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Macroscopic Dark Matter

* A composite of many constituent particles and fields. Mass could be larger
than Planck scale.

e Models and Formation:

. Dark confining, EM, or Yukawa force to form dark nuclei and their bound
state. Could have formed via dark nucleosynthesis.

Il.  Solitons and Q-ball state formed from balance of forces and stabilized by
conserved symmetries. Formation via Phase Transition “Solitogenesis”
eg:- Monopoles, Fermi Balls, dark dwarfs

Ill.  Black holes including Primordial BH, magnetic black holes. Could form via
gravitational collapse.



MDM Direct Searches

Flux for 1 gram MDM (1) events km =2 yr—*

Paleo-detection: use old rocks (*Gyr old) such as Mica or Quartz to search for
dark matter tracks. Can search up to kg mass scale with cross section ~10~17 cm?

Multi-hit signature in detector

per interaction. Low threshold large volume

X
Elastic scattering : deposited energy of 10’s of keV \
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detectors such as Borexino, JUNO could search for A
MDM !oy sgmmlng over energy of the hits and other Single Hit (usual Particle DM)
track-like signature to pass the trigger.
NMDM
Inelastic Scattering: MDM inelastic scattering with
nuclei and releasing O(1 — 100) MeV is possible.
Detector

Multi-hit (MDM)



Examples of MDM inelastic scattering

» GUT Monopole: Induced nucleon decay via Callen-Rubakov effect

monopole + p — monopole + e™ + 70 + 7Y

» Electroweak-Symmetric Ball: Dark monopole or scalar Q-ball + Higgs-portal
interaction. Produced via Phase transition
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Develop search strategy for
Multi-hit signature + Inelastic scattering
at Large-volume large-threshold neutrino detectors: IceCube



lceCube detector
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Signal from MDM

* Signal described two parameters: o ™
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Slow Particle (SLOP) Trigger

DM travels at slow speed vx ~ 300 km/s, takes about
few ms to travel the detector

Other track producing events from muons travel at m
relativistic speed takes few us

Dominant source of background is random noise from
radioactive decay in the DOM, but they may not
produce track like signature

How to find a track, with constant speed: make
triangles (triplets) out of HLC hits
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Signal vs.
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* We impose cuts to have zero expected background events

Background efficiency (rurc) ‘ Signal efficiency (Ax = 1m) (Ex)
Cut 3.6 Hz 311y [ 4GeV [ 2GeV | 1GeV | 05 GeV | 0.25 Gev
npom > 1 1.000 1.000 0.497 | 0.410 | 0.328 | 0.238 0.163 1 SLOP
nure > 1 1.000 1.000 0.449 | 0.331 | 0.204 | 0.131 0.063 .
Aty € (2.5,500) ps 0.764 0.649 0.307 | 0.191 | 0.0905 | 0.0236 | 0.00354 trigger
Ad < 100m, v < 0.5 0.217 0.151 0.302 | 0.180 | 0.0898 | 0.0234 | 0.00354
Mtxiplet > 3 0.0200 0.0105 0.299 | 0.174 | 0.0865 | 0.0212 | 0.00161 |
Nxiples = 57 217 x 10710 | 370 x 10711 | 0.235 | 0.0822 | 0.0229 | 0.00298 | 0.000113 I Cut
R, > 4.2 1.43 x 10719 | 6.48 x 1071 | 0.275 | 0.126 | 0.0465 | 0.00663 | 0.000375




Flux limits

» Projected 90% CL limits with 10-yr runtime
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Direct Detection Constraints on EWS ball

Myx (g)
* Constraint from Mica, DEAP-3600 are 107 10 105 10% 10° 102 100 1 10 100
assuming elastic geometric cross section

* Sensitivity curves for DUNE, NOVA
- 5 hits reconstructed with 100% efficiency in
5 yrand 10 yr runtime

Ao = (1.17,2.14) x 107 cm?

R(GeV™)

* Bounds are Model dependent. Only relevant
for the full electroweak symmetric case. 10" 107 10" 10" 107 10?" 102 102 10%* 10%° 10%
MX (GGV)
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Summary

Macroscopic dark matter gives multi-hit signatures in direct detection experiments.

In some models, the MDM can undergo inelastic scattering with nucleons releasing large
energy

IceCube can search for this DM models with SLOP trigger, additionally with new parameters

Sensitivity for 10-yr search: 1 gram in mass and Cinelastic ~ 10726 — 10727 cm?



Appendix



Comparison of two triggers and lceCube
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Velocity dependent efficiency
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