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* Dark matter
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http://arxiv.org/abs/astro-ph/0504097
https://en.wikipedia.org/wiki/Hubble_Space_Telescope

» We consider neutrino couples to scalar DM ¢ through a
fermionic mediator F': P.Y.Tseng, Y.M.Yeh: 2412.08537

Lr_med = Y(O¢VLFR + ¢* Fruyp) ‘

* The neutrino-DM scattering via u-channel diagram:

¢ v
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C.Boehm, P.Fayet: Nucl.Phys.B 683 (2004) 219-263
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» We consider neutrino couples to scalar DM ¢ through a
fermionic mediator F': P.Y.Tseng, Y.M.Yeh: 2412.08537

Lr_med = Y(O¢VLFR + ¢* Fruyp) ‘

* The neutrino-DM scattering versus kinematic regions:
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» We consider neutrino couples to scalar DM ¢ through a
fermionic mediator F': P.Y.Tseng, Y.M.Yeh: 2412.08537

Lr_med = Y(O¢VLFR + ¢* Fruyp) ‘

* The neutrino-DM scattering versus kinematic regions:

Y
Ty For mp =my, > F,
ve 647rm€2b’ r ¢
Y 1n(1+2€;§”¢) —1 1
— F ~ FE~ for B, > my F
T = Ban [ E,m, ] S
gwbggog_’;, when m%>>Eym¢>>mg2b:
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* In cosmology, it effects the free streaming of cosmic
neutrino and thus modifies the small scale structure in

G.Mangono et.al: PRD 74 (2006) 043517.
matter power Spectrum. D.C.Hooper, M.Lucca, PRD 105 (2022) no 10, 103504.
A.Das, M.Sen: PRD 104 (2021) no.7 075029.
+ Boosted DM. Y.Jho, J.C.Park, S.C.Park, P.Y.Tseng: 2101.11262.
Y.H.Lin, M.R.Wu: PRL133(2024)11,111004.
K.Agashe et.al: JCAP 10 (2014) 062.

* Attenuate neutrino flux. c.poring, S.vogl: JCAP 07 (2024) 015.
J.M.Cline et.al: PRL 130 (2023) no.9, 091402.
J.M.Cline et.al: JCAP 06 (2023) 004.

* Imprint in neutrino oscillation.

M.Reynoso, O.A.Sampayo: Astropart.Phys.82(2016)10-20.
E.J.Chun: 2112.05057.
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¢ Diffuse supernova neutrino background (DSNB) stems from

core-collapse supernovae.

J.F.Beacom: Ann.Rev.Nucl.Part.Sci. 60 (2010) 439-462.

P.Y.Tseng, Y.M.Yeh: 2412.08537
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Diffuse supernova neutrino background (DSNB) stems from

core-collapse supernovae (CCSN).
J.F.Beacom: Ann.Rev.Nucl.Part.Sci. 60 (2010) 439-462.

It is modeled by the neutrino distribution from a supernova,
then covolute with the rate of CCSN:

p(E) - Bt 120 B2 1
Y6 Tt T exp(EL/T,) + 1

d®, /z‘“a" Rocsn(2)Fy(Ey, 2)
0

dE, H(z)
Neutrino flux without DM attenuation

The rate of CCSN relates to the SFR (star formation rate)

Joria® (M)dM

R =
cosN(2) = p«(2) fol(i?\j}/f@ Mo ()M
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dz




¢* DSNB is attenuated due to neutrino-DM scattering:

d®, /z‘“‘“ Rocsn(2)Fu(Ey, 2)T(E,, Z)dz
dE,  J, H(z)

Neutrino flux with DM attenuation
C.Doring, S.Vogl: JCAP 07 (2024) 015

* Where the transmittance /' is associated with the optical
depth 7" = ¢~ 7 and the scattering rate T';(E,,z) .

- * T(E,,2) /
)= | e @
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* Event excess from Super-Kamiokande in DSNB energy

I ange Super-Kamiokande Collaboration: arXiv:2109.11174,
’ A.D.Santos: arXiv: 2501.08876,

M Harada, Proceedings of Namtrino 2024(2024).
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Event rate at SuperK/HyperK/DUNE detectors, we
considered charged current between neutrino and liquid
argon

ve + 40Ar — e + WK* Vo +p — e +n
Assuming 359kton-yr/3.8Mton-yrs/400kton-yrs exposures,
the event number is given by

dd, dd,
N(Ee) ZENAI/dE dEVUVAr ENp/dEyd—EjO'yp

Including the background and data from SuperK, we obtain
20 sensitivity via using the Poisson likelihood:

