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CAUSE TUAT RUBRER SMEET THAT SPACE GETS BENT AND

TO BEND, LIKE A BOWLING DISTORTED BY GRAVITY.
BALL ON A TRAMPOLINE.
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LARGE-SCALE STRUCTURE: GALAXIES ACCORDING TO REDSHIFT

The deeper astronomers look into the universe, the more they see that the
expansion of the universe has stretched light, shifting it toward the red end
of the spectrum. By measuring the amount of redshift, astronomers can
determine how far away a given galaxy Is.
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This map of 220,000 galaxies produced by the A
>

2dF Galaxy Redshift Survey Team shows the
filamentary structure of the universe, seen
when it is considered on a large scale

SOURCES: HUBBLE SPACE TELESCOPE; EUROPEAN SPACE AGENCY, ROYAL OBSERVATORY EDINBURGH
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FHERDEM (2) Cosmological Microwave Background Radiation (CMB)
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$§H§3§E@§EM ( 2 ) Cosmological Microwave Background Radiation (CMB)
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Cosmological Microwave Background Radiation (CMB)

1964F, FEHESVTIZ7OEEENS (CMB) DO
HETHDIRITFTRAED 1)L VICTETIFK

o Sept28 M1663
Gamotw Dacha
I .‘,‘ £ e Il’llﬁtlm
YN8 Learv Dv. Tenzias Boudcr, Colorato
s\ J

.'_;‘, Sevtp\ 'V\MK v O {;o‘-x _ac_,u\z_‘-' r\i_.
’/"‘-ﬂ’ youyr pajyenw om B °K vad iaTron
J (% Uc,,v/ N t'Cg,L)/ WY THe i €xcept
ot *eavbu histoly " & mot "au!l

@ €a vy 1sTovy v Mot ({Wﬁ
Complete . Tha Tovy of, what &
IO w ‘KWQ\J\, S Cu_/"bJ‘(.‘w;,( uc,{ -[-'VC'};}{(

p J
s /

It
D -‘L\‘V;T A \;,«J‘Q).Jec( L)« e wua 944
(I*/W Rev: 70, 572, 1946 ; 7¢ ,50S, 1945 ;
(\/afuv\ 162 , 680, 1946 ). The .‘,,'cd.cﬁcn
0‘; e Mumenicod yeofuxc :rf\ Fex
)DVC,;LMT‘ C W_cic{uc{/\' Tevyw 1 J€ vc\f\f/ ¢ :
owd CEAr VO& IOWWG\ A A(Vm’\uf &“7"“ Y@ ling
] «u._;.;CY ( i_é\/ d f—\)eJ. _7__5‘, 1083, 1949/\ .N/\C
.f;,f"f‘Yv\:,d"‘E' it w.ar',l\/, amd WA
’""} J""‘;"Q‘((_.K’:ug\.‘l«_‘ asik Ned Sels. 27 nel0, 1953,
Widn T 2ot vmale ;(. g E«L\A A

————

3K DRIEERES LW, THIOE "y Dottty bboslk el i
L » i Vi ki ‘:“"I'fcﬁt-:i\ YO oA vs\( ’ov\ .
A /\ Ii—l A\ L ' —_ A - ' \ jJ S
E@ﬁlgﬂ 75\7-5 T Lj:% D i—tJ:/L/_ Iﬁ,?j_: I:L ~(_, Y rn e {e 2”'—_': I'é-lc.'}t;" i"(./ x (’
KOEFES & LTHASNTNG T qpper (i of &K Tt yeu
‘{I‘C(’ ,NL VW Vf(.// C/((J ’1~'T\ )

- 1 il ' My | Y | Y1 / /.'“/»-/J"’t""' .
B3 1946 FE DFADEE TT stowt witl clmighty Dickc. dinevy 2

It

BHE IFHIFEZCEXTHRAINEZD I BATEZFES = 2023/5/14 46

4

4



FERERDOIEHL (2)

Cosmic Background Explorer (COBE)
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FHEBEROIER (2) Wilkinson Microwave Anisotropy Probe (WMAP)
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Cryogenic Dark Matter Search 2013/4/16

Most of the mass of the Universe is unidentified. The CDMS Experiment hopes to change that..

