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* Dark matter was first
proposed by Fritz Zwicky
in 1933 due to the fact
that there is a type of
energy in the vacunm
that influence the orbit
of the planets and the
expansion of the
universe. Athough he
proposed this almost a
century ago, dark matter
is still a mystery
nowadays.
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LUMINOSITIES AND RADII, FROM NGC 4605 (R = 4kpc) TO
UGC 2885 (R = 122 kpc)
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. Pt ( . .y) FIG. 6.—Superposition of all 21 Sc rotation curves. General form of rotation curves for small galaxies is similar to initial part of rotation

curve for large galaxies, except that small galaxies often have shallower nuclear velocity gradient and tend to cover the low velocity range within
the scatter at any R.
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Fig. 18. A compilation of recent CMB angular power spectrum measurements from which most cosmological inferences are drawn.
The upper panel shows the power spectra of the temperature and E-mode and B-mode polarization signals, the next panel the
cross-correlation spectrum between 7" and E, while the lower panel shows the lensing deflection power spectrum. Different colours
correspond to different experiments, each retaining its original binning. Note that for Planck, ACTPol, and SPTpol, the EE points
with large error bars are not plotted (to avoid clutter). The dashed line shows the best-fit ACDM model to the Planck temperature,
polarization, and lensing data. See text for details and references.
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Planck 2018

Parameter Planck alone Planck + BAO
QR .. 0.02237 +£0.00015 0.02242 + 0.00014
Q. ... 0.1200 £ 0.0012 0.11933 + 0.00091
1000yc ... ..... 1.04092 + 0.00031 1.04101 + 0.00029
T e 0.0544 +0.0073 0.0561 + 0.0071
In(10'°A,) . ..... 3.044 +0.014 3.047 +£0.014
Mg vve i 0.9649 +0.0042 0.9665 + 0.0038
Hy ........... 67.36 +£0.54 67.66 + 0.42
(0] 0.6847 +0.0073 0.6889 + 0.0056
Qn oo 0.3153 +£0.0073 0.3111 +0.0056
Q.. ... 0.1430 +0.0011 0.14240 + 0.00087
Q.. 0.09633 + 0.00030 0.09635 + 0.00030
10 S 0.8111 +0.0060 0.8102 + 0.0060
03(Q,/0.3)% ... 0.832 +£0.013 0.825 +£0.011
Tpe ove e 7.67 £0.73 7.82+0.71
Age[Gyr] ...... 13.797 +0.023 13.787 + 0.020
rdMpcl........ 144.43 +0.26 144.57 + 0.22
1000, ......... 1.04110 +0.00031 1.04119 + 0.00029
Farag[Mpc] . ... .. 147.09 +0.26 147.57 + 0.22
Zoqeveooennnnns 3402 +26 3387 + 21
keq Mpc™']...... 0.010384 +0.000081 0.010339 + 0.000063
Qp ... —-0.0096 + 0.0061 0.0007 + 0.0019
Xm,[eV]....... <0.241 <0.120
Neg oo 289036 2.99+034
70002 « + v oo v m v v < 0.101 < 0.106
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MACHO (Massive Compact Halo object)
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TABLE 1. Source parameters for GW150914. We report
median values with 90% credible intervals that include statistical
errors, and systematic errors from averaging the results of
different waveform models. Masses are given in the source
frame; to convert to the detector frame multiply by (1 + z)
[90]. The source redshift assumes standard cosmology [91].

Primary black hole mass 36:3M,
Secondary black hole mass 29+4M Io)
Final black hole mass 62+ M
Final black hole spin 0.67100%
Luminosity distance 410189 Mpc
Source redshift z 0.091093
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Stars closest to the
centre of the Milky Way

The stars’ orbits are the most convincing evidence yet that a supermassive black
hole is hiding in Sagittarius A*. This black hole is estimated to weigh about
4 million solar masses, squeezed into a region no bigger than our solar system.

