FHERMAREAASF R
http://www-utap.phys.s.u-tokyo.ac.jp/~suto/mypresentation_2015j.html
20154H7H 16:40-17:20

Hi%: Hik I/
(KImRNZRE. SBRNTFEMR)
B3 REER
(BRI F B 5.
2% GHER
(BIEFHEMH., F—HARERZ)
BhZ: #)1FEEE
(REEE. T5VIFHR—ILTER)
Evi N\t 3—DEILIE—8iRDT IIL—T &
EELDOMREZTEZITOTLS

= AL X)

limh




EﬁjQZI:?EBiFJw/ \XTD
. fI:%IE IE_nHH Eﬁ%ﬁ
s PEAE - FHYPEHNRE

s R HEBE. B KEER

s % - ESHER. BECH)IIESE
m C J7 N F—

s B4R tmIUIE—. BhZ . A LURERR
s SHARENHKR THRETEZITOTLVD

s KEEHIZCRBZS. SVF 2+ —, Bl —

s FHMOES, PIiR=. Eim. Fak. BHE

s U —XV— )L . REB. RAE

n ARG (AL K, &)

I1'l



2015F EgiEfEmES
Bk, TH.ELUDIME=ESRITFEHBODHFEZSRD

Andrew Liddle “"An Introduction to Modern
Cosmology” Wiley, 2" edition

= Steven Weinberg “"Cosmology” Oxford Univ. Press
= RREEIRATFERI TEROMEIRKNLM=R

=

llllll

ZAmE -5 B -t Bt
BLiiot- A&, #IEE4
A148(X)13:30@#
FH—=EEOfE 9085 =

%Aj_éh& %;'—C‘%& An Introduction to
ﬂik’ MEZFHKL TR | Mol ooty
&)é WILEY

STEVEN WEINBERG




2015 E G ES

s LEDRKXFE-FEYEFRICEHITHRED
%&?—- =720 HEZFROTENZTHK.

TiEim 9 D

-ni"f‘ﬂild:"" o B ICHELEEELSZATRE
75(2010/'—(3155731&" 2011 (FBEEE N
7. 2012 L2013F (X2 D E LR, 2014

FEFa IR RO BRI ELHELT)




AKX F-FEHYEFMEXNREA LM
EIZHKTWNVA NS | =S ZHEREDEE D
s XTZRA: XX IDFEREE(E

- rXXJ = RXE. 7(55 BE. & F'Eﬁ%ﬁ ﬁ_%‘ﬁﬁ_\
R A] % fE/_.I. . FHERFZE. /-' ap - IEE

KRR TYYIRXE

(YY) = B, IR9MR. AIfRIE. B5MR . XER.
A, FEE. Za—MN/ . EHK

o : /f)cill”-

o G, SR (h £, [BK, OV BEHT).
EER, MEZaL—3ay




AstroZOlO decadal survey

" = Cosmic Dawn =>ZH

o
ey ¢ -
rs__. -’ .,5" E 0) ** N

L

s FEHOKRAIT: F—

HAX

22 k- T5 v h—IL OB
| = New Worlds =78
. s FHA: AEOEERIGER

“» % M s . Physics of the Universe

= fELl
T s rEONE

B Mmm 3£ B IJODEEﬁ*F
August 13,2010

1'I'

FHEXET S

http://sites. natlonalacademies.or_q/bpa/BPA 049810




NS N = NT OV a-H

&

<
-~y

i
2 4

» FFHOER s

» FUTYEY ETENEROERIIKE
s F—OI3—DEER

s AXENSEIRIILE—YEEEBEA
s A—DITRILF—DHEEDREH

0 Ej—"—ﬁ@ﬂﬂﬁﬂ 2ok D IR

—ﬂﬂﬁ*ﬂﬁd) REEMOFTLLVKXFDEAN

o HI*)L#—" B DEER
s RIFILEEEORER., RIFRRXFEDRH
s BREBRR-TOIEBN—AMDIAH=X L
s KESEHELORREBDIERE
s FE—HAXAFDODERR -ER- 1k
s FEHORTZRET .. KKDER. tR DR
B 'IEE %Eo)tlﬁ
n E-EE- 3//\7|~3€17$0)ﬁ/hjibﬁ1|:

o WERERNBREDORENSFHEMFA
B IR, & XHDER . L0 Bt




\\\

BT DI NERAIT
FHMENGRNKXEN2DDFET—T

. 'd’lzt FRFEITRRSNDI KRR IRE 7
S —RAIZEIKERAINFER FITKE
BT E AL AXFEEHRBD-

s RIMR T — A EM ENFH—ARAZTHlH
EHERIRARAE IV RN T XD AR

s RIMVRERDA;

SIE=

pLE

3 85 = D

H R E)

JREHEE

a N\AFR—H—LFEEYE




 BALVATIRSIF—ORE—

. ® /
. Rt 3 ;
R » ' - . .
‘-'.- : . . . 4 a0
’ » ” ’ v K
" . \ R '
B “> \ - ey . .0, b .
‘ '

Aoy / .f. N e
- / | » ’. » 9
: ~



-~ L -

http://hubblesite.org/newscenter/newsdesk/archive/releases/2006/23/

SRR D D B THARA T DA
75\(+J:500)§7353€1*§O<6
N ‘ : 621%%355’&':&6

$RAAEHLYD
?‘—779—

I8EXFEKICHD
HIT—H— (il
T5v91—IL)

SDSS J1004+4112 :
— iR AE X SRR B R



NI IIVFHERFCTEHALS
Ejjl//x“ SDSS J1004+4112 spmEA . AEES

FEHALUX% . 75\20035-L%E
- F’-('J'T_ﬁg"l - 3
4—b2s—OhE £ A ’,.
U)EEE,]:IE& @@ : : - <
’ @1 b | & . |
’ '-" 4 @ TR ’ :
_."s . ¥,
- | @ FHLUX & e ® 3 :
HTE ) HI—H— ; ¥ .