UNDERSTANDING OR SIGNALS:

The main point: A WIMP (dark matier particle)
. should produce a vibration signal when it bumps
YOUAREHERE, IN THETHE AND YOUARESURROUNDEDBY DARK Our unioue "ZIP" detectors each consist of a crvstal "hockey puck™ and inMoan saomn: nucleus mﬁw?iowdorcrystal‘gum
MILKY WAY GALAXY MATTER ’ ) should NOT produce a significant electronic charge
signal since WIMP's themselves have no electronic
charge ind2 raz4>-

W sensors ait

The different colored dots (see figure below)
representdifferent types of particles which
interacted with one of our detectors. The
ceosener chic o samears an the Seo aive ¢ des dots are tons (which are justindiv .,uau of
Scientists now recognize thatthe universe is teeming with an unidentfied form of matter, This time 3 pastiche intesact t ! et 4ot | - light), the green dots cprcSch'
invisible matteris thought to consist of particles which are distributed throughout the universe, In ] [ called “beta rays’) and the red dots were
. faot, these dark matter particles constitule mostof the mass of the universe

ucedby 5. Each of these panticles

interacts with our detectors in a different way

d SIUCHIRS, Ko Waler vapor Soems couds. These > ) pars " e e & w-yralverivme v ‘ ' - jus What does this mean?
A ilhvmt qravuhorul force ofdut matier helps hold nahxnl eontmer H ¢ S - ’ : y : e | -

stare just iaing on the cake - . It shows that we can distinguish among
A MAM__Q&Q_&SM We know that cark mamer parcies generste orawty, bul they inderad very 0SS LUPTIVIe Be ‘_ N30 different particles by how much electronic charge

weakly otherwise. In cur conception they are weakly-inleracing, but mas amdes We call them WIMPs for . o vodert-iodres ! they knock lcose in the detector crysta

The good news:

How do we hope to see WIMPs?

’ MPs sh d be & vary mueh a r 4
our Sun am Ao @ galaxy, and we know that owr galaxy ke alf . s shouldbehave very much like neutro
adfor parsc ? 0 clos 0 ’ he detecton aze sisemble (the red dots). They displace very little charge in

Mrough you ough evanythvig  Ye: > X o — y SEE NEFENES = NAREEOTNY S the crystal. If we can identify neutrons, this means
‘-v AV . o~ _7’- ) 'I A . o he r J - al - - a { a
dedociors in the deep Sowdan mine that we can also tell which signals are produced by

In Soudan there should be almost no neutrons

“h y Jolociors should SOl see WIMPS, Duf the dats BhTESbes me s, around since we are deep underground. So,
wonT be mucdbed with cosmic ray effocts = ) 47 Aot madcn mome anything which lopks like a neutron is likely to

be a WIMP!
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= .“k {
Cosmic rayiare Macked by the eardh above the . &

experiment / cD

Amountof electronic charge displaced in the
detector (Events to the right displaced more charge
while the events on the left displaced less

WIMP inter: t 1 . Bul, operating in
Soudan will dramatically increase owr sensitivity!
WIMPs pass right on through the earth since
they interact so weakly. But, our detectors must
therefore be super-sensitive 1o detect them

Some bachground pariicles pemerated by Earth's setipset
redicactivity

Shiekdiag Cvee thosgh the expl CDMIS II Experiment

Connects o indge
\. by chance, st3 here

f eapesment Some
e ;-z-’vv’ by N no!vul -pduulnr’y
of the earth itsell Jha radon s your

