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‣ Interested in physics regarding light and feebly interacting particles

• IceCube gap and muon g-2 in  model at Belle-II

•Dark photon/B-L via dark higgs @ FASER and T2K

• Lepton flavor violating decays @ FASER

• Inelastic dark matter @ FASER

•Atomki anomaly

Lμ − Lτ

‣Other possible new physics and also possibilities at other experiments

‣Let’s discuss together when you are interested in

Araki san’s talk

•Axion-Like-Particles (incl. LFV)

•Dark mesons (e.g. dark chiral symmetry breaking)

•On-going experiments : Belle-II, FASER, T2K

•Future/Planned : ILC beam dump, FACET, SHiP, DUNE etc.
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Light & feebly int.

high energy frontier
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LHC, HL-LHC
LEP, Tevatron,

Belle, BaBar, LHC, etc

FASER, Belle-II, T2K, COHERENT, 
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CODEX-b, FACET, MATHUSLA, 
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New Physics Scale

•Naively, new light particles suggest low scale new physics.
It could be as low as and/or slightly above new particle masses.

•Such particles can be signatures of high scale new physics.

‣Gravity is very much weak (and graviton is massless),  
even though it is the Planck scale physics.

‣Neutrino masses are tiny, which could originate from  

EW Dirac and super-heavy Majorana masses (seesaw).

‣Axion mass and coupling are O(1) meV and O(10-12) /GeV  

for the breaking scale of PQ symmetry, fA~109 GeV.

e.g.

The breaking scale of U(1)D is estimated as

‣Suppose a new gauge boson of U(1)D, with mass O(100) MeV  
and the coupling O(10-4).

e.g. dark photon

v� =
M

g0 = O(1) TeV
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New Physics Scale
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LLP search experiments
Experiments to search for light and feebly interacting particles 
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FIG. 1: Complementarity of di↵erent experiments searching
for LLPs [4].

many decay widths are suppressed by the mW � ⇤QCD

hierarchy, loop and phase-space suppressions, and/or the
smallness of one or more CKMmatrix elements. TheK0

L,
⇡
±, neutron and muon are the most spectacular examples

of microscopic particles naturally acquiring a very long
decay length. Such LLPs are also ubiquitous in BSM
scenarios featuring e.g. Dark Matter, Baryogenesis, Su-
persymmetry or Neutral Naturalness.

The program to search for LLPs at ATLAS, CMS and
LHCb is vibrant and draws on the expertise of both anal-
ysis and detector specialists, as well as theorists [1]. The
sensitivity of both ATLAS and CMS to the decay-in-
flight of LLPs is greatest when they are relatively heavy
(m & 10 GeV), though there are some important excep-
tions (e.g. [2, 3]). The reason for this is that backgrounds
and trigger challenges can strongly limit the reach for
light LLPs in the complicated environment inherent to a
high-energy, high-intensity hadron collider. These di�-
culties are o↵set to a large degree by LHCb and FASER,
thanks to, in the former case, its high-precision VEr-
tex LOcator (VELO) and, in the latter case, its large
amount of shielding. Because of their locations and ge-
ometry, their sensitivity is restricted to relatively short
lifetimes and production at low center-of-mass energies,
and their sensitivity to LLPs produced in, e.g., exotic
Higgs or B decays can be quite limited, especially for
c⌧ & 1m. To achieve comprehensive coverage of the
full LLP parametric landscape, one or more high vol-
ume, transverse LLP detectors are therefore needed (see
Fig. 1). CODEX-b (“COmpact Detector for EXotics at
LHCb”) is a low cost option, which makes use of existing
technology and infrastructure.

The CODEX-b experiment is a special-purpose detec-
tor proposed to be installed near the LHCb interaction
point to search for displaced decays-in-flight of exotic
LLPs [4–6]. A recent Expression of Interest (EoI) pre-
sented the physics case and extensive experimental and
simulation studies for the proposal [4]. The core advan-

tages of CODEX-b are

a) its competitive sensitivity to a wide range of BSM
LLP scenarios, exceeding or complementing the
sensitivity of existing or proposed detectors;

b) a zero background environment, as well as an acces-
sible experimental location with many of the nec-
essary services already in place;

c) its ability to tag events of interest within the exist-
ing LHCb detector, independently from the LHCb
physics program;

d) its compact size and consequently modest cost,
with the realistic possibility to extend detector ca-
pabilities for neutral particles in the final state.