10" ’ e

— - %) -



ANeR5NEREDEREE A

" RINERERDARE

5= Dj

oREEL

s OV 3—-2 /70— UMRICKDERARIRE
s PLEEEDRFENFHIBIESTE

s EEFDO

s RNNRED) T LHEDRER

» ROLEREDLFHE
o MEREUER E O RIS R HRE X

s I\ A~T—7A

27/ |=a2aN




KB%%9$,D\E%%O)JH<EE§

2014%E108BAT. 1137HORNBEREHR 188
Z055467EIZEROBEAROR
HEIh-BERKIT1822

B EESA

B V170V X%
AN 82
k- Ry 75—k 61 64

J

30 5 30 33 29

20
7 11 13

~
H
A
A
23
51
&
£
7))
15
Y
7))
=
g
1

2005



RN REAEDIRE - BE KK

s BEXAREERBRDOEAK (1995)
s XERTDOFEER (2001)
s XERINMRESNOEE (2005)
s ZEARERSIEOREE (2009)
O /\1:577/1/%250)%‘5
s RNKRE T, FEDFEE
= BREREDEZRLY (AALTL)

2 NATT—D— (EPFLEDEEA) DEE
n HHERSF E AR DFER




RONERERBAIE

s FYT5—i%
s REONEIZRIEALT, FILDEDEREN

B+ A—FILIEEECEHNICEE)

L |‘7// Jl‘ﬁi
s FILDEDEARZRENEYIHZETED

BAAEM 1/ S—t > MEE B #IMIZRE< S
s <4 oaL> Xk

m E

s EALVAMRICEY . EREN BREE

BAICEHBHLTED

» ERRE
» FLEDNZERLTREDAZD R



OTORI oy EHD209458b

s RELFHOT—RIZH W b SEBI=ED o
hE B (kBT E Eid)%ﬁﬂ%ﬁaﬁ%ﬂ% 5

DiEk (AIERIL) D ¥R L

BAHA3.5A DRyl ’5!—

NI LR EERIC K
L EENNRERMBZEL

‘zk /
0.985 \_\ o f/‘
& Brown ét 41. (2001
Henry et al' (1999) -0.10 ' -0.05 0.00 .0,05 0.10

Charbonneau et al (2000)



cSUUYRERZ &R HhhNASTE

o RS ER A

s NEREH . REF R (EEFFREDL) F4LcD
REE 16 ?é’&iﬁﬁiﬂﬁﬁﬁﬁ

s TEDE

$KL1

s + o ICEE
s ZXEHS., BEDEFE
= Spin-orbit 5152

2 AORHKE LA~ D5

k[

>

N(EEBEREERRE NEREHD

£ £ (asteroseismology)
i ¥ Ed)lﬂ]ll# ¥F

—'f:I:s |.|.|4-H-7Ld~&o)*$"4 *EJTE

s R DBERICHTHEZEBRHERF




RERENYE + £2- :L.EFZ'/EH&VFJ
= HgEDRyko l:'3"—
. < = B3
iﬁd)mlﬁﬁlb\¢ ll_:\ﬁ=
* MRiaT EARTIE \ o EiEifil
o st mE | [0 Eromsur ||q feibuimens
o MBERM -k | |o nramnm |[® LU
* MPBQRIERE | (O M o T2 -BEWWIEA
o HRBAEICLLS | |o BuExE . Enis
ALE DL o HmEMH pdieiiogt
ABEREBAREETIL o FKubPaEL—DHE

(REETIL-HKRETIL)



2BV E RKOI-94:
;i:ﬁsggig.:§52:(7:>:?€1-;tEEil--J

P=3.7d P=10.4d P=22.3d
eartn) (3.8Re; (1T1Rea1)

- ’7'7°5—1“IET —BAPS

2010/1/14 16:48 19:12 21:36. O.é:24 04:48 07:12
DHTHREBEBARER

- Tliétﬁ‘ifﬂd)ﬂzﬁ—
NEEAT, T2 BEcHH
EERE NERER AN T IT o

'—CL\é?i;&%E

Hirano et al. ApJL 759 (2012)L36

D KOI-94
\ /
\

KOI-94d




TEBTHMERE QMO ETLD
(RIK EDHRE AT D TIRITAETIIELY)

i stellar spin axis e Hot Jupiter
1
® Multi-transiting system

P=1000days retrogr'ad»e orbit i prograde orbit ¢ Solar system
: < ' >

P=1 OOdéys *EE:HE

P=10days "E‘lﬁ'

Solar system planets

® KOI-94d

I
o / o

; /
HD209458 Mercury

2013F6 A B R CRMBIENBIE SN, OV R 270 P29 H3a/8 LA
FOEELGLTH, 55, SEHNEHE. 7{EINHEITEHE,
Xue et al. (2014)