The lcebox in which our L ex Fomml Natiomal A X ':. .4'_ La
lowers of de ar Ls " 1 e alS "
[ tar
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WIMP-nucleon cross-section [cm
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FIG. 4. Experimental upper limits (90% confidence level) for
the WIMP-nucleon spin-independent cross section as a func-
tion of WIMP mass. We show the limit obtained from the ex-
posure analyzed in this work alone (black dots), and combined
with the CDMS II Si data set reported in [22] (blue solid line).
Also shown are limits from the CDMS II Ge standard [11] and
low-threshold [27] analysis (dark and light dashed red), EDEL-
WEISS low-threshold (28] (orange diamonds), XENON10 S2-
only (29| (light dash-dotted green), and XENON100 [30| (dark
dash-dotted green). The filled regions identify possible signal
regions associated with data from CoGeNT |[31] (magenta,
90% C.L., as interpreted by Kelso et al. including the effect
of a residual surface event contamination described in [32]),
DAMA/LIBRA (16} 33] (yellow, 99.7% C.L.), and CRESST
[18| (brown, 95.45% C.L.) experiments. 68% and 90% C.L.
contours for a possible signal from these data are shown in
blue and cyan, respectively. The asterisk shows the maxi-
mum likelihood point at (8.6 GeV/c?, 1.9 x 10~ *! cm?).

Y= —&H "WIMP, DJifzRiL

Dark Matter Search Results Indicate First Hint of WIMP-like Signal

2013/4/16
KTexas AGAMAZR EDQEREAERF—L TCOMS); (RIERY

OXY—FR) B, FELEDONIDTDI1ZEHDEEINDIHDY
B -39 —1 OIJEZE99.8%DIHEXR (3-sigma) THRE LT
ERFTUIL.
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DIRF\ED—DTHDWIMP (Weak Interacting Massive
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RFICIZDNo>TeETIChIHICENE TRk EFELEINDIR
RORBEZBEULTE. LEEKIRYVIMICKRES=NTULZR
t2s "COMS-Il; ODF—9@BMZzEDTET S, BER
(15GeV/C2LLTF) WIMPICH U TREDOSWY IV TZDR
P BONDERHNI@EDON o7z, WS, £, HBEATIEL
WHE UNBWIENH D) EWSLARNILT, TER) EWLWSD
1AV AY

727, WIMPHFOBEEE U THIRSNAEZZRT.

http://www.science.tamu.edu/articles/1052
http://arxiv.org/abs/1304.4279
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"Dark Matter" is now available everywhere in Japan.
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JIXZLE=EHE (SUBARU telescope)

NGC 5194 (M 51 ) & NGC 5195 hogb-sm ithvity HOTV | Y
< 3 [ Whirlpoo! Galaxy ) ¢. (10 frames ¢ .u:ov.u Jansary 18,1599
SbadencopoNa .\lAlro c.aObcmr ry !Jpo
Copyright (€ 1959, Natonal Asionomeyl Oosoanvatony of Japan, al rights resorved

©NAOJ / Em:aE)tﬁ 8t

= M 82 (NGC 3034) FOCAS (B, V, He)

Subaru Telescope, Naticnal Asvenomical Obsan r)l'a March 24, 2000

ol Astronomical Cbsenar

©NAOJ l lﬁ?&iﬁ A

SUMIRE (Subaru Measurement of Images and Redshifts) 70> 2 kH
ETP. FEOFMRIRTYY I ZEML, FEREEPCPYT—IYY—DNH
Ec‘:“?&ﬂﬁbb\(c_ﬁ“%.
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JIXBEREER HEOBLEABHAAIHNI7F—ARFALk

Subaru telescope revised. First Light of HSC. 2013/7/30

i F 0D B2 g7
| EMTOKRES
(tREZ 0.5 EA)

Suprime-Cam
27— A1k Suprime-Cam Hyper Suprime-Cam
(199941 8 22 FH) (200159 A 22 ) (201347 A 22 )

wmA QERDDIAE DRIBZE —EICHZT CEHHERRESMERDOBIARE A X Z.

