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Astronomy Picture of the Day

Discover the cosmos! Each day a different image or photograph of our fascinating universe is featured, along with a brief explanation written by a professional astronomer|
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Milky Way over Pyramid of the Feathered Serpent
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(nuclear fusion) (nuclear fission)
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AL G HE HE
b1 p proton | +1 | 1.67262158 x 10~2%7 kg | 1836.15
T n npeutron | 0 | 1.67492735 x 10727 kg | 1838.68
Gimg e electron | —1 | 9.10938188 x 103! kg 1
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Period

[EIHAZR (periodic table)

1 18
1A VIIIA
1 1 RFES —|29 21| — BETED/A DIl 2
H zEES - CU |- TERSHRROLOFATARShITR He
1s P 2 STRA(BXE — m 13 14 15 16 17 AL
hydrogen A TERA(EE) — copper mA IVA VA VIA VIIA helium
1.008 1 EEEE 6355 | —RFE —EEBRITH 4.003
3 +1]4 +2| | @Btk | ¢Ex=l5 +3|6 -7 -3|8 -2[9 -1]10
Li Be [ Jeacan [ s B c N o F Ne
2s|  yFyL RUDLIN 2p]  huE =3 =% BE TR EE
lithium beryllium boron carbon nitrogen oxygen fluorine neon
6.941 9.012 [:]ﬁﬁfﬁw [:]%W@ﬁmﬁ% [:]M%HE&W@&#%U%%? 10.81 12.01 14.01 16.00 19.00 20.18
1 +1(12 +2 13 +3114 -4115 -3|16 -2[17 -1118
Na Mg Al Si P s cl Ar
38| sryma | wrrees 3 4 5 6 7 8 9 10 " 12 3p| Frz=wa A% s B 5% Fuay
sodium magnesium mnB IVB VB Vi B vilB Vil B Vil B Vil B 1B B aluminum silicon phosphorus sulfur chlorine argon
22.99 24.31 26.98 28.09 30.97 32.07 35.45 39.95
19 +1]20 +2 21 +3(22 +432|123  +5234(24 +3,26|125 +234,67|26 +3,2|127 +2,3[28 +2,3|129 +2,1/30 +2 31 +3(32 +4,2433 -3(34 -2I35 -1|36
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
4s H L AN L 3d RHUT L Fhv NFT9L ISPN <Ay % BV =T ] R 4p HYD L FILI=9 L (=3 Ly LS YTy
potassium calcium scandium titanium vanadium chromium manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
39.10 40.08 44.96 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.41 69.72 72.64 74.92 78.96 79.90 83.80
37 +1/38 +2 39 +3(40 +4(41 +5,3|142 +6,3,5/43 +7,46|144  +43,6,8|45 +3,4,646 +2,4(47 +1/48 +2 49 +3(50 +4,2|51 +3,5052 -2(53 -1(54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
5S| ueven | zrovzon 4dl orysn | vnazew =47 w77y | FoaFoL | ATzva RUHL R"FUHL " PLECIN 5P| ruen 2% FuFES L % Sty
rubidium strontium yttrium zirconium niobium molybdenum technetium ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
85.47 87.62 88.91 91.22 92.91 95.94 98 101.1 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3
55 +1/56 +2 57—71 72 +4(73 +5(74 +6,4|75 +7,4,6|76 +4,6,8|77 +4,3,6|78 +4,2|79 +3,1|80 +2,1 81 +1,3|82 +2,4/83 +3,5|84 +4,2085 86
Cs Ba Sv4a/48|  Hf Ta w Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
6s R AFFN AULZFN 1 5d INTZ= L 2L BUG ATy L= L E SN EUDLFFN ag & 3] Gp LULFN E7) EXTR RO=ry L TREFY Sk
cesium barium lanthanides hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
132.9 137.3 178.5 180.9 183.8 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0 209 210 222 1 EEETHR
87 +1(88 +2 189—103 104 105 106 107 108 109 110 111 112 113 114 115 116 17 118 lﬁ}%i%
Fr Ra 79748 Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
7s| s5vmn SUHL 16 SYh—Uva | KI=HL | v—k—Fon| K—uva [ svsmn | =arruvs [$—azsFos| Lobrzon [ acu=oyn TPl ==sn | svmeva | zRagss | usEovs FHRUY ERES,
francium radium actinides rutherfordium dubnium seaborgium bohrium hassium meitnerium darmstadtium roentgentium copernicum nihonium flerovium moscovium livermorium tennessine oganesson
223 226 261 262 266 264 277 268 281 272 285 284 289 288 292 293 294
FUB/4F 57 +3[58 +3,4]59 +3,4]60 +3[61 +3[62 +3,2[63 +3,2[64 +3[65 +3,4]66 +3[67 +3[68 +3[69 +3,2[70 +3.2[71 +3]
lanthanides La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
(Lrr—RzE®E) T4 sus UL IoeF L ES DN FAAFIL YYD L aAHaEYL | HRY=DA FNEDL | SRIAVIL [ KLEYL TIEDL SOLN AVFIEDIL | LTFFIL
(rare earth metals) lanthanum cerium praseodymium neodymium promethium samarium europium gadolinium terbium dysprosium holmium erbium thulium ytterbium lutetium
138.9 140.1 140.9 144.2 145 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0 175.0
FIOF/AE 89 +3/90 +4191 +54]92  +6345[93  +5346/94  +4356/95  +3456/96 +3|97 +3,4/98 +3/99 +3/100 +3/101 +3,2(102 +2,3(103 +3
actinides Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
15 7o3=on UL TOb7oF = L Y FTY=H L TIh=ry L TAI DL FayoL N=DU9 L | AYRI=D L [FAVREA=9L TSI L AVTFLEDL | /=YL | A—LoY9L
actinium thorium protactinium uranium neptunium plutonium americium curium berkelium californium einsteinium fermium mendelevium nobelium lawrencium
227 232.0 231.0 238.0 237 239 243 247 247 251 252 257 258 259 262
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Period