ERFERNEER

= EQFRATMRIE—FDBFTANL, FIDE
D BEMEFRIA i ZRTE (Benomar et al. 2014)

'l

Y,(8,0) &Stellar inclination (1=3) Kepler-25 (2&~5>
m=+3 m=1+2 m=+1 m=0 YR E R)
| s [ =65.4° +12.1°_
n SIEA A=9.4°+7.1°
m 3&75% LIJ—26.9° +70_9_20
s HAT-P-7 (FE1TRERH)
n =270 35,
n GiE2A A=186° +10°
] 3/%75% Y= 1220"'30_ go

T.L. Campante, arXiv:1405.3145



ZNERBERENEAT )L —2

Kasting, Kopparapu, Raminez & Harman (2013)

Sy
-

I-B- , .‘

[T RS b

" % Jupiter. Saturn-" Uranus = Neptune

2 r i kepler 62f : E

o GlAi‘;se'f'Sfﬁqi: : e e S , :
' ’ : .Gl-lese 581d - ’\ t97}v9

wwxmaucﬁﬁ-céamgﬁw
FI’IL\EJ’J"::%H%HE‘L@.'CE%

s

.' -".0'

001

D.§ s

..--.
g gl ki X & N

o1 FPIL.\E?b\bd)EEEE [aexaw] ' 7-._1'°:: i

Planets: PHL at UPR Arecibo, NASA/IPL/APL/AriZONa

Kasting, Kopparapu Raminez & Harman: arXiv:1312. 1328



INAAT—H— EMBTFLET B
s M BNIEEGRIHLEZEZSLDM?

s EYHEKROKRSED (BR. AV, AF2Y)

s EEYIDL VRIS

n KNBYE RO o D BREK
= L‘fhli‘d‘J:*ﬁL (ifi%ﬁ/ 'IL75\7§~L\

~\V/ \H,0
[ HBO

| EEMOE |
o Ay FESTHK

o Smax

6 8 10' 14 20 0.5 1 1.5 2‘ 2.5
ER(Eo0)) ey BERE(EZo0O))







E_DHEknaMrS,. B.E. HEE
DEHLIEBEDEEEZHTET S

s R KRFARFREFZFRAMREYVEFTEI
A RE. ARA BRESR ., A
s ERKRESIEART LR A—
s fgHIE, P EME
s YRR KRE
s Edwin Turner

Fujii et al. Astrophys. J. 715(2010)866, arXiv:0911.5621
Astrophys. J. 738(2011)184, arXiv:1102.3625

http://www.space.com/scienceastronomy/color-changing-planets-alien-life-100513.html




A pale blue dot

RETE 100%NDIEE TRIGIELI=- RS A

SERICfFO R
FHEDED
R ZEI D
=al—y3y

= 7 QAH)
N EKEEH~ 73:77_@75\‘5&%5,\“ Fujii et al. (2010)
s MEKERRIRIZ2 DT —2ZFRAVTEHE




Bk BB T — Mo E SN
T-H R R DREE 77 i X

CLOUD

IGBP classification map

HEE

VEGETATION

SNOW




—RARBITET R

\

\

- ARBITIHDN TV SHE D

V1 X

FRIZEEAL TIE.

UTDHR—LR—=FSHEOIE
m http://www-utap.phys.s.u-tokyo.ac.jp

m http://www-utap.phys.s.u-tokyo.ac.jp/~suto/mytalks.html

s KFE[RECEFZHRETOMEZEDFLREIZITAS
ILTTPRANEEY , I EEEZ >N HE

s FEEFELGYRFRBB IIEMEEEAL, FIZHE

ROEEICIE. RRESLITHAREFIDDEEICTES,

-%*L%*Lﬁﬂ DiaHf. X1E. 3

T—XIFELEAA TNLEDTHELBO TKE

Fis

SBHLHD T, B




#H JE

fRonf-FrEIN CTERBALENZ
MOT=ER R ELUTDTLE%ES
L Tf=aly, HEHIRAHH AL
FRIZERKLTIINMNIE, BEFE
T8 LTEBLES,

KYHLLTIL TSR
http://www-utap.phys.s.u-tokyo.ac.jp/~suto/mytalks.html




AR

ANNALEN

puysIE

£y -

oo roRTOTE™ ’(; oo £ WIEDENANE
SR, 6

(L

o

L W, GBEET, & ®

; GB-
vizBTE FO

BAND 17- o
sos assame s B2
BIUM: UINCKE
ROBATORIOM: o
PLANC

% . SURG-
£, KOHLRAUSCH: WA
. O

RONTGEN: &
SOHAFT
B
srscumx P
pre DEVT ono assses®”
5. PLANCE
e

PABL PRUDE.

