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Evidence for Dark Matter

> Astrophysical evidence

NASA/CXC/CfA/M.Markevitch et al.;

[schumannDirectDetectionWIMP2019]

Rotation curve of the Milky Way
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The “WIMP Miracle”

Qwimp = Qpm
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Phys. Rev. D 86, 023506 X=m/T Phys. Rev. D 86, 023016 My [GeV]

> Weak-scale interaction cross section naturally yields the observed DM relic abundance

(ov) ~ 107*°cm’s~!
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Search for WIMPs

Production
missing transverse
momentum

N e

New physics

https://pandax.sjtu.edu.cn/

Direct search

Nuclear recoils caused by
Galactic WIMPs

Indirect search

astronomical annihilation
products

A : Yingwei Wang



Indirect Search for Dark Matter

‘Spheroidal
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Indirect Search for Dark Matter

Gravity Trap

mesSengers
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Current Status of Indirect Searches

IceCube
(Bhattacharya et al.)

QlceCube-HE

—-28
103 10 1 10

Phys. Rev. D 98, 023016 ™x [GeV]

\ |
QJUNO \ Q SK-7,

104 10° 10° 107
> Velocity independent annihilations are ) Rev. Mod. Phys. 93, 035007

strongly constrained for lower dark matter
ERNER

> Neutrino can be a probe for DM searches

> region above ~200 GeV less constrained
7/ Yingwei Wang



The TRIDENT Neutrino Telescope
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> at depth of 3500 m oo

> Detection volume~8km?, ~1000 strings <2l;1;4;‘; . Oi‘:sl\:ifter
<0.

> 20 hybrid DOMs per string ~30% QE
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The TRIDENT Neutrino Telescope
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> 20 hybrid DOMs per string
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Event Interaction Types

Charged-Current Neutral-Current
S———

T decay

> Better energy resolution

r O
= v ——

> Precise direction
information

W

X
N @<
-~ /'. e \‘\\\\ ~

» Lower backgrounds

Cascades

m-scale v .
deposition i

km-scale

energy
deposition

TRIDENT simulation
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Neutrinos from DM Annihilation
in Galactic Centre
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Neutrinos from DM Annihilation
in Galactic Centre

oscillation
probability

M, =10°GeV

annihilation
cross section Spectra per annihilation
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> assuming 100% branching ratio for each channels

K = 2 fOr _ JCAP 10 (2020) 04 JHEP 06 (2021) 121
Majorana DM > bb, Tt spectra from yarov, v-direct spectra frgat HDMspectra

» Include EW correction for E, > 500GeV

> Averaged oscillation over large scale
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Neutrinos from DM Annihilation
in Galactic Centre

oscillation
probability

annihilation
cross section  flux per annihilation

J-factor

J = Jd@[ P (x)dx
l.o.s.

integral of the DM density

along the line of sight
m Benchmark

Einasto
Kk = 2 for —— Burkert

Majorana DM

13



Main Background

. Astrophysical
} At m O S p h e rl C //t 5 Conventional Atm.
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IceCube Astrophys. J., 928(1):50, 2022
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Main Background

> Atmospheric u

> Atmospheric v, + 1,
> | Diffusedstrgphysical v, + v, + v,

>* Galactic plane v
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Search for DM with TRIDENT

effective
> Expected events area
d’®,
M T dQu dE : dErec dﬂregE(EreclEu gﬂ(ﬂreclEu)
dEI/dQV AErec AQrec
exposure v flux per
. energy angular

time angular & ° :
, smearing smearing

10 YIS energy bin

> Poisson Likelihood

Sii +bi;)™" 7 .y
L((ng)):H( J J) o~ (8ij+bij)

nw'
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Search for DM with TRIDENT

xX = 7777; my,=100 TeV (cascade)
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https://arxiv.org/abs/2601.06817
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Energy resolution assumed based
on TRIDENT GNN reconstruction