[EIHAZR (periodic table)

1 18
1A VIIIA
1 1 RFES —|29 21| — BETER/T O 2
H z%iEs - CUu |- TRESHFREOLOFALARShETH He
1s P 2 STRA(BXE — m 13 14 15 16 17 AL
hydrogen A TERA(EE) — copper mA IVA VA VIA VIIA helium
1.008 1 EERTE 6355 | —RFE —EEBRITH 4.003
3 +1]4 +2| | @Btk | ¢Ex=l5 +3|6 -7 -3|8 -2[9 -1]10
Li Be [ Jeacan [ s B c N o F Ne
2s|  yFyL RUDLIN 2p]  AvE =3 =% BE Tu% EE
lithium beryllium boron carbon nitrogen oxygen fluorine neon
6.941 9.012 [:]ﬁﬁfﬁw [:]%W@ﬁmﬁ% [:]M%HE&W@&#%U%E? 10.81 12.01 14.01 16.00 19.00 20.18
1 +1(12 +2 13 +314 -4115 -3|16 -2[17 -1118
Na Mg Al Si P S Cl Ar
38| jryma | wsreea 3 4 5 6 7 8 9 10 1 12 3P Fuz=sa 4% e B % Frdy
sodium magnesium nB IVB VB Vi B vilB Vil B Vil B Vil B 1B B aluminum silicon phosphorus sulfur chlorine argon
22.99 24.31 26 08 28 no 20 07 3207 25 45 20 05
19 +1]20 +2 21 +3(22 +432|123  +5234(24 +3,26|125 +234,67|26 +3,2)
K Ca Sc Ti A Cr Mn Fe
4s h L AL 3d o Ay FN FHY NFTHL ZJ=FN VAV %
potassium calcium scandium titanium vanadium chromium manganese iron
39.10 40.08 44.96 47.87 50.94 52.00 54.94 55.85
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GW170817

EEPEFESH BENERL, Z<OXXEHRIGEH

Gamma rays, 50 to 300 keV GRB 170817A

Counts per second

Gravitational-wave strain GW170817

Frequency (Hz)

0
Time from merger (seconds)
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Figure 2. Timeline of the discovery of GW 170817, GRB 170817A, SSS17a/AT 2017gfo, and the follow-up observations are shown by meisznégg and
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GW170817

EEPEFESH BENERL, Z<OXXEHRIGEH

FIRST Cosmic EVENT OBSERVED

IN GRAVITATIONAL WAVES AND LIGHT
Colliding Neutron Stars Mark New Beginning of Discoveries

Collision creates light across the

entire electromagnetic spectrum.

