, which arises from strong annihilation processes
of dark baryons, as discussed before. At least, the lightest dark pions should decay into
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the SM sector via the contact interactions in order to achieve the significant suppression
of dark-pion number in the Universe. One of the promising experiments to explore this
model is the LLP searches. Once dark pions are produced via the interaction at the
collider and fixed-target experiments, a dark pion leaves visible decay signals via the
very same interactions.

Meanwhile, very different situations would arise when a dark pion is the DM. The
decay process of the lightest dark pion originating from the contact interactions should
be prohibited or extremely small to ensure the longevity of the DM. If other dark pions
have the decay operators to the SM sector, these would also provide the visible decay
signals. In this case, the DM abundance is affected by the contact interactions, and
hence it is necessary to find the parameters realizing the correct DM relic abundance.
When the DM abundance is realized via the SIMP mechanism, it is known that the pion
self-interaction tends to be large. This implies that the dark pion masses would be close
to the dark dynamical scale. Hence, the contributions from the (vector) resonances
whose masses are close to the dynamical scale would not be negligible. In this case, the
vector resonances can be long-lived due to the kinematics. The searches for the dark
vector-resonances at the fixed-target experiments (particularly, DarkQuest) have been
studied. I am currently studying the searches for the dark vector-resonances at the
collider experiments, such as the FASER experiment. In this project, I will consider the
case that the vector resonances are produced only via the contact interactions, and I will
discuss the discovery potential at the fixed-target experiment (DarkQuest) and the
collider experiment (FASER).

There are other interesting features of this project. The contact interactions between
two sectors may have the flavor violation and the CP-violating phases in the SM sector.
Hence, these give new contributions to the flavor and CP-violation observables. The
precision measurements of these observables would put constraints on the contact
interactions besides the DM direct detection and the LLP searches. These constraints
get stronger when the light SM quarks or leptons are included in the interactions:
especially the bounds from Kaon/pion physics and lepton-flavor universality violation.
Last but not least, I will not treat the origin of the contact interactions in this project.
But, after I clarify the structure of the contact interactions, I will also discuss their origin
in the context of grand unification or some ultraviolet model buildings.

Justification

I have continued to study particle physics models with dark sectors. I have discussed
the experimental/observational signature in the context of the confining dark sector:

o The long-lived particle searches at the collider and the fixed-target experi-
ments [7,8]

e Cosmic-ray signals [2]

o The self-interaction of DM motivated by the small-scale structure of galactic
halos [2,9]

Page 13 Version: 22900313135951684



N National Natural Science Fund of China 202207

One of the essential building blocks for this study is the long-lived particle searches. I
have recently derived approximate (semi-analytic) formulae for the existing constraints
and the future sensitivities of the long-lived particle searches [7] and have improved
the numerical codes for the searches, including the off-shell production [8]. I will utilize
and improve these methods for searching for long-lived particles with contact
interactions. I have also studied the strong dynamics in the dark sector in the literature:
SIMP [9], SIMP with vector resonances [8], and baryon effective theory with linear
sigma model [7]. In the context of the model-building, I have proposed an ultraviolet
model for the composite asymmetric dark-matter model with a dark photon portal. In
this study, I have addressed two unknown ingredients for the composite ADM, tiny
kinetic mixing between dark photon and visible photon and portal interaction sharing
the matter asymmetry and the DM asymmetry.

(4)Originality and innovative aspects of the proposed study.

This project contains the following new ideas.

(1). T will construct the dark-sector models with the contact interaction. These
models are alternatives to the models with light mediator particles, which have
not been explored yet.

(2). This study will cover possible production mechanisms for dark hadrons by
combining these new models and the conventional studies.

(3). Compared to the conventional dark-sector models with mediator particles,
since the dark particles directly couple to the SM particles only through the con-
tact interactions, the dark particles would induce non-trivial phenomenology. In
particular, the contact interactions may induce new contributions to flavor or
CP-violation observables. The future precision measurements for the observa-
bles will find some experimental deviation from the SM predictions.

(5) Annual research plan and expected results.

I plan to carry out the proposed project by following the steps below:

1. Construct the effective theories deduced from the confining dark sector with
the contact interactions to the SM particles, and classify the effective theories
based on gauge and flavor symmetries in the dark sector.

2. Provide experimental bounds on the contact interactions from flavor and CP-
violation observables, and interpret these bounds in terms of the effective
theories for dark hadrons. (optional) improve the theoretical prediction by
including radiative corrections.

3. Applying the effective theories to the case of dark baryon DM.

4. Applying the effective theories to the case of dark meson DM.

I will make the first paper for steps 1-2 as the generic constraints on the effective
theories with the confining gauge dynamics. Then, I will write two papers for the latter
steps as the applications for the concrete models (composite asymmetric dark model for
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dark baryon and SIMP scenario). I have to revise the thermal history of these models
in the presence of contact interactions, and hence I will write two papers separately.

2.0ther issues that should be specified

(1) Have you applied for other NSFC programs this year? (If so,
please list the programs and project titles and explain the differences and

connections between those projects and this proposal.)
No.

(2) Are you currently undertaking any research projects related to this
proposed study? (If so, please list the title and grant number of the research
projects, your role in the projects, source of funding, starting and ending

dates, and connection with this proposal.)
No.

(3)Have you (as PI or as participant) submitted applications to NSFC
from more than one host institution in the same year? (if so, please list the
program, title, and host institution of the applications you submitted (as PI
or as participant), and explain why you submitted the applications from

different host institutions.)
No.

(4)Do you have any on-going NSFC grants applied through other host
institutions? (if so, please list the grant number, program and title, host
institution, starting and ending dates of the on-going grants, and explain

why you applied through different institutions.)
No.