Phys. Rev. D 112, 072012
. I/ CC: O'(IOglo( /EI/)) = (.27

/E,)) = 0.04

reco

» 1,CC:o(logo(E

reco

scaled reconstructed energy for NC
events

Search for DM with TRIDENT

Cascade Track

xx = vv; ¢ < 20° m,=100 TeV XX — vv; ¥ < 5% my,=100 TeV

DM signal v, .-CC Atm. (cascade) DM signal (track)
DM signal v, . ,-NC - Total ~ =~ Astro. (track)
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https://arxiv.org/abs/2601.06817

10-year Projected Sensitivity

10-year projected limits (track)

10-year projected limits (cascade)
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Thermal relic

BKG: Atm. + Astro.

v-direct channels provide
strongest sensitivity

Non-neutrino channels are
weaker due to softer spectra

Cascade channel performs
better due to precise energy
resolution and lower
background level

Yingwei Wang


https://arxiv.org/abs/2601.06817
https://arxiv.org/abs/2601.06817

Impact of Galactic Plane Background

[ceCube identified v emission from Galactic plane at 4.50

Science380,1338-1343(2023)

Predicted n* Northern Sky Northern Sky
Southern Sky Southern Sky

Overlap with DM signal
from Galactic Centre
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Impact of Galactic Plane Background

XX — vv; ¥ < 5% m,=100 TeV xx — vv; ¢ < 20% m,=100 TeV

DM signal (track) ‘ DM signal ve --CC
Atm.+Astro. (track) DM signal v, --NC
Atm.+Astro. (cascade)

Tracks
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> Galactic plane map: EICEERE

> Stoch. GP: discrete PeV cosmic-ray sources simulation

* KRA>: IceCube best-fit

> sensitivities are more degraded above ~10TeV
> Maximal weakening of a factor of 2
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https://arxiv.org/abs/2601.06817
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Tracks (vp)
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We forecast the sensitivity of the TRIDENT
to the DM annihilation in the Galactic Centre

The cascade events can boost the sensitivity,
with precise energy resolution and lower
atmospheric backgrounds

The Galactic plane background degrades the
sensitivity by up to a factor of 2

Yingwei Wang
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Halo Profile Uncertainty

The bracket profile: XX = v (track) XX — v (cascade)

NFW NFW
Bracket halo Bracket halo

> Adiabatically contracted— spherical

> Baryonic feedback — oblate

AC + MW p,
NN SBF + MW p, {109
==+ Quet al. 2023
= Zhou et al. 2023

Thermal relic - Thermal relic
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4y Spectrum + EW correction

> The HDMSpectra doesn't include 4v channel spectra ;
Nsox dN""

> We modelled it as a series of many neutrino lines and dE  dE

performing a weighted sum of corrected 2v spectra

Continuous EW shower

XX —4v; M,=100 TeV XX - 4v; M,=10 TeV

continuous EW spectra
Delta coefficient / E,

— 4y EW Spectrum

continuous EW spectra

EW Shower is Delta coefficient / E,

-~ 4p EW Spectrum

iIncluded only when : 0 box smectrum
E, > 500 GeV

4v box Spectrum

— —-
| |
> >
v v
O O

w
- °
A ~
z =
S

Integration of
energy is ~ ZMX
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Constraintson U(1), I Model

> The constraints on TRIDENT

" | ) q}\l = (/B\I = 1.0
s-channe ( SM DM)z
m- > m 92 9z
3 i (4m2 — m?,)?
X Z'

t-channel

» The constraints from Pandax-4T

2,2
mxmp (g]:Z)’NI)2 2 1 10°
Oyp — 5 A X 4 mz |GeV]
m(m, + myp) m’, m7,
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—-= Oh*=0.11
TRIDENT
Pandax 4T
H.E.S.S.
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Constraintson U(1); _ L Model

When the mediator Z' is lighter than DM, the box-shaped

spectra via the decay of Z' after the annihilation xy — Z'Z’ is
considerable. For such channels we determine the branching

ratio by ( multiply by 2 1fi # j).
I'(Z" — 73)) 9 (F(Z’ —>7§)>

g}'}l < .’/IZ)"\]' mz < 2m,
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