CODEX-b will provide competitive sensitivity over a
large range of di↵erent LLP production and decay mech-
anisms; extensive studies of this can be found in the ex-
pression of interest [4] and are outlined in brief below.
The proposed CODEX-b detector would be located

roughly 25 meters from the LHCb interaction point (IP8)
and have a nominal fiducial volume of 10 ⇥ 10 ⇥ 10m3

(see Fig. 2). The location roughly corresponds to the
pseudorapidity range 0.13 < ⌘ < 0.54. Backgrounds are
controlled by passive shielding provided by the existing
concrete UXA radiation wall, combined with an array of
active vetos and passive shielding to be installed adjacent
to IP8.
A smaller proof-of-concept demonstrator detector,

CODEX-�, will be operated during Run 3 of the LHC,
with installation planned for the winter of 2022–2023.
This detector will be placed in the proposed location of
CODEX-b, shielded only by the existing, concrete UXA
wall.
The remainder of this white paper is structured as fol-

lows. We review the motivation and physics reach for
CODEX-b in Sec. II. The optimization of the detector
geometry and the status of the background simulations
are discussed in Secs. III and IV, while Sec. V describes
the status of the CODEX-� demonstrator detector. We
conclude in Sec. VI.

II. PHYSICS CASE

Discussed in extensive detail in Ref. [4], the physics
case for CODEX-b is principally motivated by the very
broad class of models that may be explored through LLP
signatures: almost any model with either a hierarchy of
mass scales, loop suppressions and/or small couplings
may feature an LLP in its spectrum. The Standard
Model (SM) is the most famous and obvious example
of such a theory, which has all three of these features,
and many extensions of the SM exhibit at least one. The
broad array of possibilities raises the problem of how to
achieve comprehensive coverage of the theory landscape,
something which can only be accomplished with a set

• Belle-II (dark photon)

• NA62 (heavy neutral lepton)

• NA64 (dark photon)

• FASER (dark photon/higgs, etc)
• CODEX-b

• MATHUSLA

• FACET

LHC

Collider

Codex-b, 2203.07316

• SHiP (hidden particles)

• DUNE (heavy neutral lepton, trident)

Good time to consider light and feebly int. physics
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Main Motivation

‣One of the major open questions in particle physics and cosmology

‣No candidates in the Standard Model (SM) particle content


‣New neutral massive particle weakly coupled to the matter

Dark Matter



The SM 
particles

Dark Particles 
(Dark Matter)

portal to 
dark sector

messenger
*portal = 入り口

singlet under the SM symm.
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Dark Sector

‣No direct interactions exist between the SM and dark particles.

‣Messenger particle (portal) connects two sectors.

Non-observation of BSM leads to the idea of  “dark sector”, which  
almost decouples from the SM sector.

 Dark Sector 

‣ “Dark Particles” are model(problem)-dependent.

‣ “Portal-SM Interactions” are rather model-independent.

Dark Sector
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Portals
There are 4 possible portals invariant under the SM symmetries,

•Vector Portal : ✏Bµ⌫A
0µ⌫ (µS + �

0
S

2)|H|2•Scalar Portal :

•Fermion Portal : YNLHN

SM

SM
�, Z

✏
A0

(B: U(1)Y gauge boson)

gauge kinetic mixing

•Axion Portal :
a

fa
Fµ⌫F̃

µ⌫

H

L

N
YN

right-handed neutrino

SM gauge boson
f�1
a

a

SH
µv

scalar mixing

S

S

H

H

�

H

µ

H

S
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FASER experiment

‣ ForwArd Search ExpeRiment (FASER) at LHC, starting from 2022.

‣ Detector is placed 480m downstream from the ATLAS interaction point.

‣ Search for long lived particles such as dark photon, dark Higgs,  

Axion-like particle, etc.

Feng, Galon, Kling, Trojanowski, PRD97 (2018)

“The FPF at HL-LHC”, arXiv:2203.05090

FASER実験の概要
8

• FASER (ForwArd Search ExpeRiment at the LHC)は、2022年から開
始される新しい軽い新粒子探索実験

• ベンチマーク探索モード: 暗黒フォトンの電子・陽電子対への崩壊(A’ 
→ e+e-)
➢他の探索: dark Higgs, Axion-like particle, sterile neutrino, etc..

• 検出器はATLASビーム衝突点の480m下流に設置する

• LHCにおける前方方向の陽子・陽子衝突事象の高い断面積を活用
する初めての新粒子探索

Takubo, PPP2020 at YITP Kyoto

Long-Lived Particles

‣ Decays of LLP will be identified.