youy PIGURENTA
it

LEIPG, 1905

EBLAG YON JOBAY

" B.
X AMBROSIUS i

g

8. Zur Elektroaynamir Yewegter Kiorper;
von 4. Pinstein.

DaB die Elektrodynamik Maxwells — wie dieselbe gegen-
wiirtig aufgefat zu werden pflegt — in jhrer Anwendung suf
Yewegie Korper zu Asymmetrien fubrt, welchy den Phinomenen

licht anzuhaften scheiven, ist bekannt, Man denke z. B. an
dle elektrodynamische Wecbselwirkung zwischen cinen Mag-
uten und einem Leiter, Das beobachtbare Phiinomen hiingt
2% nor ab son der Relativhewegung von Leitor und Magnet,
«iirend nach der ublichen Auffassung die beiden Fille, dag
deveine oder der andere dieser Korper der bewegte sei, streng
ulivander zu trennen sind, Bevegt sich nimlich der Magnet
fubit der Leiter, so entsteht in der Umgebung des Magneten
lektrisches Feld von gewissem Energiewerte, welches an
Irten, wo sich Teile des Leiters befinden, einen Strom

zu elektrischen Stromen von
8elben Verlaufe Voranlassung gibt,
ischen Krifte:
dele &bulicher Art, sowie die miBlungenen Versuch
"gung der Erde relativ zom slichtmedium® zu ke
fibren 2u der Vermutung, "daB dom Begrifie dej
tube nicht nur in der Mechanik, sondern auch in
Iynamik keine Eigenschaften der Ers
mdern daB vielm

wie im ersten

beinungen ent-
n Gleichungen gelten, auch die
d optischen Gesetzo gelten, wie
nung’ bereits erwicsen ist.  Wir
n Inbalt im folgenden |
en wird) zur Voraussots,

‘erdem die mit

Prinzip
ibm nur scheinbar unvert

ung er-
riigliche

SCHAYT
gx QESELLSY
o

s i
T
— B
w. WIE

x
JURENTATE
no

216, 1910
LELP! “C: AMBROSIUS BA
AN

VERUAG VOX P08

RTHE.

1516, i) Bk ’
ANNALEN DER p
B m:x;g f‘qma'lxiign%l

A2
SIK,

1. Die Crunay
age
der allﬂe-me!ncn Relatq l'lla(s!heor(c ]
von 4, .Elnstet‘n. ’
3N Dachfolee
.‘;j‘.::;::‘:d' ;d;-u da.rg(-h,,l(- Theorie bildet gje denk.
“Uendste “Egemeineryy, der Leute al oy
i hm.vt(-u Theorie; gio h-xz‘!:(-n-. —
Teches, dung vor, der €rsteren

Wurde
llen Rq

ate klar
. " machte,

S€OTIe nGtigey, Mathey
b‘ch'l( indem nibsoluten, Diffe
gen von, G, s, R
% sche .\l.umx'f'f.:l(i ke
“evi-Civigy in cin g\ g

¢ angewendeg
y }mh-n Abbang.
T nicht als bol.s

oy )fr:n Hxllsrr.ill(-) inL ot
irchsichtiger Weise entwicke)t
Matischer Literatur 15, dss Ver
icht crforder)iey, ist,
ines Freunde.

moglie)
50 daB iy
PStindnis gor

¢ nichy nu;
&n mathematisel,ey, Literat;
< 4 b “leratur ¢,
b auch by, Suchen nach dep Feldgle; hd
unterstitzge, =



EN=RZOHNY

THE EINSTEIN FIELD EQUATION

B

fiL

RN LED




BNIZKLHEFZED
HH AV

Photograph of stars
when sun (eclipsed
by moon) lies %
as indicated ’*;

Photograph .of stars
when sun swims
elsewhere

] sner, Thorne and Wheeler:
“Gravitation” (1972)

ZERHERE 2003FEEREEISI—TLEVLY



- B H R
R )=

N
20094E7H22H
BE2ARNRESNhD
ETXXA XXiEHtEvy— %:EE E ﬁb‘
Rohsily
1& A o

IS
fira BOKS 09853795068

ngi ??Egggg:j SRS 1085653108
HR

= 10855847 07F)
BOKY 1285265245 BOBA 10855853077

BRI 118009058
BOKRY 12852243378

BDWwE 098537939%)
BORK 1085567705
BORKY 1265175748

R]50.897

KRR
BODIRE 09KF559333F
BOmxA 11612558
BORKRY 1265305205

ERE

BDIHSD 09853573257
BEIDIRE 108553701657
BORK 1085569 28%)
R EEBEDIRY 1085599418

ROk 098325508 B2 L0200
BORKA 10855455078 & %

BOKY 1285209197
B5205319% BOWBS 0985355215

BEEIDIRe 1085559587
BORA  1085567053%)
BHEID Y 1085579748%)
BORY 12652253267

EiIXXE XXEHRtr2—



=Rl

200883 A 1H HEIHER@HEAR
(REPKRZF., HAXXFE£ERRF



LA‘AWM/#" -

2

KE

2008¢8JEJ =
EHHEB@h

EH—R KR

X

B SR

(REKREF, HRARXXE
=ERFRE Y FERET

ZTEEZTER)




N1

— %+ %

= 0D TR ELE

S RAVITATIONAL RED SHIFT

SINGULARITY —»

Y DILERDEH

BENDING LIGHT

[0 2

/’_Lg 4+ REDSHIFTED
\/'
—— 0'/\//\ NO SHIFT

dl

_/\

N |

(FOR COMPARISON)

KENEH R FZE

MERCURY'S ORBIT




>
Lovend 1.4, 73

.'}6’50/&\ Hia '-.'t(‘c,d Ao l‘/()l -

y D ‘«fu./q /téuntl«?e.a/q Wfor. ~
tg‘?4,¢..¢; sormelsd i 0‘4.0““40‘11 ,‘/ﬂqc 81.'4 -
t{dl.dl :[;r/tz‘_m‘.é“ L. ";lbv d"o..‘.