Joint observations independently confirm
Einstein's General Theory of Relativity,
help measure the age of the Universe,
and provide clues to the origins of

heavy elements like gold and platinum

On August 17,2017, 12:41 UTC, Within two seconds, NASA's

LIGO (US) and Virgo (Europe) detect Fermi Gamma-ray Space Telescope
gravitational waves from the merger detects a short gamma-ray burst from a

of two neutron stars, each around region-of the sky overlapping the LIGO/Virgo
1.5 times the mass of our Sun. This is position. Optical telescope observations

the first detection of spacetime ripples pinpoint the origin of this signal to NGC 4993,
from neutron stars a galaxy located 130 million light years distant

BEREH [FHIEITTHRA=NZN] (E3E] BEHkDE 2019/6/27 BEX{tLz>5—(#BH)
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Image credit: Chandra, Hubble, and NRAO teams,
retrieved from heasarc.gsfc.nasa.gov.
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Core of Galaxy NGC 426l

_Jan of high-spocd

G s Hubble Space Telescope
Wide Field / Planetary Camera
Magratic fiedd

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

| } L}
380 Arc Seconds 17 Arc Seconds
88,000 LIGHTYEARS 400 LIGHTYEARS

http://www2.astro.psu.edu/users/rbc/al/lec26n.htmi Z@\'fg%

oS Y Ty CHARELET
(58RI active galactic nuclei)
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(T3 —RIEHNS] Discovery of a radio galaxy at z=5.72 2018/8/13

ERIZDERIRZFHR

AS2E c SATIURIEZHTILE T DERHATTF—
LR, 12 ROEARA— MNUKRERKRLERIE (GMRT) T
TONEERDERT —RAEBROT—IH5, AU
FEDFAEICAIET DEIRKRA [TGSS J1530+1049]
ZER UL, RAFTOIEMZRDODZHICK - /\D
ADTTZERIREK - VUV FNDARKKEEE =
$% (Large Binocular Telescope; LBT) T y&LRIN
N, RADORARBDIENS.72LKkdE5NT. B
KRR & U TS, 1999FICRR Nk AwES5.19
(f127{8%8) WD zEEH L.

https://www.astroarts.co.jp/article/hl/a/10104_tgss

Dec (J2000)

| ROYAL ASTRONOMICAL SOCIETY Q
MNRAS 480, 2733-2742 (2018) doi:10.1093/mnras/sty 1996
Advance Access publication 2018 August 6

Discovery of a radio galaxy at z = 5.72

A. Saxena,'* M. Marinello,'> R. A. Overzier,” P. N. Best,” H. J. A. Rottgering,'
K.J. Duncan,' I. Prandoni,* L. Pentericci,” M. Magliocchetti,’ D. Paris,” F. Cusano,’
F. Marchi,” H. T. Intema' and G.K. Miley'

S

https://academic.oup.com/mnras/article/480/2/2733/5067277

128{EX64E5%

VLA 1.4 GHz
LBT K-band
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49.92s 15h30m49.44s
RA (J2000)
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[—1—RiREH 5] Remarkably luminous galaxy at z=11.1 2016/3/7

I\Y I IVEEEHREIRNEFER 134{ENEF5%

Distant Galaxy GN-z11 e Redshift 11.1 « GOODS North Survey HST « ACS/WFC WFC3/IR

NASA, ESA, and P. Oesch (Yale Universit:

https://www.astroarts.co.jp/article/hl/a/746_gnz11

THE ASTROPHYSICAL JOURNAL, 819:129 (11pp), 2016 March 10 doi:10.3847 /0004-6.