Nobs
X . QZ ( exp N,fbs £ Nobs In )

NP

]
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¢  DM-neutrino interaction attenuates DSNB at
SuperK/HyperK/DUNE d

etectors: P.Y.Tseng, Y.M.Yeh: 2412.08537
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¢ DM-neutrino interaction attenuates DSNB at

SuperK/HyperK/DUNE detectors: P.Y.Tseng, Y.M.Yeh: 2412.08537
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UNE detectors:

DM-neutrino interaction attenuates DSNB at
SuperK/HyperK/D

P.Y.Tseng, Y.M.Yeh: 2412.08537
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* TeV neutrino from active galactic nuclei (AGN), NGC 1068
[1.5 TeV, 15 TeV] and TXS 0506+056 [40 TeV, 4000 TeV].

Murase et al v, + 7, o IceCube v, + v, {  Archival data
Inoue et al v, + o, + 4FGL-DR2 MAGIC
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IceCube Collaboration: Science 378 no. 6619 (2022) 538-543.
IceCube Collaboration: Science 361 no. 6398 (2018) 147-151.
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* AGN is powered by supermassive black hole.

* Neutrinos stems from high energy pions which are
generated in the corona region surround the supermassive

black hole: p+p— a0 vV, Y, et

1.Magnetic field reconnection
2.Plasma turbulence

K.Murase, F.W.Stecker: 2202.03381.
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* AGN is powered by supermassive black hole.

* Neutrinos stems from high energy pions which are

generated in the corona region surround the supermassive
black hole: p+p— a0 vV, Y, et

For TXS 0506+056:
prediction of lepto-hadronic model

free-fall inflow

= N
= 10 4
S
;\]e‘im' ]
1.Magnetic field reconnection R
2.Plasma turbulence E,(TeV)
K.Murase, F.W.Stecker: 2202.03381. C.Chen, A.R.Pullen: 2110.04460
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* AGN is powered by supermassive black hole at the center.

* Near center, for r < Ry,, DM spike may form where the
inner radius is about four times the Schwarzschild radius.

* However, the DM self annihilation saturates the maximal

density: _ Mo
y Hap = Amporolf(rn) — f(r4)]
r‘
0 7 < 4R, ! <Rsp>%"
psp (T)psat oo Psp pRg'y(T) e
; s T ) -2y _
PDM(?") = ¢ psp(’f‘) 4= W sp T — 94T2~? =3
_ e
PNFW (T)Psat > Rsp~ Pat = (CpeV)tBH
. PNFW (T) + Psat

J.M.Cline, M.Puel, JCAP 06 (2023) 004.
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* AGN is powered by supermassive black hole at the center.

* Near center, for r < Ry,, DM spike may form where the
inner radius is about four times the Schwarzschild radius.

* However, the DM self annihilation saturates the maximal

density:

pPDM(T) = 4

r‘

0
Psp () Psat
Psp(T) + Psat
PNFW (T) Psat
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* DM spike substantially enhances the attenuation.

* The optical depth for NGC1068 is obtained by performing
the integral:

14.4 Mpc 4E 14.4 Mpc
T = 0,,¢/ poM(T) dr = 227 (r)dr
AR L 32mmF J4r,

\ Interesting kinematic region

O 0 & h 2 E 2
ng_JOEO, when mip 2> Fymg 2> my,
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* DM spike substantially enhances the attenuation.

* The optical depth for NGC1068 is obtained by performing
the integral:

B /14.4 Mpc /ODM(T) o y4EV 14.4 Mpc
T — Opg r = 1
AR me 32mmy Jur,

pom (7r)dr

* For distance TXS 0506+056, we used the comoving

distance:
2 dzl
ip 0.336 B 1 3 d(z) = | F5
7(B,,0.336) = -2~ pom(do — d(=)L +2)7 . o 1)
32rm% Jo H(z)
do = 1.37Gpc
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* DM spike substantially enhances the attenuation.

* Constraint on neutrino-DM interaction from IceCube event

suppression:
Neew _ S Acst(By)®(Ey)e "B,
Emax
N Jams® Aet(Ey)®(Ey)dE,

Q = 0.5 (Q = 0.05) for NGC 1068 (TXS 0506+056)

* For NGC, IC observed 7913 excess events. For TXS, data is
consistent with 2 predicted event, and thus 90% CL is

equivalent to requiring event number > 0.1.

IceCube collaboration: 2211.09972.
A.M.Cline, et.al: 2209.02713
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* DM spike substantially enhances the attenuation.