/(IA’A Lt ;%:O}n‘;cpv a/‘u(u,«.

I, ,nd.wu

A ':ﬁ-u.u“‘AuJQ vslagle oluves Ml oitooe
qsw. o, S ke K oy 9 VO
(R SERLLTLE g bttt

fory®

7

-

Sovnt

B sare Mu treas Jto}m.“q -
avtmu&, A5 J e gaeniin Trsseilnn -
o o Aealan. Muu»u-’l'c fe '4-
(ohne .‘fn-«cu/{‘\u&wo'o} 'ML‘ PRPRRSTY IS

/('-O‘\A-Q\CAM




Lo XKk
(&R:n], $RIAIER)
s BT ENGICE->THIITONS

s RIANZEBEDICH(FRINEALUX)

s RIADHIRDEREZ(TH(BLEALUX)

s RIADOBENTOBRBZEINELT S (v/4oaL > X)




HOTHREIN-EALUXZEE »

QSO 0957+561 A, B (z=1.4)

> . - - .
A »

Walsh, Carswell and Weymann (1979)



0957+561 A, Bt EH{E EFREI=E

= QSOMBERSH =M FFfH
kY. . BAA—TM
HN—FENh TS
75\1075\6
METILEDLEER
ott) INYTILTEEMN
HEETES (Kundic
et al. 1997)

1'I'

H,=64x13km/s/Mpc



55U E AL 2 X QBRI (HST)

' “"&* ; . * ‘ ‘

Y = .:‘
’

Gallery of Gravitational Lenses HST -
PRC99-18 « STScl OPO -« K. Ratnatunga (Carnegie Mellon University) and NASA

Gravitational Lens G2237+0305



TA AR A()F

Einstein Ring Gravitational Lenses

Hubble Space Telescope = ACS

-

-

JO073728.45+321618.5

.

f

J095629.77+510006.6

@

J120540.43+491029.3

-

-

~

J125028.25+052349.0

J140228.21+632133.5

J162746.44-005357.5

. .-

J163028.15+452036.2

J232120.93-093910.2

NASA, ESA, A. Bolton (Harvard-Smithsonian CfA), and the SLACS Team

STScl-PRC05-32



$RAIE Abell 2188

' Ttk
<
- P . ; ‘
\ ’a"’, o
. . ’ - ‘
" ' .‘ . . .
‘- b & . (e » '
’ L .

R @ il

Galaxy Cluster Abell 2218
Hubble Space Telescope e WFPC2

- 3 . ' e
P L ) y »

Distant Object Gravitationally Lensed by Galaxy Cluster Abell 2218 HST ¢ WFPC2
NASA, ESA, R. Ellis (Caltech) and J.-P. Kneib (Observatoire Midi-Pyrenees) ® STScl-PRC01-32




Distant Gravitationally Lensed Galaxy
Galaxy Cluster Abell 1689

Hubble Space Telescope
ACS/WFC NICMOS

g

T - VAL TR o :
- TR ' e W .o . ¥ * J[uabktion 7
. ‘ ’. - % : . ‘ “ o - . N e ‘ lHubb’e‘ : o 2y >

-

Infrared Light
Hubblg ’

Infrared Light
Nellvd-lg

NASA, ESA, and L. Bradley (JHU), R. Bouwens (UCSC), H. Ford (JHU), and G. lllingworth (U

CSO) STScl-PRC08-08a



FTIEEINREBRROIT—H—FEHLUX

IS 5.2 JIRSLERDER FEE. KEEHSDSSYT IL—T
> ST  f o B Nature ¥6 (2003) 810
l/./XﬁE;EI. WL - - HI—H—

(g 621%;'559 e --=="" % SDSS_31004

-
- -

e ok (98BS E)

-—
- —_-
—

—-—
-
-

—
-
-

’_‘——

SDSS D E[§



NI IIVFHERFECHRALE:

EHLUX SDSS J1004+4112 3
' EALUXE Al e
oo RIHERA ¢ * - -

>

o 4 = mEEz xER= 2003415 R



SDSSJ1004+4112MARIRILELV XET IV

(=]

relative dec. (arcsecond)

_ @ observed
« predicted

AN
o

E
o
-
a
w
(=)]
=
)
—
=
(]
——
=
o
O
@
w
—
o
-
@
P
=
=
w
c
@
=
>
=
=

, | x source quasar position
] ] 1 ] ] I I I I I | I ] 1 | 1 1

1 | 1
4000 6000 8000 0 -10
wavelength (angstroms) relative R.A. (arcsecond)

Inada et al. Nature 426 (2003) 810




! i
‘
'.’. -
.
0
" ..
\ o’ :.

