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Dark Matter Candidates

 Weakly Interacting Massive Particles ~

(WIMPs)
* Axions
* Primordial Black Holes
* Exotic Candidates

WIMPzillas, gravitinos, gluinos
Q-balls, Q-nuggets, SIMPS

Fermi Balls, EW Balls and GUT Balls
New Class of Dark Matter Objects

Mirror Dark Matter

R

K. Arun et al. arXiv 1704.06155

Popular
candidates

Many other
candidates



DM EE L/ NESWBERZHZDH ?

Interaction Rates of DM I'~n, 0, v ~(0,/m,) p, v

Gravitational Observations fix p,

Galactic Dynamics fix v

What'’s left is (o,,/m,,)

DM can be small m, and very small o, : ordinary case
or large m, and not so small o, : Macro DM

Dark matter doesn’t have to interact weakly
if it’s very massive. - Macro Dark Matter

Ref: Macroscopic Dark Matter, G. Starkman, 2019

https://kicp-workshops.uchicago.edu/2019-COSMIC/program.php



Strange Quark Matter & Nuclearite

BEDRF#% Strange Quark Matter (SQM)
Quark 3S[AD A HHE ML BEU S,tra rlge‘l'et -
1 BB o FODES K u, d, s quark DM FIXEEMN 54D

quark DESK
E. Witten 1984

Nuclearite [XSQMD BYMNEF TCEHONI-BEHIIZH
ME7EIRTH D,

A. De Rujula & S. L. Glashow, 1984 5




Nuclearite

4=5%10% fm R=103 fm R=10% fm R=10° fm

H atom Nuclearites

Nuclearite @K%é(i%?*ﬁﬁfi@%@#%¢’|¢?EEJ§®%0)$'@F§&% .
Y. sQMD YA AN KELGZBDEEFHSQMNERIZA-TL S,

YOO EYMEO— &,
HEFE2IC DD TIXERMICERR ARG ENEESN TS, <
LD EFE [FquarkZ2DRIEEMEMN S RIS TS,

Nuclearite (IFHEICHEFER L DEETTEHEEMELH D,

NFETIZ, IMERSFFIZEDEMEEAS, BAFRIZSQOMAONuclearite MIFFEL T
WEMEIMDEBRNITHNTE -, MEFHZXDIFERL L, 6

" Ry=10 km
(Neutron star)




KZRNAREDORER (BRIAIF)

INETICHEDREZRIC
T, ERKIF(ISP)AERA SN T
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ULYSSES. GALILEO ? _ video and photographic methods

' radar observations
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Nuclearite & B D FRKILDIE LY

Nuclearite

AP Z2ERTHEAT I L. KRB ODFPEF EHEME
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DIMS Observation Concept

~{  Meteor observation
zone

Nuclearite
search zone

TLE’s
(transient luminous events)

Gigantic

~100km Jet

Blue Jet

U

Observation Instrument Earth surface o



Test of Observation System

HDMI Cable

Canon ME20F-SH
Monochrome type

ISO sensitivity 204,800 was
used for the observation.

Video
Capture
Module

USB Cable

PC
Windows 10

Observationmét TA-BRM

Aug. 31,2019

UFO
Capture

UFO Capture:
motion capture
software

10
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e Jan. 1st-4th 2017
 Okamoto and Miki, Hyogo, Japan

[
g
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e Aug. 20t -Sept. 1t, 2017
e Telescope Array site Utah, USA

 Dec. 25t -28t, 2017
s © Ishigaki, Okinawa, Japan

A 26

e Sept. 7t -11th, 2018

* Telescope Array site, Utah

Aug. 28t —Sept. 1%, 2019
Telescope Array site, Utah

11




_NETOERY<)

(2017-2019)

Obs. period Feature ISO : Number of Meteor Type
sensitivity | meteors
shower from
~34 .
Jan Stereo obs. 102.400 Quadrantids
2017 at Okamoto and Miki ’ ~46 sporadic
13 coincident
Aug — Sept Single camera 51,200~ :
2017 at TA site 409,600 329 sporadic
Dec 3 types of cameras :
2017 at Ishigaki, Okinawa 204,800 318 sporadic
Sept Stereo obs. by 3 cameras N .
5018 At TA site 204,800 2000 sporadic
Sept Stereo obs.
P by 2 cameras 204,800 3840 sporadic
2019 :
at TA site

CNET, HATPLUADEE, SREEY . BAGAEEEZEZ LD
BB AT LEBASRZERELTE -,
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2019 8H28H~9H1H (4&)
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Image Examples of Many Meteors and Satellites

2019/09/01 04:39:30.8 £, VO0003+090 Canon_ME20F-SH EF35mm_F1.4L_II_USM Utah_UT3 N1 UFOCaptureHD2

We actually record movie file in avi format to obtain the velocity. 14




Composite photo taken at BRM, Utah

. detectsize=2, IR=o0n

4™ night: 8/31 22:30-9/1 5:00 MDT, 2019 (6h 30min)

LR N R

| CLF 1. 18.47 km

} B YA ] 5 - -
CODRIRADER. canion_ MeZD EF; F 1 HTah=lT2 N2 " UFOCapt

Over 500 meteors were taken in this picture.



Simultaneous Events
4th nlght 8/31 22 29 _ 9/1 5: OO I\/IDT 2019 (6h 31m

n

Number of the simultaneous events were obtained to be 375 in this night.



Number of Meteor Events

1000
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Observed Number of Meteors
Aug. 29th — Sep. 1 UTC, 2019 (4 nights)

600
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Observation Time (min)
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N
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&
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08/29 08/30 08/31 09/01
Date (UTC)

N1: 1733 events
N2: 2107 events
N1+N2: 3840 events

H N1

m N2
AN
S
S

08/29 08/30 08/31 09/01
Date (UTC)

N1: 1129 min = 18.8 h
N2: 1288 min =21.5h
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Stereo Reconstructed I\/Ieteor Tracks

Bad precision —
events

Google Earth

Image Landsat / Copernicus
Data LDEOC-Columbia, NSF, MOAS

By K. Shinozaki (NCBJ, Poland)




Camera Station

Arduino &
Raspberry Pi 12TB x 2

Camera is mounted on a altazimuth

mount and is controlled remotely.
20



Configuration of Camera Stations

Little Drum
Mountains

Whirlwind
Valley

Joeee

Sevier S
Desert o

EMD
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122239 190 BR

o Scintillation detectors

B Fluorescence detectors

% Central laser facility
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Constraints on Macro Dark Matter

| | | | |
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Macroscopic dark matter constraints from bolide
camera networks

Jagjit Singh Sidhu and Glenn Starkman

PHYSICAL REVIEW D 100, 123008 (2019)
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(Dark Matter and Interstellar Meteoroid Study)
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