• separation of e and μ with opposite charges.

• two tracks with the same momentum, originated from the same vertex.

• half of energy deposit compared to the total energy of two tracks.

Energy measurementTrackingDecay VolumeScintillator veto

LLP μ
e
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Dark Photon @FASER
16

(a) (b)

FIG. 7. 90% confidence level exclusion contours in (a) the dark photon and (b) the B � L gauge boson
parameter space are shown. Regions excluded by previous experiments are shown in grey. The red line
shows the region of parameter space that yields the correct dark matter relic density, with the assumptions
discussed in the text.

neutrinos may be produced through the freeze-in mechanism, and the resulting relic density may
be significant in the regions of parameter space probed by FASER [55–57].

X. CONCLUSIONS

The first search for dark photons by the FASER experiment has been presented, providing a
proof of principle that very low background searches for long-lived particles in the very forward
region are possible at the LHC. The search applies an event selection requiring no signal in the
veto scintillator systems, two good quality reconstructed charged particle tracks and more than
500 GeV of energy deposited in the calorimeter. No events are observed passing the selection, with
an expected background of (2.3 ± 2.3) ⇥10�3 events. At the 90% confidence level, FASER excludes
the region of ✏ ⇠ 4⇥ 10�6

� 2⇥ 10�4 and mA0 ⇠ 10 MeV� 80 MeV in the dark photon parameter
space, as well as the region of gB�L ⇠ 3 ⇥ 10�6

� 4 ⇥ 10�5 and mA0
B�L

⇠ 10 MeV � 50 MeV in
the B�L gauge boson parameter space. In both the dark photon and B�L gauge boson models,
these results are one of the first probes of these regions of parameter space since the 1990’s, and
they exclude previously-viable models motivated by dark matter.
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First results on dark photon and B-L gauge boson
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FASERν experiment FASER JAPAN HP
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FASERν experiment FASER JAPAN HP

First observation of collider neutrino event 

@  s = 13.6 TeV (Eν > 200 GeV)
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FASER2 detector

Lmin (m) Lmax (m) R (m) L (ab�1)

FASER 478.5 480 0.1 0.15
FASER 2 475 480 1.0 3.0

‣ Upgrade of the FASER detector is also planned at High-Luminosity LHC.

‣ The detector will be enlarged to increase statistics hundred times larger  

than FASER.

length of decay volume radius
integrated  
luminosity
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J. Phys. G: Nucl. Part. Phys. 50 (2023) 030501 Major Report

Figure 2. The FPF will probe topics that span multiple frontiers, including new particles,
neutrinos, dark matter, QCD, and astroparticle physics.

frontier, as they are produced with very high boosts, allowing probes of shorter lifetimes, or
through rare B decays and similar processes that are much less common at other facilities.
These capabilities result in unique projected sensitivities in many BSM models that surpass
current, or even future expected, limits.

Quantum chromodynamics. The FPF has the promising potential to probe our under-
standing of the strong interactions as well as of proton and nuclear structure. It will be
sensitive to the very forward production of light hadrons and charmed mesons, providing
access to both the very low-x and the very high-x regions of the colliding protons. The former
regime is sensitive to novel QCD production mechanisms, such as BFKL effects and non-
linear dynamics, as well as the gluon parton distribution function (PDF) down to x ∼ 10−7,
well beyond the coverage of other experiments and providing key inputs for astroparticle
physics. The latter regime provides information on open questions relating to the high-x
PDFs, and in particular intrinsic charm. In addition, the FPF acts as a neutrino-induced
deep-inelastic scattering (DIS) experiment with TeV-scale neutrino beams. The resulting mea-
surements of neutrino DIS structure functions represent a valuable handle on the partonic
structure of nucleons and nuclei, particularly their quark !avor separation, that is fully com-
plementary to the charged-lepton DIS measurements expected at the upcoming electron–ion
collider (EIC).