SDSS J1004+4112 -




AREDRHS

z=03IC10“KIZE=NDEHL
EEIZFEINSGAA—D

\I







’)"‘\—779—2@75:0)%%

T N\YA AR . -
= . fmmoe s Hgh— 2 DM ERAH D IE EEZE

3 4

=P 3—FEDFEFTVIRIT. ARIZHEEERADOE-OER




FATAAL 2 XIZ&EAHAMACHOIEE

H—4H\A—
(FEEYE)

» SR ZR/NO—D
MACHOX&KIZ& S
sANA /AL X
IR TKIESY
EZQEMNERT
HIEZTIRT

MACHO ;

(Massive Halo

Compact
Object)

S e KRHESVER



£

H3A4oaLXIZ&BEIL

s M ~Mg DEEA ~uarcsec
n BHREITRAS

MOA-2001-BLG-2 = ngbl-3-28868

(BAHERKRF FERK)

) . ] e e
1860 1880 2000 2020



MassweCompact Han ObJectd)%ﬁ

387. : T Day 352, 4) 420, 4§
¢ * -, ; ‘ | h " - 3 n

%@Jliﬁﬁ.,é:ﬂf:ﬁ'\"f ~a l/?/fﬁ (Alcoc et al. 1993)



Tl rrr[rrrrrrj

rrrrprrri

rrrryriTrid
T

l 1 1 1 I 1 1 1 I 1 1 1 I 1

l 400 420 440 480
days from 2 Jan 1992




RN RF —OII—DFARKL

m AR/ NA—IZIX
A FEHZMACHO H7E

e ||
vmsamie — N\ | RS AEYNCIOIRY:
with 4 candidates :..-" b 11:1&‘
Y B \NAB—2&KIZHD
HSEEIIEIFEE (D
FY. TS DOFE—

II3—HLFHET D)

MACHO mass fraction
107 0t 0t o0t 10t 10f 0t 1 Lasserre et al. (2000):
Mass of the deflectors (M,) EROS collaboration

Halo mass fraction (%) .
[e4]
(e

(o))
o




RAOL Az AN-RNZRERE

. . ’ ' -
§ 'V." ....A°_'.oo-'ov|"‘..-. v

Observer YO
. . . Lens

(BEEKRS EEEK)







IAALATHREINT-ZIDRIIRE
OGLE 2003-BLG-235/MOA 2003-BLG-53

=]

o
A

]
£

o
©
=

& Einstein ring

K L
. ¢ ~
2840 2860 2880 planet J
HJD - 2450000

REER: WMy DEEE: ~3AU

OGLEA'200346H822HI(=. MOAH20034F7 218 £
(BEEKXE FEERK)

~
~
~ -




FALVADFEED

s —ARFEXTERRIER R (I 4575\75\1’)'9'5— T
JLZ_%T’&)E,;Y‘E’]—C L\
s FEHOILDTWVEWLWRSZIENS I =—
773 FEZIRIET S
s =T R—
n [EKCTRAGZLVEAXRAE
s RVRE




Known unknowns and unknown
unknowns: astronomy vs. physics

e

"\ - known knowns unknown
- 4.6% unknowns

.-.‘-"4""‘ baryons |
712%
d‘% dark matter known
unknowns
et “." [l dark energy 23%

—\L,

Yasushi Suto pepr. of Phys., The University of Tokyo

& Global Scholar, Dept. of Astrophys. Sci., Princeton University

XVI International Symposium of Multiparticle Dynamics (ISMD) 2011

September 28, 2011
@Miyajima Morinoyado Inn, Hiroshima, Japan



Nightfall: We didn’t know an
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= No “night” on “Lagash” except the toaI cIipse due
to another inner planet every 2049 years

= People realized the true world for the first time
through the darkness full of “stars”

(eqeH esily)



Issac Asimov: Nightfall

ccccccccc

ThriIIing, Terrifying =

Tales from the : [ | “nght !” he Screamed.

Master of Science Fiction

isaacasimov  Aton, somewhere, was
N“}H'":All crying, whimpering

‘AND OTHER sToREEs | horribly like a terribly

- frightened child.

“Stars -- all the Stars --
we didn't know at all. We
didn't know anything.”
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a famous American philosopher
and poet D.H.Rumsfeld

The Unknown

As we Know,

There are known knowns.
There are things we know we
know.

We also know

There are known unknowns.
That is to say

We know there are some things
We do not know.

But there are also unknown un-
knowns,

The ones we don't know

We don't know.

—PFeb. 12, 2002, Department of
Defense news briefing




Composition of the universe

known knowns unknown i tt
4.6% unknowns atom Or Inary ma er

72% makes up merely 5
known
unknowns (ba ry0nS) percent

23%

dark matter

galaxies and clusters are
surrounded by invisible mass an
order-of-magnitude more massive
dark energy than their visible part

even more exotic component !

homogeneously fills the universe (unclustered component)
repulsive force (negative pressure; P=-p?)

Einstein’s cosmological constant ?

or just an illusion ...




Dark matter
and dark energy:
215t century clouds Eu fiet |31 )0,
over the universe? {7

http://www.physics.gla.ac.uk/Physics3/Kelvin_online/clouds.htm

= Lord Kelvin @ Royal society on April 27, 1900

= beauty and clearness of theory was overshadowed
by two clouds

= Dark matter and dark energy in the 21st century
= Two dark clouds in astronomy? — No !
= Two probes of new physics? — Yes (hopefully)



CVs of the two dark clouds

name dark matter dark energy

maiden missing mass cosmological constant
name

year of 1933 1917

birth

father Fritz Zwicky Albert Einstein
candidates |lightest super— vacuum energy, unknown

symmetric particle, | scalar field, leaks to
axion, ALP, WISP |extra—dimension

weight 23 percent of the |72 percent of the
universe universe

character |attractive repulsive




Dark matter
In the universe



Observational signatures of dark matter

NGC 4378

= Flat rotation curves ppsirgs —-
of galaxies o

= Multiple images of
quasars due to
gravitational lensing




Mirag‘e from the universe 10 billion
years ago (SDSS J1004+4112)
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Discovered by N. Inada and*M. Ogurl at Univ. of Tokyo in 2003 from SDSS |mages
: and @i#en confirmed by Subaru and Keck .
- _Inada et al. Natue 426(2003)810 .
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http:// hubeeS|te org/newscenter/newsdesk/archive/releases/2006/23/