HMBEICHAELE 116 D CCD RFZAEL, 58E7000AERZFH OERBTIFIILAXZ,
FYROXSEADIZIELEZ 1 B TIRAD I EICHT. TIEP2ERBICYTHSEHFIhLTWDS
Suprime-Cam (2 7Y—A4 - AL) T, ZYROXYEMNO—I (BALDPYLEWERE) =3 v—FIC
B TCETCWELRED, HSC OEFZICKDEAONENSSICKELEE 2.

http://www.naoj.org/Topics/2013/07/30/j_index.html



http://www.nasa.gov/mission_pages/cassini/multimedia/pia17171.html

[XX]

JIXBEREER HEOBLEABHAAIHNI7F—ARFALk

Subaru telescope revised. First Light of HSC. 2013/7/30

JIERERFBICEH I N HSC HES
Z1e7Y RAOXZIRE M31 D&, g, |
INY ROEBRIE. & REICXHIHU.
zn<h 10 2En (BH) T9J. (VL
¥vw k1 HSC Project / EHiZ XX A)

http://www.naoj.org/Topics/2013/07/30/j_index.html
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Hyper Suprime-Cam Year 3 Results: Cosmology from Cosmic Shear Power Spectra

Subaru HSCO3FEH DT —4% Z T U iR mE S i fe.
416 FEICE X IRFHDIFH (#250051E) £5y—I T —n%Hh

H & DR

BEHALYVART
A TE X 2R

DFER L

BT

HSC Subaru Strategic Program (SSP) Survey

Wi/VIPERS |

HSC-D

= —
\ VIKING=I ~ w2 /
\ i 7

0.050 0.089 0.159 = 0.

HSC-D/UD

Credit: The HSC collaboration team
282 0.503 0.895 1.594 2.838 5.054 [9.000

Galactic Extinction E(B-V)

Wide Layer (“1,100 deg?, grizy, i, -

~26) is designed for weak lensing cosmology.

The survey started in 2014 and was completed in 2021.

[ ]
e Overlaps with other major surveys (SDSS/BOSS, ACT, VIKING, GAMA, VVDS, etc...).
[ ]
[ ]

In this webinar, we will give results from the data taken until April 2019 (416 deg?). 10
____________________________________________________________________________|

https://hsc-release.mtk.nao.ac.jp/doc/index.php/wly3/

, MEEROFHETIDOERICEREZEBZADEDEL S,

HSC-SSPTHELNTcY—TU XY —DIRITTHTE DA
http://www.astroarts.co.jp/article/hl/a/12997_darkmatter

XMM VVDS 2

number density [arcmin~?
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Hyper Suprime-Cam Year 3 Results: Cosmology from Cosmic Shear Power Spectra

0.7F

3x2pt large scale *
3x2pt small scale

Cosmic shear tomography:

Cosmic shear tomography:
Planck 2018

Real

Fourier

gzlll

https://arxiv.org/abs/2304.00701

* CMB Planck TT,TE,EE+lowE 3’&3: - Aghanim et al. (2020d)
* CMB Planck TT,TE.EE+lowE+lensing o + Aghanim et al. (2020d) g
*CMB ACT+WMAP - - Aiola et al. (2020)
Testing ACDM using S B | O
g g 8 Late Universe
0.759 .
* WL KiDS-1000 % Asgari etal. (2021)
WL IKING+DES-Y1 7o) ietal. (2020)
WL IKING+DES-Y1 Oﬂ(;—'o; al. (2020)
W 50 % al. (2020)
0651 —— dt et al. (2020)
0.745 . (2017)
S /O 3 ’—3’7?; . (2017)
— S 2 S Secco et al. (2021)
8 — m ° Hﬁx;m al. 2018)
078 t al. (2020)
. . . al. (2019)
e oy Clumpiness of cosmic structure today. SO
0.795
e Q_:Energy density of matter (incl. dark matter). =
o
0.742
0.776
07
0.728
s 0.8
et nl (2018)
S tension? * GC BOSS DRI2 bispectrum 0v7—l:35]—< ilc al. 2021)
8 ° * GC BOSS+¢BOSS —p al.
GC BOSS p v—07?’9—<
. GC BOSS DR
Most (weak lensing, GC BOSS galaxy paver spectrum At
* GC+CMBL DELS anc *0734
. * GC+CMBL unWI. [ 2]
galaxy clustering, galaxy clusters, etc...) prefer smaller
*CC AMICO KiDS-DR3 0,65
H H *CC DES-Y1 ——
S, compared to CMB, if we assume ACDM is correct. P
8 * CC XMM-XXL 0%
* CC ROSAT (WtG) < \/[ ntz et l(01))
0.749
*CCSPT(SZ .07% Bocquet et al. (2019)
* CC Planck tSZ %53 Salvati et al. (2018)
* CC Planck tSZ Ade etal. (2016d)
*RSD .—"67—0-747 Benisty (2021)
*RSD - Kazantzidis and Perivolaropoulos (2018)
0.2 0.4 0.6 0.8 1.0 1.2