2016. The American Astronomical Society. All rights reserved.

I\ JILFHERIEHSTICKDERAT, P IRE=E
WEEE TGN-z11] (BHESEROAME) ERSE
niz. NEWRNSEBERRELKRZITDOTHED,
E(ZERDL. WEEGN-z11EXTOrEREL, HST
ETIMERYFE [ REYWY 7 —] EDOERINSE
SNnreXHRoeMrsREESNTULWER, S
HSTICK D TCGN-z11Zn XA LI E S, KK
DIEBEDIEREEIRD [HRARE] OEHN11.1&3K
HBNTZ.
GN-z11DOKXKEZ=(IKDIIERR D257 D1, B=(&
KDOINEERDL)IN—1> R THD. CDKDRNE
S(CEMMNHSTY, GN-zZ11DOKEIFEL, IRTED
KDNERB D208 EEWVWDEKRTEZFAR LT
WD, ZDOENTT, BASKREAITLD.

CrossMark
A REMARKABLY LUMINOUS GALAXY AT Z = 11.1 MEASURED WITH HUBBLE SPACE TELESCOPE

GRISM SPECTROSCOPY

P. A. OescH"?, G. BRAMMER®, P G. vaN Dokkum'?, G. D. [lllN( WORTH” 1 1. B()me.l LABBE,

M FRANX,

I. MoMcHEVA™, M. L. N. AsuBY®, G. G. Fazio®, V. GonzaLez”**, B. HoLpen", D. MaGee”, R. E. SKELToN’, R, Smit'’,

11.12

L. R. SPITLER MTR[NH:. AND S. P. WILLNER®

https://iopscience.iop.org/article/10.3847/0004-637X/819/2/129
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FEHOEERBS Large Scale Structure

ek - A » XE53R > RSk > SRalEF > sRinIE] > KRS

(Sloan Digital Sky Survey, SDSS)

65 E DRI
&8 (2006)

1.35 SHOSABIRE Y I 2L —2a VK D8UGM LD D, (1] SDSS #—R_A 12 X 05
A& 1.34 #ER72zbD. SDSS X, kRK»HRZ5 65 HELEOSM%E 2 fbEE TRL TV 5.
L3 EEOEMIC KR 1 AEUEDZ L— b+ —b (FROER) dHICRR SN (£) 2dFGR
P—RANCEZBTMOSARE. BHED 22 FEULEOHRTE 2 EHETTRLTWS. () IL=T74 -
YIialb—varkw) BYEF R EZ LS TR LA S . [Springel, Frenk, White ®F3C (2006) %*
T
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http://cosmicweb.uchicago.edu/filaments.html
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http://cosmicweb.uchicago.edu/filaments.html
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http://cosmicweb.uchicago.edu/group.html
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http://cosmicweb.uchicago.edu/gal.html
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http://cosmicweb.uchicago.edu/gal.html
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http://4d2u.nao.ac.jp/t/var/download/spirall.html
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Gas cools
very slowly
forming a
stable disc

Globally
unstable gas
infalls rapidly
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galaxy center
and a
supermassive
star forms
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unstable

gas flows
toward the
galaxy center

First stars:
maybe one
star per
galaxy, up
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hundred times
larger than
the sun

The stellar
core collapses
into a small
black hole,
embedded in
what is left

of the star

Gas
fragments
into stars,
and a dense
star cluster
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If the star is
more massive
than ~300 solar
masses, it
collapses into
a black hole,
~200 times the
mass of Sun

The black hole
swallows

the envelope
growing up

to ~one million
solar masses

Stars merge into
a very massive
star that
collapses into a
black hole ~1000
times more
massive than

Dominance

Symbiosis

Adjustment

L

Early universe

the Sun

Fig. 1. Illustration showing three pathways to MBH formation that can occur in a distant galaxy (56). The starting Fig. 3. Possible routes to MBH and galaxy coevolution, starting
point is a primeval galaxy, composed of a dark matter halo and a central condensation of gas. Most of this gas will from black holes forming in distant galaxies in the early universe.
eventually form stars and contribute to making galaxies as we know them. However, part of this gas has also gone into  [Image credits: NASA, European Space Agency (ESA), A. Aloisi
making a MBH, probably following one of these routes. (Space Telescope Science Institute and ESA, Baltimore, MD), and
The Hubble Heritage Team (Space Telescope Science Institute/