(5)Are there any career break in your education or work experience?

(if so, please explain the reason.)

I have a career break between September 2020 and August 2021. I could not enter
China due to COVID-19, and thus I could not start the work at Peking University from
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September 2020. During the period, I have stayed in Japan and visited Nagoya Univer-
sity.
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Takumi Kuwahara Resume

EsCREE, WERsERE,  BUEATSTA

Education:
(1) 2014-04 % 2017-03, Nagoya University, Physics, f#H:
(2) 2012-04 % 2014-03, Nagoya University, Physics, fii-l:

(3) 2008-04 % 2012-03, Tokyo University of Science, Physics, *%1:

Postdoctoral work experience:
(1) 2021-09 &= 4~, fEuh, Peking University
(2) 2017-09 & 2020-08, institute for basic science

(3) 2017-04 % 2017-08, University of Tokyo

Research and work experience (Except Postdoctoral work experience) :

(1) 2021-09 & 4+, Peking University, School of Physics, BhFEHWI5T 5

Other identity documents that have been used:

7[‘::

NSFC projects the applicant has undertaken either as Pl or participant in the las
t 5 years:

y

Other research projects the applicant has undertaken either as Pl or participant

in the last 5 years (Except NSFC projects) :
y

Representative research achievements and academic awards:

—. Representative publications:

(1) Ayuki Kamada; Hee Jung Kim; Takumi Kuwahara ; Maximally self-interacting dark matter: mod
els and predictions, Journal of High Energy Physics, 2020, 12(202) G0

(2) Masahiro Ibe; Ayuki Kamada; Shin Kobayashi; Takumi Kuwahara; Wakutaka Nakano ; Baryon-dar
k matter coincidence in mirrored unification, Physical Review D, 2019, 100(7) A0

(3) Jason L.Evans; Kenji Kadota; Takumi Kuwahara ; Revisiting flavor and CP violation in supe
rsymmetric SU(5) with right-handed neutrinos, Physical Review D, 2018, 98(7) G0

(4) Junji Hisano; Takumi Kuwahara; Yuji Omura ; Threshold corrections to baryon number violat
ing operators in supersymmetric SU(5) GUTs, Nuclear Physics B, 2015, 898: 1-29 A0

(5) Junji Hisano; Takumi Kuwahara; Natsumi nagata ; Decoupling Can Revive Minimal Supersymmet
ric SU(B), Journal of High Energy Physics, 2013, 2013(38) AT S0)

—. Representative research achievements and academic awards:

P
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Attachment
No. File name Note Attachment type
1 Contract Agreement
2 Certificate of Employment Agreement
. . _ Representative papers (no ‘
3 publication (1)-1 more than five) }
. . _ Representative papers (no \
4 publication (1)-2 more than five) \
. . _ Representative papers (no
5 publication (1)-3 more than five)
. . Representative papers (no
6 publication (2) more than five)
. . Representative papers (no
7 publication (3) more than five)
. . Representative papers (no
8 publication (4) more than five)
Published version is not open .
. . . . Representative papers (no
9 publication (5) access and is not available .
. . . more than five)
from Peking University.
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Title: Study on Composite Dark Matter with Contact Interactions

Research Fund for International Scientists/Research Fund for
International Young Scientists

Application Code: A2605. FRAERBITRS RS K 5 B 2R

Program/Type:

Letter of Commitment for Research Integrity of Applicants for National Natural
Science Fund Projects

I hereby solemnly promise that, in accordance with the requirements of the NSFC Guide
to Program and other relevant regulations, the proposal and documents submitted are
authentic and effective and there is no violation of scientific research integrity. In the
whole process of application, review and implementation of NSFC projects, I will strictly
abide by ethics and professional standards, and scientific morality, as well as stick to
review rules of NSFC and other provisions. I will avoid any misconduct that may affect the
fairness of the review of NSFC projects

I am aware that if any of the foregoing statements made by me are willfully violated,
I am subject to punishment according to regulations of the National Natural Science

Foundation of China and laws of China.

Signature:
Date:
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Research Fund for International Scientists/Research Fund for
International Young Scientists

Application Code: A2605. FRAERBITRS RS K 5 B 2R

Program/Type:

EXRE AR FEEST HRIFRMRTOBERIES

AT ARTE: FE K O ARR RS I H H 55 [ K BARR RS S S Bk, DA
B HE N RIS AR RHIRERE K FRE NPT HE AR ELSEVE L SRR & R EEAT A%

TAVEHAL AR S JBAT R A LG I H g PR BB, BF. CREESEER DT, Al sy K H AR
FREARGZR IR TIUH VP 5L BRAE TAEMNANSEK,  AR4emT B S m Rl 2 S 000 H PEHT A PR
700, ARSFRHME L,  nss MG g i, SRRV R A SR S I H B B S St ) R A5

BT A, A AL A RS K H AR BB DA s RIAH DR T A AR AL BR PR E
Letter of Commitment for Research Integrity of Host Institution for National Natural
Science Fund Projects

This is to certify that we’ ve conducted check on the applicant’ s eligibility and
research ethics,as well as the authenticity, completeness and compliance of the documents
submitted by the applicant in accordance with the National Natural Science Foundation of
China (NSFC) Guide to Program and relevant regulations.

We will fulfil the responsibilities related to the application, review, management,
supervision and support of NSFC projects in accordance with NSFC regulations. We will
strictly abide by the NSFC regulations on project review and funding management, and avoid
any activities that may affect the fairness of review. We will strictly uphold research
ethics and foster scientific integrity, so as to contributing to a sound environment for
project funding and implementation.

In case of breach of commitment, we will accept the penalty decision made by the

National Natural Science Foundation of China and relevant departments

WFE AT A
Stamp of the host institution
H =4 H