s,_=a,,\/ 2,./03 7
SNOWMASS 2021 Summer study: Abdalla et al. (2022)

https://hsc-release.mtk.nao.ac.jp/doc/index.php/wly3/
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The Atacama Cosmology Telescope: Mitigating extragalactic foregrounds for CMB lensing analysis

RRAKZERSEMRET N T ) B EEF HF 7T
7% (Kavli |P|\/|U) 75\;57.7]]3_% 79ﬁ7$§§ﬁ%i§fﬁ ACT DR6 lensing
(Atacama Cosmology Telescope ; ACT) DEHFE |
HRFFZTIL—T1E, 201 7TFENS2021FCHIFT
FHYI7OKRERMES (CMB) Z8RILIcT—% %
FAWT, CMB HAEAICEL £TOMEICEDEE,
ENLYVAMROEEZZITTWBHIZETU k.
ZULT, &RONADDICHcdKRIBxHI\—F 3%
=Y —DRmRZHcIc/ER U fe.

FEHOAPEBEDREDBRELEEOTHOE

BRZR\E el s, 7AYoy YDk CMBOEAL Y XHEH S8 5NH L INT— 5 X5 — D57

A EERICE D < FHOREER (BEFHMm) O M, ALY VBOERES— IR —OEENSNET S, K
_ \ _ - BOHEEIFY— VY —DEENDBRVEESERY, Z0F—
— R 5 N E}E'—I_”_I_'EA \

TEECHLTRD, REFHMOLELSZERN ORI —DONTIF, BTSEEAECDLD. RELHTRS

IT5FERER ST nictEEiE, Planck@£(1c & > THESNERDIBT DS 2

hH 5D T, CMB &RIZTEITTWSHEEZRT,

https://www.ipmu.jp/ja/20230502-ACT
http://www.astroarts.co.jp/article/hl/a/13025_darkmatter
https://arxiv.org/abs/2304.05196
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VERA C.RUBIN Z#lZLarge Synoptic Survey Telescope (LSST) & ULy EE;
OBSERVATORY ngipncurizst, 202041 ZHRRE

Vera C Rubin
(1928-2016)

https://www.Isst.org https://www.youtube.com/watch?v=9aQY6f1Bcpk
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James Webb Space Telescope

DIALRX-JITYVIFHERE 2021FE12H258FT 65 LITRIN
James Webb($£1960FE X DNASARE. FZ/ROFTEZHEL

Webb Telescope q
Quick Facts
Jan 9, 2022

RELEASE 22-004 PRIMARY MIRROR SIZE: 21.3 feet

6.5 met
NASA’s Webb Telescope Reaches £ |w]in]| P]- o o

Major Milestone as Mirror Unfolds MIRROR SHAPE: The mirror is comprised
of 18 gold-plated hexagonal deployable

segments

SUNSHIELD: Webb’s five-layer deployable
sunshield is the size of a tennis court

INSTRUMENTS: Webb has four science
instruments: Near-Infrared Camera
(NIRCam), Near-Infrared Spectrograph
(NIRSpec), Mid-Infrared Instrument (MIRI),
and Near-Infrared Imager and Slitless
Spectrograph (NIRISS) with the Fine
Guidance Sensor (FGS)

WAVELENGTHS: Visible, Near Infrared,
Mid Infrared (0.6-28.5 micrometers)

TRAVEL DISTANCE: 1 million miles
(1.5 million kilometers) from Earth

LOCATION IN SPACE: Orbiting the Sun

https /1 www.jwst.nasa.gov around the second Lagrange point (L2)