Light emitted from

quasar bends around

intervening galaxy cluster,
producing lensed images*

QSO at 10 billion
light years away

Galaxy cluster at 6 billion light
years away

——

Gravitational Iens
SDSS J1004+4112
general relativistic mirage
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Gravitationally Lensed Quasar in Galaxy Cluster SDSS J1004+4112 HST = ACS/WFC
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Looking toward the edge of the
/ umverse has revealed the presence
e e - * - ofdark matter

2 ; * 2 P " 8

NASA, ESA, K. Sharon (Tel Aviv University) and E. Ofek (Caltech) STScl-PRC05-23



Bullet clyster (1E 0657-56)
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Implies collisionless dark matter

Hydrodynamical merger simulation

red: baryon gas
blue: collisionless dark matter

Head-on collision of two galaxy clusters

4

’ I

Dark matter passes through, and gas interacts, shock-heated and emits X-ray




Dark matter: _
from astronomy to physics

= Astronomical observations unambiguously
proved the existence of dark matter

m Astronomy does not require any specific form of
Lagrangian of dark matter particles

s From unknown unknowns to known unknowns
= On-going/up-coming physics experiments will
identify the elementary particle responsible for

dark matter in the universe
m Particle physics will specify the Lagrangian
= From known unknowns to known knowns



Dark energy
INn the universe



Are there any unknown unknowns that
distribute homogeneously in the universe ?

= Objects are usually identified only through
differential measurements

= Visible matter: contrast between dark and bright
regions

= Dark matter: spatial clustering dynamically and
gravitationally traced by visible stars, galaxies
and quasars

= Is it possible to identify the existence of a
homogeneously distributed component ?

m differential measurements in time domain
(cosmic acceleration, structure growth)




Expanding the expanding universe

= Expand the “size” of the universe around now

da 1 d*a
a(t) =a(t, )+E (t- 0)+5? (t- to) +-

fo f

= current size:
(W] < the value itself has no physical meaning

= current expansion rate: the Hubble constant
da | dt < unpredictable: basically

H, = determined by the initial condition

a |, (can be either negative or positive)

m current acceleration rate: the deceleration parameter
ad’al df? & related to the cosmic energy

gy =—— density via the Einstein eq.
a7 9M (should be positive)

0




Cosmic acceleration vs. dark energy

dark energy
72.1£1.5%

'atom (baryon)
| 46024

cosmic Implies something unknown!
. acceleration

Universal repulsion?

- Cosmological constant?
Dark energy?

Modified gravity?

SN la
CMB

Size of the
universe




Universe should not be accelerated !
= Newton’s inverse square law

= Pressure contributes to gravity

= Negative pressure required for acceleration
= Cosmological constant: ppe=-ppe

= More generally, dark energy: ppe=Wppe With w<-1/3
= General relativity is inaccurate at cosmological
scales ? (modified gravity theories)



From cosmological constant to dark energy

= 1916: general relativity
= 1917: Einstein’s static universe
= After 1980's: vacuum energy density

Dark energy
(matter field)

= Observed value:

The worst discrepancy
in the history of physics !



Dark energy and the equation
of state of the universe

= Parameterized equation of state

= (pressure) = W X (density)
= W=0: dark matter, baryons
= W=1/3: photons
=w=-1: cosmological constant

= Poisson eq. in GR : Ap=4nG(p

+3p)=4nGp(1+3w)
w<-1/3 = repulsion force



w=-1 or not: that is the question

= p=wp (W<-1/3)
= Negative pressure: dark energy
= More generally w may change with time

= conventional but not unique
parameterization:
w(a)= wy+w_(1-a) where a=1/(1+z)
= W,=-1 or not 777
O Wa=0 or not ???
mWy=-1 & w_=0 7??? (cosmological constant)



Observational signatures of
dark energy

m cosmic acceleration
= geometry of the universe
= evolution of structure

= 4 major probes
= Supernova Hubble diagram
= Cosmic Microwave Background
= Gravitational lensing (galaxy imaging-survey) |
m Baryon Acoustic Oscillation (galaxy redshift survey)




Standard ruler: baryon acoustic
oscillation (BAO) Ie th

o nd horizon length at recombination(=c,x0.37Myr)
m F.=147 (Q,, h*/0.13)°% (@, h®/ 0.024)*% Mpc

= Estimate the distance to the CMB last-scattering surface
using the above as a standard ruler



Acoustic oscillations detected

CMB photons : LI ‘
WMAP 3yr z=04 | Elsenstem et aI.
(Spergel et al. 2007) . " (2005) |
< z=1000 {2
0.02 | X
0.00 | P
.., .ODSS galaxy

¢orrelation function 0.