Neutrino physics. The LHC produces high energy and intense !uxes of all !avors of neu-
trinos and anti-neutrinos in the forward region. Ten-tonne-scale experiments at the FPF are
being designed to detect ∼105 νe, ∼106 νµ, and ∼103 ντ interactions with energies between
several hundreds of GeV and a few TeV, an energy range that has not been directly probed for
any neutrino !avor. In addition, by measuring the charge of the resulting muons in charged-
current (CC) interactions, muon and tau neutrinos and anti-neutrinos will be distinguished.
These neutrino event will signi"cantly extend accelerator cross section measurements and

19

Forward Physics Facilities

LFV

Hidden QCD?
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Vector Boson
J. Phys. G: Nucl. Part. Phys. 50 (2023) 030501 Major Report

Figure 70. Sensitivity reaches of FASER and FASER2 (solid red lines) to the minimal
secluded hidden photon (left) and a U(1)B−L gauge boson (right) in the coupling-mass
plane. Current existing constraints are shown as the gray shaded regions alongside pro-
jections of other future experiments and measurements shown as colored dashed lines.
See text for explanations.

where dark photons can be abundantly produced in Bremsstrahlung processes. For example,
in e+e− machines the dark photon can be produced in radiative return (e+e− → γA′) [155] or
via heavy meson decays and searched for in prompt dilepeton or pion decays. These search
strategies have been employed in a number of e+e− collider experiments in the past like, e.g.,
BaBar [118, 158], Belle [159, 160] and KLOE [161–164]. At hadron colliders like the LHC
the dark photon can also be produced via Drell–Yan production (qq̄ → A′) or via the decay of
heavy resonances, like e.g. H → ZA′ [165], or heavy meson decays, like e.g. D∗ → DA′ [129].
Searches for prompt decays of such produced dark photons have been conducted at ATLAS
and CMS [165] and at LHCb [122, 129, 130, 166]. In the left panel of !gure 70 these existing
collider constraints are shown as gray regions in the (kinetic mixing, mass) plane for a secluded
dark photon. As can be seen these experiments cover the region of ε ! 10−3 over a very large
range of dark photon masses.

Nevertheless, the aforementioned collider experiments lose sensitivity for light
(MA′ " 1 GeV) and very weakly coupled dark photons. This region, however, can be
probed by searching for displaced decays of dark photons. Abundant sources of such light
and long-lived dark photons are provided by electron or proton beam dump and !xed target
experiments. In these experiments beams of charged particles are dumped onto a block of
material where a large number of dark photons can be produced from Bremsstrahlung or
secondary meson decays. These dark photons can then be searched for at a macroscopic
displacement from the target material. Such searches have been conducted in the past at
electron beam dump experiments like SLAC E137 and E141 [120, 121, 157, 167], Fermilab
E774 [168], Orsay [169], electron !xed target experiments like APEX [170], A1/MAMI
[171, 172], HPS [173], NA64 [174, 175], as well as at proton beam dumps like CHARM
[176], LSND [177] and U70/Nu-Cal [178, 179], and proton !xed-target experiments, such
as SINDRUM I [180] and NA48/2 [123]. The resulting constraints are also shown in the of
!gure 70 as gray regions.

At the future FPF, experiments like FASER2 will be able to search for such long-lived dark
photons in the very forward direction of LHC proton–proton interactions. As for beam dump
and !xed target experiments, dark photons can be produced via proton Bremsstrahlung in the

92

dark photon

Produced via  and π, η, η′ → γA′ p → p + A′ 
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Scalar Boson
J. Phys. G: Nucl. Part. Phys. 50 (2023) 030501 Major Report

Figure 81. Dark Higgs boson sensitivity in the coupling vs mass plane. The sensitiv-
ity reaches of FASER2 is shown as solid red lines alongside existing constraints (dark
gray-shaded regions) and projected sensitivities of other selected proposed searches and
experiments (blue dashed lines). The gray shaded region indicated regions of parame-
ter constrained by dark matter DD searches in the case that the dark Higgs couples to
dark matter with a coupling that reproduces the observed relic abundance. The black
lines shows target lines from scenarios in which the dark Higgs is an in!aton, a relax-
ion or could have observable effects on NS mergers. The bottom panel shows the LLP
branching fractions, as obtained in reference [270]. See text for details and references.

for a more complete overview to reference [267]. In addition, we have included several target
lines to illustrate the motivation by various theoretical models that give rise to a dark Higgs
like particle.

Dark matter. In the discussion above, the dark Higgs was introduced as a mediator between
the visible and dark sector. Let us consider that the dark scalar couples to the DM particle
χ. If mχ > mφ and for an appropriate choice of the scalar coupling to dark matter, secluded
annihilation χχ→ φφ can lead to the correct dark matter relic abundance via thermal freeze-
out throughout the entire shown parameter space. In "gure 81 we show the current DD limits
in this scenario assuming a "xed mass ratio mχ = 3mφ [243, 245, 268]. See reference [266]
for more details.