Some of the measured orbits of
stars close to Sagittarius A* at
the centre of the Milky Way.
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The S2 star's radial velocity increases as it approaches
Sagittarius A* and decreases as it moves away along its
elliptical orbit. Radial velocity is the component of the star’s
velocity that is in our line of sight

Astronomers were able to map an entire orbit
of less than 16 years for one of the stars,

52 [or 5-02). The closest it came to Sagitta-
rius A* was about 17 light hours [more than
10,000 million kilometres)

S —

Astronomers started
4 mapping the path of

d  sainm v
| v
.
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[ 377 billonkm
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Closest to Sagittarius A* (in 2002
and 2018), S2 reaches its maximum
velocity of 7 000 km/s.

Figure 4. The stars’ orbits revealed that something invisible and heavy governed their paths at the heart of the Milky Way
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Pulsar timing array ZE&i

ith Africa

q n @ ‘ 000m:

~130,000 antennas ;200 dishes

ASKAP

4,000m?
36 dishes

2048 antennas

9,000m?
64 dishes

JVLA

rl G. Jansky Very Large Array, USA

13,200m*
27 dishes 300m x 35m antenna

76m dish

64m dish

Five Hundred Meter A

How does SKA1 compare with the
world’s biggest radio telescopes?

100m dish

100m dish

perture
China Puerto Rico

500m dish 305m dish 66 dishes

The Square Kilometre Array (SKA) will be the world's largest radio A telescope's capacity to receive faint signals - called sensitivity - depends on its
telescope, revolutionising our understanding of the Universe. The SKA will be collecting area, the bigger the better. But just like you can't compare radio
built in two phases - SKA1 and SKA2 - starting in 2018, with SKA1 telescopes and optical telescopes, comparison only works between telescopes

representing a fraction of the full SKA. SKA1 will include two instruments - working in similar frequencies, hence the different categories above.
SKA1 MID and SKA1 LOW - abserving the Universe at different frequencies.

www.skatelescope.org Square Kilometre Array [ @SKA telescope 3§ Yol The Square Kilometre Array

The collecting area is just one aspect of a telescope’s capability though. Arrays
like the SKA have an advantage over single dish telescopes: by being spread
over long distances, they simulate a virtual dish the size of that distance and so
can see smaller details in the sky, thisis called resolution.
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[Light-shining—through—-wall

Experiment status B (T) L (m) Input power (W) f[p BrR  Gay|GeVT]
ALPS-T [412 completed 5 4.3 4 300 1 5% 1078
CROWS [414] completed 3 0.15 50 10 104 9.9x1078(*)
OSQAR [413]  ongoing 0 143 18.5 ] ~ 35x10-8
ALPS-II [415]  in preparation 5 100 30 5000 40000  2x10711
ALPS-III [416] concept 13 426 200 12500  10° 10712
STAX1 [417] concept 15 0.5 10° 10* - 5x 1071
STAX2 [417] concept 15 0.5 108 10* 104 3x10712
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helioscope

Experiment references status B (T) L (m) A (cm?) focussing gqg
Brookhaven [464] past 2.2 1.8 130 no 36
SUMICO (43, 466] past 4 25 18 no 6
CAST  [460,462,468,471,472] ongoing 9 0.3 30 partially 0.66
TASTE [479] concept 3.5 12 2.8x10? yes 0.2
BabyIAXO [480] in design ~2.5 10 2.8x103 yes 0.15
[AXO [467,481] in design ~2.5 22 2.3x10* yes 0.04
_107°
3
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s
10-10
\\\\\\\\\\\\\\\\\\\\\:\‘\\\\\\\\\\\i‘\ \3:&‘;3,‘{&,&&\\\\ \\ \ i
o1 i \\\B\&&&\\\\\\\\\‘\&\\&A\\\‘ \\\\\\{1\{\\\\\\\\\\\\ & \_ Figure 11: Picture of the CAST experiment at CERN. Credit: M. Rosu/CAST collaboration, CERN
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Preinflation models
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Postinflation models
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Tkeda, Kanno, Soda 2025
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