* Constraint on neutrino-DM interaction from IceCube event

suppression: , . |
-25 / -
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my(GeV) P.Y.Tseng, Y.M.Yeh: 2412.08537
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* DM spike substantially enhances the attenuation.

* Constraint on neutrino-DM interaction from IceCube event

suppression:
25
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DSNB-Superk mp = 10 TeV
Ey,
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10707 ST S vV Ey
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* DM spike substantially enhances the attenuation.

* Constraint on neutrino-DM interaction from IceCube event

suppression:
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* The constraints become weaker for lighter mediator, since
the cross section is no longer proportional to the neutrino

energy.
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* We consider a sub-GeV scalar DM couples to neutrino
through a heavy fermionic mediator.

* In certain kinematic region, neutrino-DM cross section is
proportional to neutrino energy.

* DSNB and AGN, later provides distant neutrino source
above TeV energy scale. Neutrino-DM interaction manifests

via attenuating these neutrino fluxes from model predictions
or DUNE/IceCube data.
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The 6th International Joint Workshop on the Standard Model and Beyond

Dec 9-12, 2025

National Center for Theoretical Sciences, NTU, Taipei, Taiwan
Asia/Taipei timezone

overvi : A

veniew The 6th International Joint Workshop on the Standard Model and Beyond 2025 takes place on 9-12 Dec
Registration 2025 at the National Center for Theoretical Sciences, National Taiwan University, Taipei, Taiwan.
Participant List The Joint Workshop aims to bring theorists to discuss current ideas on recent developments in particle

physics, cosmology and astroparticle physics in the context of testing the Standard Model and searches
for new physics beyond the SM, offer a platform for collaboration between researchers from different
institutes, and provide opportunities for young researchers to establish themselves in the community.

Venue and Transportation
Visa Information
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The meeting features invited plenary talks covering topics of recent interest, as well as a number of
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+ Kingman Cheung (NTHU)

« Eung Jin Chun (KIAS) *
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« Ryuichiro Kitano (YITP)
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+ Hong Khiem Phan (Ho Chi Min City U)
« Michael A. Smith (UNSW)
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Thank you for your attention!
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+ Astrophysical Sky surveys are ideal for observing
microlensing. Ex. Subaru-HSC (observing M31 for 7 hrs).

FB halos surround MW
and M31. FBs and stars
have relative velocity of
250 km/s.

Milky Way Destined for Head-On Collision | NASA

M31 image from Subaru-HSC

The background shows the HSC image of M31 as seen b
— ~ ~d4 1 k) r:l r)\ et ~
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* Supporting evidence from Bullet cluster: picture of the two
galaxies collided and pass through each other.

NASA: bullet cluster




* Supporting evidence from Bullet cluster: picture of the two
galaxies collided and pass through each other.

555 x 373 58"“425 363

RG ResearchGate

Left panel: the Bullet cluster (1E 0657-56) consists of two colliding... | Do...



* Supporting evidence from Bullet cluster: picture of the two
galaxies collided and pass through each other.

555 x 373 58"“425 363

RG ResearchGate

Left panel: the Bullet cluster (1E 0657-56) consists of two colliding... | Do...



* Expand the temperature by spherical harmonic functions:

Multipole moment, ¢
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DM Search




* DM direct detection.

* We can detect more DM signal in summer than in winter.

halo
—

(dark matter)

e spiral disk

(visible stars)

*

Astrobites
One Dark Matter Profile Please, Hold the Subhaloes | astrobites

el
" Earth
-
WIMP
- /g
wind December
i
=

Hllustration of the expected “WIMP wind” due to the motion

of the Sun relative to the DM halo of the Milky Way. Figure

from arXiv:1209.3339




* DM direct detection.

* Experimentalists put a detector underground shielding the
background, mostly come from cosmic ray.

XENON1T
XENON10D 9 -
N

Figure 1: XENON100 and XENONTT Locations
at LNGS




* XENONI1T detector:

time

drift time
(depth)

ults of the XENON



* Supersymmetry theory predicts the WIMP (weakly
interactive massive particle) around O(100) GeV to 1 TeV.

* It is constrained from direct detection searches.
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P. Cushman et. al.:1310.8327v2

Towards Dark Matter Discovery 2018




* DAMA/LIBRA (Nal) annul modulation signal.

But it can be explained
without DM.
(arXiv:1407.1052)
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Sabine Hossenfelder: Backreaction: DAMA annual modulation explained w...

DAMA/LIBRA: arXiv:0804.2741
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