Relaxion. In addition, a dark Higgs like scalar also arises in relaxion models, which has been
introduced as a solution to the hierarchy problem. Target lines corresponding to two realizations
of the relaxion are shown as dotted lines. For a more detailed discussion of this scenario, see
sections 4.3.2 and 4.3.3 below.

In!ation. A dark Higgs can also play the role of a light in!aton [265]. Several speci"c
models have been introduced in this context, and corresponding target lines are shown as
dashed lines in "gure 81. The line labeled as in!ation 1 corresponds to model where the

111

Produced via K → π + ϕ, B → K + ϕ
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Heavy Neutral Lepton
J. Phys. G: Nucl. Part. Phys. 50 (2023) 030501 Major Report

Figure 90. Sensitivity reach for heavy sterile neutrino searches in terms of their mass mN
and mixing with the active neutrino U. We consider three scenarios in which the sterile
neutrino exclusively mixes with the electron neutrino (top), muon neutrino (center), and
tau neutrino (bottom). The sensitivity reaches of FASER and FASER2 are shown as black
lines, along with existing constraints (gray shaded regions) and the projected sensitivities
of other selected proposed searches and experiments (colored solid lines). The dashed
lines indicate the target region motivated by the type-I seesaw model.

experiment down to |θ|2 = O(10−11) (cyan line in !gure 90). Lower mass region above B
meson mass can be probed via HL-LHC by searching displaced vertices (DV). Solid green
line corresponds to ‘short DV’ strategy, where the search is performed in the inner trackers
of ATLAS and CMS detectors. The dashed green line corresponds to ‘long DV’ strategy,
which utilizes the CMS muon tracker [382]. B-factory constraint for U2

τ is given for both

130

Produced via meson decays



23

ALPs
J. Phys. G: Nucl. Part. Phys. 50 (2023) 030501 Major Report

Figure 106. Sensitivity for ALP searches at the FPF. We consider four speci!c scenarios
in which the ALP couples dominantly to the photon (upper left), SU(2)L (upper right),
all fermions (lower left) and gluons (lower right). The sensitivity reaches of FASER2 is
shown as solid red lines alongside existing constraints (gray shaded regions) and pro-
jected sensitivities of other selected proposed searches and experiments (blue dashed
lines). The bottom part of each panel shows the ALP branching fractions. In panel (d), the
ALP reach is enhanced by a recent calculation including a consistent treatment of proton
bremsstrahlung productions, for more details, see section 4.5.3. See text for details and
references. Reproduced from [37]. CC BY 4.0.

typically decays into pairs of the heaviest kinematically available SM fermions. Below the
charm threshold, the ALP mainly decays into leptons while hadronic decays were found to be
suppressed [328, 494].

The projected sensitivity for FASER2 was obtained in reference [9] and is presented in
the lower left panel of !gure 106. As before, the gray shaded region corresponds to already
excluded parameter space, where the main constraints arise from searches for K → πa at
E949 [335, 495], searches for B → Ka at LHCb [317, 496] and LLP searches at CHARM
[223], as discussed in references [494, 497]. We also show the projected sensitivity for other
proposed experiments to search for long-lived ALPs as blue dashed lines as presented in
reference [267].

151
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‣ Inelastic Dark Matter (iDM) is a compelling candidate for sub-GeV  
thermal DM.

Inelastic DM

•DM inelastically scatters off nucleon to a heavier state DM*.

•DM and mediator can be lighter beyond the Lee-Weinberg bound.

χDM χDM*

nucleon nucleon

mediator

avoid the direct detection and CMB constraints

15 27. Dark Matter

Figure 27.1: Upper limits on the SI DM-nucleon cross section as a function of DM mass.

ton or ALP absorption, solar neutrinos will also limit the sensitivity to DM masses in the range
≥(1-103) MeV and ≥(1-103) eV, respectively, for large exposures ≥1 t y, as shown in Ref. [145].

Solid-state cryogenic detectors: Current experiments using the bolometric technique (see
Section 36.5 of this Review), together with either charge or light readout, are SuperCDMS (Si,
Ge) at Soudan, EDELWEISS (Ge) at the Laboratoire Souterrain de Modane (LSM) and CRESST
(CaWO4) at the Laboratori Nazionali del Gran Sasso (LNGS). These experiments are optimised for
low-mass DM searches, and can probe masses down to ≥0.2 GeV. CDMSlite also operates detectors
at higher bias voltages to amplify the phonon signals produced by drifting charges and thus have
access to light DM around 1.5 GeV. The goal of their future phases is to probe the low-mass
region down to cross sections of 10≠43-10≠44 cm2. Much smaller, gram-scale versions of cryogenic
detectors can have single-charge resolution and thus probe low-mass DM via inelastic electron
recoils. A SuperCDMS single-charge sensitive Si detector placed upper limits on DM interacting
with electrons for masses between (0.5 ≠ 104) MeV, as well as on dark photon kinetic mixing for
dark photon masses in the range (1.5 ≠ 40) eV. With Ge crystals operated at Soudan, SuperCDMS
constrained dark photons and ALPs in the mass range 40 eV to 500 keV.

