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Introduction




® WIMP Miracle

WIMPs: candidates for the dark matter.
If a stable particle with weak-scale interactions exists in the early universe, it would naturally freeze out with a relic

abundance.
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This process is described quantitatively by the Boltzmann equation:
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® Indirect detection

Annihilation with such a cross-section should in principle be observable in
regions of high DM density (like Galactic Centre) , motivating experimental
searches.

This method of indirect detection has made substantial progress in the last
decades, with the most successful experiments using photons and anti-particles as
messengers.

[arxiv: 1805.10305]
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Next-gen Neutrino Telescopes under Planning

® Neutrino telescope
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TRIDENT Sensitivity
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 Large volume —— large effective area

Neutrino interactions in TRIDENT produce two main event
topologies: tracks and cascades

Tracks —— providing the best direction information
Cascades— better energy resolution and lower atmospheric
background <8

» Equatorial location —— full-sky coverage

» Water-based = better angular resolution



® Standard Sensitivity

We forecast the sensitivity of TRIDENT to DM annihilation into some specific SM final states, assuming a 100%
branching ratio for each channel.
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® Galactic Plane Background and the Halo Uncertainty
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Constraints on U(1)Li_Lj model
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® U(1)y,-1, model

The U(1)Li_Lj extension of the SM is one of the simplest theoretically consistent extensions available. There is the new
U(l)Li_Lj boson, Z’, which couples to the SM via the following current
Li—L; 7 5 = 5
Ja' 7 = LivaLli+ tivali — LivaLl; — £i7al;.
The dark sector is then
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® U(1)y;-r; model

The current constraints on the U(l)Lu_LT model is

[M.-W. Li, X.-G. H, A. C, XC ]
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® The thermal relic line

First, when calculating the thermally averaged cross-section during thermal freeze-out we use
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® The constraints from TRIDENT

Although the dynamics of the early universe and now is the same, the kinematics are largely different. We replace the
phase distribution to velocity distribution,
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branching ratio

® The constraints from TRIDENT

When the mediator Z' is lighter than DM, the box-shaped
spectra via the decay of Z' after the annihilation yy — Z'Z’ is
considerable. For such channels we determine the branching

ratio by ( multiply by 2 1fi # j).
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The solid red line 1s for the NFW profile and the red shaded
region brackets the uncertainty in the halo, we see when m, =

600 GeV, TRIDENT’s sensitivities will be able to confidently

exclude this scenario for thermally produced DM. PPN



® The constraints from Pandax-4T
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® The constraints from Pandax-4T

1

SI WIMP-nucleon cross-section [cm?]

1043 ———
10—44 -
1045 -

10—46

0—47 L

PandaX-4T 2021
XENONNT 2023
—— LZ2023

me= This work (—1o PC limit)

______

[arxiv: 2408.00664]

,  DM-proton cross section, gy =g, 7 =1 DM-proton cross section, myz = 15 TeV
\
PandaX-4T

10

\ === v-floor (CEVNS) 10"
\

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

m, [GeV]

I9x = 9u—r1

10”1

10-%9 |- Se_-" i
= = v floor (APPEC report)
10750 Ll Ll Lol Lol T
1071 10° 10! 10? 10°

|
10°
WIMP mass [GeV/c?]

XENONIT"., ¥
(Migdal) "

[arxiv: 2109.03116]

~104
10°1

—— Pandax 4T

-=v-floor (CEVNS)
—1

10

104 5

10 10°
my [GGV]

10°

10°
my, [GeV]

In the left panel, the left region of blue line where the cross section exceeds the
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The same type of signal can also be induced by coherent elastic neutrino-nucleus

10t scattering (CEVNS) from solar, atmospheric, and diffuse supernova neutrinos. <18-
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® Conclusion
The first DM annihilation sensitivity forecasts for TRIDENT
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Thank you for attention!
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® The other cases
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For the thermal relic and the TRIDENT constraint, the lines in the
left panel of figure would be unchanged for the L, — L, and L —

However, the PandaX and neutrino floor lines would move a little
to the right due to a slight increase in the kinetic mixing.

For the H.E.S.S. constraint, a slight weakening of the limit would
occur for the Le — L, model because the e"e~and u*pu~ final-
states are less constrained.
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