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Motivation Method

* Consider a supernova at a distance D = 10 kpc of duration Ty, = 1.5 s.
* Expected ~ 44300 events at Hyper-Kamiokande®.
* Foran optical depth T = n,0,,D < 1, neutrino-DM scattering occurs only once.

The increased path length causes a time delay.

* Self-interacting dark matter (DM) can alleviate problems in ACDM cosmology.

* It is possible for DM to interact with neutrinos via a new mediator, enabling
neutrino self-interactions.

* Neutrino self-interactions are useful to alleviate the Hubble tension.

 We can use high-statistic neutrino events from a nearby supernova (SN) to m, =10 KeV, my (my) = 10 MeV

probe for delayed neutrino signals from neutrino-DM interactions. 10°- . .
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where the third Lagrangian assumes an energy scale A = 100 GeV. The couplings Figure 2: Time delay distribution of 15 MeV neutrinos for m,, = 10 keV and a 10 MeV mediator
and are dimensionless. The angular distributions in the lab frame (DM at o ,
‘rge"st) ar(;,gx * From the delay distribution P(t), we can get the expected number of events in a
N\ 2 given window after the initial burst.
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— _v ‘M‘ * If no delayed signal is detected, we derive upper limits on the coupling.
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where E is the scattered neutrino energy and|M|* depends on the model. Total Results
cross sections oy, are proportional to g3 g;. | | |
* Larger DM mass and heavier mediators lead to longer delays. Vector mediator has
significantly shorter delays compared to the scalar mediator.
- * For scalar mediators, there is a region that cannot be probed, denoted by 7 = 1.
- 0.75 In this region, the bound on the number of delayed events is comparable or larger
10-1 - 0.00 than the number of events from the neutrino burst.
b —0.75 * The delayed signal for my; < 100 eV would overlap with the initial burst.
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-4 T * Our method is only sensitive to the effective coupling g = \/gng.
I - 7.2 * We can compare against DM self-interaction constraints from Galaxy clusters3,
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Figure 1: Limits on neutrino-dark matter coupling g = /g, 9,- The time window AT

is the time taken to enclose 50% of the signal. The region T = 1 can not be probed
by our method.
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