REVIEW Association of Universities for Research in Astronomy)]

The Formation and Evolution , A ‘
of Massive Black Holes SBANET, BLBHAE ?
M. Volonteri? EIJIE,\BHD\‘%T, ﬁE;EJD\\'?é 2

The past 10 years have witnessed a change of perspective in the way astrophysicists think about massive black
holes (MBHs), which are now considered to have a major role in the evolution of galaxies. This appreciation \
was driven by the realization that black holes of millions of solar masses and above reside in the center of
most galaxies, including the Milky Way. MBHs also powered active galactic nuclei known to exist just a few
hundred million years after the Big Bang. Here, | summarize the current ideas on the evolution of MBHs through
cosmic history, from their formation about 13 billion years ago to their growth within their host galaxies.

Volonteri, Science 337 (2012) 544
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NGC

- stellar winds dominate feedback
- rarely excite QSOs (only special orbits)
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(c) Interaction/"Merger"” (d) Coalescence/(U)LIRG

g

NGC 6240

- now within one halo, galaxies interact & - galaxies coalesce: violent relaxation in core
lose angular momentum - gas inflows to center
- SFR starts to increase starburst & buried (X-ray) AGN

- starburst dominates luminosity/feedback,
but. total stellar mass formed is smal

(b) “Small Group”

ar Hosts

IRAS Quias

(e) "Blowout™

- BH grows rapidly: briefly
dominates luminosity/feedback
- remainng dust/gas expelled

- get reddened (but not Type Il) QSO

recent/ongoing SF in host
high Eddington ratios
merger sgratures sull visible
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- halo & disk grow, most stars formed

- secular growth builds bars & pseudobulges
- “Seyfert” fueling (AGN with Me>-23)

- cannot redden to the red sequence
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(f) Quasar

- dust removed: now a “wraditional” QSO

- host morphology dfficult to observe
odal features fade rapediy

- characteristically biue/young spheroid

(g) Decay/K+A
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NCK

QSO luminosity fades rapidly
- tidal features visible only with

very deep cbservanons
- remnant reddens rapidly (E+A/K+A)
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(h) “Dead” Elliptical

MSY

- star formation terminated

- large BH/spheroid - efficient feedback

- halo grows to “large group  scales
mergers become inefficient

- growth by “dry” mergers
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Direct collapse .
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Few halos are seeded, but seeds
are ~10* solar masses

Observational consequences

Black holes grow
via accretion and

Track the growth of
black holes and
halos

Halos grow
via merging.

merging.

~60% of ~10° solar mass
galaxies contain >1 0° solar
mass black holes

Today virtually all >10'? solar mass
galaxies contain supermassive
black holes

S5 I iR—ILZR Gt
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Death of massive °

stars

Most halos are seeded but
seeds are ~100 solar masses

. Some black holes are
ejected by gravitational
wave radiation.

Observational consequences

~100% of ~10° solar mass
galaxies contain ~10° solar

mass black holes

Figure 1 | Evolution of seed black holes. Schematic of the evolution of seed black holes assuming two different formation mechanisms (the death of the
first generation of massive stars versus the direct collapse of gas into a black hole). Dark matter halos and the galaxies in them grow through merging. Black
holes grow both via merging and by accreting gas. One additional complication is that after merging, gravitational radiation ‘recoil’ (see text for details) may
send the black hole out of the galaxy. At present, we can distinguish between the two scenarios based on the fraction of small galaxies that contain massive

black holes (we call this the ‘occupation fraction’).
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Greene, Nature Comm. 3 (2012) 1304, DOI: 10.1038/ncomms2314
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Collisional Growth of Dust

©2018 Koji wWada, Toru Suyama, Hidekazu Tanaka, Satoki Hasegawa, 4D2U Project, NAOJ

http://4d2u.nao.ac.jp/t/var/download/DustGrowth.html
https://www.youtube.com/watch?time_continue=11&v=kNNyuB4VzoM
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