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Intro: Observing the violent Universe

» Each m? of the atmosphere hit by one £ > 100 GeV particle per second:

Equivalent c.m. energy\'s,, (GeV) Hillas (1984):
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: Where do these violent particles
:013 10 10" 10" 10" 10" 10" 10? come from?

T E [eV]

1 particle per m? and year 1 particle per km? and year

T How are they accelerated?

Do particle physics (x-sections, new
physics,...) with these particles?
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Intro: Observing the violent Universe

Charged cosmic particles: since 1912

-850 yro- °
Extraterrestrial
y-ray sources:
5001 - since ~1970
obscrvable
photon energies
- 5000 yr Y T T T T T T
10% eV 107 ev 1ev 107 eV 10" eV 10"eV 10"V
radio Microwave IR VIS UV X-ray y-ray HE y-ray VHE y-ray

S Cienc*e Astrophysical

neutrinos:
| since 1987/2013
¢
AARAS SITI987A, 1 & ! E Gravitational waves: since 2015
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Fermi LAT satellite:
Since 2008: 3000+ Galactic and extragalactic sources emitting £ > 100 MeV photons



Intro: Observing the violent Universe

YES!

Do particle physics (x-sections, new
physics,...) with these particles?
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1. Dark Matter: w

picture by R. Sanders (2010)



What's the (dark) matter?

I |” | | ”I | | | | | | | | | | 2020:
dark matter” or .
103 —_ "missing mass” or 30 articles
g "hidden mass on dark matter
© in the title or abstract @ ADS
L - per day?
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1933: Fritz Zwicky ~1975: Vera Rubin et al. ~1985: Particle physicists
“discovers” dark matter study Galaxy rotation curves become excited
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What's the (dark) matter?

Baryonic matter

Dark Matter

Dark Energy

Planck (2015)

1. Dark Matter Moritz Hiitten | GK1504 Colloquium 9.3.2018



What's the (dark) matter?

Begemann (1991) A
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What's the (dark) matter?

» Most of the dark matter is already excluded to be:

- black holes, brown dwarfs, Jupiter-sized bodies (e, astro-ph/0607207)
- interstellar or intergalactic gas or dust (e.g, wilson & Mauersberger, 1994)
- the cosmic neutrino background (eg., white et al, 1983)

: . " jgme
» Dark matter is maybe: et parad g

a proxy for in wcold pa\‘f‘

+ indicating new p_... eyond the Standard Model:

e electromagnetically neutral
» stable

e massive (GeV - TeV)
o freeze-out annihilation cross section of O(weak interaction)
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What's the (dark) matter?

» Ellis, Hagelin et al. (1984+):

supersymmetric Dark Matter

DM = lightest + stable particle in MSSM
(Minimal supersymmetric SM)

néwteinos or neutralinos:

A < i 3
X(l) = Nll B + ]\712 W; + N13 Hl -+ +N14 Hg

* Neutralino: spin 1/2 = Fermion

* Majorana fermion favored: x =¥

» Weak annihilation into heavy SM fermions
favored:

XX = tt, bb, 777, ce, ptu”

1. Dark Matter Moritz Hiitten | GK1504 Colloquium 9.3.2018



What's the (dark) matter?

WIMPs can explain their gravitational evidence,
nicely fitting into Cosmological Standard Model:

1. Lots of beyond-SM particles in thermal
early Universe particle soup

2. Universe cools down: WIMPS annihilated
away into lighter SM particles

X S
\/ f

P

7 X

<6V>weatk

N Freeze
Ve 77 out

m n(x)/nq(x=1) [GeV]

3. WIMP annthilation frozen out when
Universe’s density became too low
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MSSM neutralinos not the only DM candidates...

R-part NMSSM

ty
violating

N/

p

QCD Axions

) ) Axion-like Particles
Tim Tait, ICRC 2015
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Searching for particle DM

Relic annihilation (and decay?):

Indirect detection

Nuclear and

electron recoils: X W+, Z, v, g, H, q+, l+

Direct detection

XenoniT,
Lux-Zeplin,
SuperCDMS,...

Y ‘ X W_727 Y 9, H7 q—al_
| / i ‘ér
_
gt
w , Produce DM particles in the lab:

I Collider searches
> R - R
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2. Indirect Dark Matter searches




Dark matter indirect detection

DM annihilations still occasionally happening: “Relic annihilation”

On Earth: 1 annihilation per km® and 1000 years

Look for astrophysical sighatures: Astroparticles!