James Webb Space Telescope

IIALX DTV T FHERR 2021F12H25H3T5 LTS

THE
JAMES WEBB SPACE TELESCOPE

#UnfoldTheUniverse On CliCk, 1,27”

NASA‘S_Jam;s Webb Space Telescope — Official Mission Trailer
472,631 5B - 2021/12/21 5285 CPEWE o 8 =&F ... https://www.youtube.com/watch?v=69uT90tEJdE




James Webb Space Telescope
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Stephan’s Quintet, a visual grouping of five
galaxies, is best known for being
prominently featured in the holiday classic
film, “It's a Wonderful Life.” Today, NASA’s
James Webb Space Telescope reveals
Stephan’s Quintet in a new light. This
enormous mosaic is Webb's largest image
to date, covering about one-fifth of the
Moon’s diameter. It contains over 150
million pixels and is constructed from
almost 1,000 separate image files. The
information from Webb provides new
insights into how galactic interactions may
have driven galaxy evolution in the early
universe.

https://www.nasa.gov/webbfirstimages



James Webb Space Telescope

IIALR-ITIVIF

BEfE  First Image 2022/7/12

NASA’s James Webb Space Telescope has
produced the deepest and sharpest
infrared image of the distant universe to
date. Known as Webb'’s First Deep Field,
this image of galaxy cluster SMACS 0723 is
overflowing with detail.

Thousands of galaxies — including the
faintest objects ever observed in the
infrared — have appeared in Webb’s view for
the first time. This slice of the vast universe
covers a patch of sky approximately the
size of a grain of sand held at arm’s length
by someone on the ground.

https://www.nasa.gov/webbfirstimages



James Webb Space Telescope

ITALR DTV IFHEEEE First Image 2022/7/12
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This landscape of "mountains”™ and “valleys” speckled with glittering stars is actually the edge of a nearby, young, star-forming region called
NGC 3324 in the Carina Nebula (AU —7+£2%, Dw>ZDE) . Captured in infrared light by NASA’s new James Webb Space Telescope, this
image reveals for the first time previously invisible areas of star birth.

https://www.nasa.gov/webbfirstimages



Astronomy Picture of the Day

https://apod.nasa.gov/apod/astropix.html
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Northern Aurora

Amalthea Adrastea
| |

.

Rings

Diffraction Spike
from Io

Aurora’s Diffraction

Southern Aurora

Aurora’s Diffraction

Jupiter from the Webb Space Telescope

This new view of Jupiter is illuminating. High-resolution infrared images of Jupiter from the new James Webb Space Telescope
(Webb) reveal, for example, previously unknown differences between high-floating bright clouds -- including the Great Red
Spot -- and low-lying dark clouds. Also clearly visible in the featured Webb image are Jupiter's dust ring, bright auroras at the
poles, and Jupiter's moons Amalthea and Adrastea. Large volcanic moon lo's magnetic funneling of charged particles onto
Jupiter is also visible in the southern aurora. Some objects are so bright that light noticeably diffracts around Webb's optics
creating streaks. Webb, which orbits the Sun near the Earth, has a mirror over six meters across making it the largest
astronomical telescope ever launched -- with over six times more light-collecting area than Hubble.

https://apod.nasa.gov/apod/ap220830.html



Saturn in Infrared from Cassini

Many details of Saturn appear clearly in
infrared light. Bands of clouds show great
structure, including long stretching stormes.
Also quite striking in infrared is the unusual
hexagonal cloud pattern surrounding Saturn's
North Pole. Each side of the dark hexagon
spans roughly the width of our Earth. The
hexagon's existence was not predicted, and
its origin and likely stability remains a topic of
research. Saturn's famous rings circle the
planet and cast shadows below the equator.
The featured image was taken by the robotic
Cassini spacecraft in 2014 in several infrared
colors. In 2017 September, the Cassini
mission was brought to a dramatic conclusion
when the spacecraft was directed to dive into
ringed giant.

https://apod.nasa.gov/apod/ap220724.html
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