Germanium ionisation detectors operated at 77 K can reach sub-keV energy thresholds and low
backgrounds, but lack the ability to distinguish electronic from nuclear recoils. The CDEX-10
experiment, located at the China Jinping Underground Laboratory (CJPL), uses p-type, point-
contact Ge detectors operated in liquid nitrogen, and probes DM masses down to 3 GeV. It also
reported constraints on the kinetic mixing of dark photons in the mass range 0.1-4.0 keV. The neu-
trinoless double beta experiments Majorana Demonstrator and GERDA have obtained constraints
on the couplings of ALPs and dark photons to electrons, with masses between (6-100) keV and
(60-1000) keV, respectively.

Noble liquids: Liquid argon (LAr) and liquid xenon (LXe) are employed as DM targets, while
R&D on liquid helium and neon is ongoing. We refer to Ref. [146] for a review of the liquid noble
gas detector technology in low-energy physics, as well to Section 36.4 of this Review. At present

11th August, 2022

PDG 2021

Smith & Weiner, PRD64 (2001), PRD72 (2005)
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Dark Photon with Dark Higgs Model
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Fermion iDM
‣Mass term

mass splitting after SSB
<latexit sha1_base64="yF44wEhNnQn009wLIQjRuB0XHOE="></latexit>
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FASER experiment

‣ ForwArd Search ExpeRiment (FASER) at LHC, starting from 2022.

‣ Detector is placed 480m downstream from the ATLAS interaction point.

‣ Search for dark photon, dark Higgs, ALPs, Dark Matter, etc.

Feng, Galon, Kling, Trojanowski, PRD97 (2018)

FASER collaboration, arXiv:1708.09389

FASER実験の概要
8

• FASER (ForwArd Search ExpeRiment at the LHC)は、2022年から開
始される新しい軽い新粒子探索実験

• ベンチマーク探索モード: 暗黒フォトンの電子・陽電子対への崩壊(A’ 
→ e+e-)
➢他の探索: dark Higgs, Axion-like particle, sterile neutrino, etc..

• 検出器はATLASビーム衝突点の480m下流に設置する

• LHCにおける前方方向の陽子・陽子衝突事象の高い断面積を活用
する初めての新粒子探索

Takubo, PPP2020 at YITP Kyoto

A0
A0

Lmin (m) Lmax (m) R (m) L (ab�1)

FASER 478.5 480 0.1 0.15
FASER 2 475 480 1.0 3.0
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Signal at FASER

production @ ATLAS

FASER detectormeson (B,K)
pp

ϕ χ2,1

χ2

χ1

f
f̄

A′ 

Production

•  produced from meson decays :  

•  produced from  decay : 

ϕ B, K → ϕ + X
χ2 ϕ ϕ → χ2,1 + χ2

X

Signal
•  decays into charged particles :  χ2 χ2 → χ1 + A′ * → χ1 + f + f̄

•  produced from pseudo-scalar meson 3-body decays: χ2
π0, η, η′ → γ + A′ * → γ + χ1,2 + χ2
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Sensitivity Plots for Fermion iDM (1)
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Case 1: Decays of  and  are forbiddenA′ → χ1χ2 ϕ → A′ A′ 

 decayϕ

 decayϕ

meson 3 body meson 3 body

‣ production from  decay (red, blue, green, purple)ϕ

‣ production from meson 3-body decay (brown)

 GeV &  mχ1
≤ 1.0 ϵ ≥ 10−5

 GeV &  mχ1
≤ 0.4 ϵ ≥ 10−6

over abundant

with , 

        

        

g′ = 4π
θχ ≃ π/4
α = 10−4
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Sensitivity Plots for Fermion iDM (2)
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Case 2: Only decay of  is allowedA′ → χ1χ2

 decayϕ

 decayϕ

meson 3 body meson 3 body

‣Dark matter abundance requires large ϵ
already excluded

with , 

        

        

g′ = 4π
θχ ≃ π/4
α = 10−4