NASA/G. Dinderman

Low-energy photons ’Pésitros

GeV — TeV
YESSES
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Decay process )

2. Indirect Dark Matter searches 16

Charged particles:

- diffusion
(lost info about origin)

+ rare antiparticles
(= PAMELA, AMS)
Neutrinos:

+ straight to observer
+ no absorption
- difficult to detect

y-rays:
+ straight to observer
+ no absorption in MW

- astrophysical background
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A faint y-ray glow from all DM in the cosmos?

=g Wikimedia

-

» Heinrich Wilhelm Olbers (* 1758, T 1840):

If you look towards a star in any direction, the night-sRy sRy should be quite bright.
Well, not really... Universe has finite age and decreasing energy density.

» What about the y-ray glow from DM relic annihilation
in a finite, expanding Universe?

H.W. Olbers *

» Gunn, Steigman et al. (1978) - Hiitten et al. (2018):

: thermal relic cross section, <ov> = 3x102° cm?/s

"
i

Expect rather low "y — 500GV
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Hunting for dark matter clumps

All ist not lost, however...

Dark matter likes to concentrate in localized clumps
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Diemand, Kuhlen, Madau (2006)
DM density,
color code brlghtler = denser

z=11.9
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The Galactic Dark matter sky from Earth

A galaxy cluster Dark subhalos

[+
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synthetic map
calculated with clumpy
Bonnivard, Hutten, et al., 1506.07628

A Milky Way
satellite galaxy

log (Y-ray intensity from DM annihilation), Galactic coordinates
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3. Hunting Dark Matter subhalos with CTA




The Cherenkov Telescope Array (CTA)

The next generation Earth-bound y-ray telescope: ~ 2024

Two arrays of 99 / 19 Cherenkov telescopes in Chile / La Palma
y-ray energy range: 20 GeV — 300 TeV
Angular resolution: < 0.1°

» Field of view diameter: ~ 7°: Large enough for large-sky surveys
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The Cherenkov Telescope Array (CTA)

La Palma, December 2017:
The 15t LST's dish mounted!
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Earth-bound y-ray astronomy: Cherenkov technique

very high-energy y-ray (F > some 10 GeV)

. 0,
particle shower 0%6
@’62
4
A\
)
¢ / 0
. /I ‘l 10 {{?2\7
Cherenkov light Stereoscopic reconstruction
Shower image in the camera
CTA, G, Pérez, IAC, SMM H.E.S.S.
Hinton
m (2009)
o Multiple
=
: telescopes
direction of primary y-ray
Energy of primary y-ray » Effective detector area > 0.1 km?
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A model for the CTA extragalactic survey

The CTA extragalactic survey Rey science project: Acharya et al. (1709.07997)

30°
I b Oh S e T > 300 h to raster ~ 25% of the sky outside the Galactic plane
~15° §

R e Goal: Complete within < first 10 years of operation

L= 0.2 2 eventsy> 30 GeV .
...................... made using
A e et T “ee . Gammalib
. Knodlseder etal.
(A&A, 2016)

.........................................................................
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Example: 3000 observations a 10 min
» Spacing Ay = 2° [ |

1 background events/(1.74 arcsec)? 25
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CTA sensitivity to Galactic dark matter subhalos: Summary

M. de With, ICRC 2015, IceCube/neutrinos:

500h CTA survey, 95%C.L. Annihilation to muons, NFW profile 1898
T T T T T T T T 10-18

. --#-- Virgo, sensitivity _
—— Virgo, limit b
. --w-- M31, sensitivity S
: —a— M31, limit '
--e- 5 dwarfs, sensitivity
—e— 5 dwarfs, limit

Powerspectrum Likelihood,
—— median subhalo APS
107} foky = 25%, Agoy = 1°, tobs = 500 h

ctools Likelihood,

- — median brightest halo
on-axis, tops = 2h, post-trial
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Summary: Ranking of the various targets (fter H. zechtin)

N 72
Galactic center Signal strength ox —l— L
B d? V
d = 8 kpc | 5

1402.6703 : -
Galactic center vicinity

Gerrit Spengler
@GK1504

Galaxy clusters 28

Meike de With S
@GK1504 INSSIEGIEERE

L Robust constraints
Dark Galactic |

subhalos
Moritz Hutten Milky Way
@GK1504 satellite galaxies .

Seulptor

Meike de With @GK1504 [kj9:te
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What's next with dark matter?

Rich Tennant, theSthwave.com/cartoon /3848
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“Along with “Antimatter,” and ‘“Dark Matter;,’
we’ve recently discovered the existence of
“Doesn’t Matteyr) which appears to have no

effect on the universe whatsocever.”
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