Comoving Separation (h-! Mpc)
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Baryon acoustic oscillation
(BAO) as a standard ruler

= Distance measurement at different epochs

= Promising methodology to observationally
constrain dark energy

Difference in time domain
Picture credit: Bob Nichol



Required accuracy of the BAO
scale measurement to constrain w

= 3% accuracy of
W requires to
determine BAO
scale at z=1
within <1%

= = Needs

bigger surveys
of galaxies

3

redshift

Nishimichi et al. (2007)



Sub-percent level accuracy is demanding
even for theoretical templates

= Best analytic model of nonlinear gravitational
evolution: Taruya et al. (2009)
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International Research Network for Dark Energy
(JSPS, core-to-core program 2007-2012)

DENE
Princeton U. MT Institut

Dept. of == i d’Astrophysique

- Univ. of Tokyo [ -
Astrophys. Sci. g o de Paris

coordinator Early Universe coordinator

Edwin Turner coordinator Jerome Martin
CMB Yasushi Suto

Gravitational lens Modified gravity
Baryon oscillation .‘:E’ Extra-dimension
ry 1 backreaction

Nag_oya
Edinburgh U.
Royal Obs. 72.1£1.5%
coordinator [l Theoretical model | atom (baryon)

dark energy

Baryon oscillation dark matter / 4.6+0.2%
John Peacock Weak lens mapping 23'31#1'30/"/

7




Future dark energy surveys

= DES: Dark Energy Survey (Fermi Lab+, 2011-?)
= Imaging galaxy survey
= 5000 deg?2@Chile 4m telescope
= LSST: Large Synoptic Survey Telescope (SLAC+, 2016-?)

= Imaging galaxy survey
= 20000 deg’@Chile 8.4m dedicated telescope

s SUMIRe HSC: Hyper Suprime-Cam (Subaru+l|>rinceton
+Taiwan, 2012-)

= Imaging galaxy survey (1.5deg FOV)
= 1500 deg2@Subaru 8m telescope

= SUMIRe PFS: Prime Focus Spectrograph (Suibaru
+US, France, Taiwan,Brazil,,, 2016-?7?)
= Spectroscopic galaxy survey (1.3deg FOV)
= 2500 fibers, 10000 galaxy redshifts a night




Galaxy survey project: SuMIRe

Subaru Measurement of Imaging and Redshift of the universe

= PI: Hitoshi Murayama (director of IPMU,
U. of Tokyo)

= Japanese Institutes in charge: IPMU, The
University of Tokyo, NAO]J,,,

= Imaging survey with HSC (Hyper-
Suprime Cam)
= Japan + Princeton + ASIAA (Taiwan)

= Spectroscopic survey with PFS (Prime
Focus Spectrograph)

= Japan + US, Taiwan, France, Brazil,,,



SuMIRe is pronounced as S-me-lé

= Don’t pronounce SUMIRE as Smile
n ] =[i] # [ai]
s E=[e] # silent
= Don’t care whether R or L
= “R=L"is the most well-known identity in Japanese




HSC: Hyper-Suprime Cam

= Japan+Princeton+ASIAA (2012-2016)
= Imaging galaxy survey (1.5deg FOV) g,r,i,z,Y
= 200 nights for 1500 deg? wide survey for weak lensing
= 100 nights for deep surveys of galaxies
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1" I/F to the
Telescope
Inner Hub

Presented at DENET-Princeton conference (2009) by Satoshi Miyazaki (NAOJ)



PFS: Prime Focus Spectrograph

= Japan+ (2016-2020 ???)
= Spectroscopic galaxy survey (1.3deg FOV)
= 2500 fibers, 10000 galaxy redshifts a night
m BAO galactic evolution, Galactic archaeology

Angular Diameter Distance

-~ WFMOS Prime Focus Instrument (PFI) -
- L JPL/CaItech WFMOS - BOSS 0.45<2<0.65
\!\ deS|gn on Subaru x

2 Fl Fixed Pla
P oS «
’ ~ ¥ -y
o, —, p < iber Opt N
1 Structure XF = 3 =3 4 — Strain Relief Box SuMIRe PFS z~1
| | T A g 2 -
\ » | g kY v } 8
1 \ i |
] W8 Scpment Tube sl | | z~0. e 5
I - C
\ RS | ) i
|4 | |
! i < | [ |

v=3.1A"%Gpc® (10000 deg?)

0.6<z<1.8
V= 679h Gp
(2000 deg?)

presented at DENET summer school (2009) Courtesy of
by Mike Seiffert (JPL/Caltech) Masahiro Takada (IPMU)



Without dark sky,
one could have never
imagined ...
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Hopefully soon, we will recognize
that we didn’t know anything!

known knowns unknown
4.6%

unknowns

known
unknowns

23%

: ~ dark matter
Our current-best picture

of the universe s 4 il dark energy

Have we made progress at all ?



Spatial extent of dust
from stacking image analysis of SDSS
galaxies over IRAS and AKARI maps

Ng=5042565
=20.0-20.5

<
£
O
=
S,
>

X [arcmin] X [arcmin]
Yasushi Suto Department of Physics, The University of Tokyo

15:30-16:00 November 5, 2014 The 6t KIAS workshop on
Cosmology and Structure Formation



Top 5 cited papers in astronomy
lmm_

Schlegel,
Finkbeiner &
Davis (1998)

Perdew &
Zunger (1981)

Perlmutter et
al. (1999)

Riess et al.
(1998)

Spergel et al.
(2003)

Maps of Dust Infrared Emission for Use in
Estimation of Reddening and Cosmic
Microwave Background Radiation
Foregrounds

Self-interaction correction to density-
functional approximations for many-electron
systems

Measurements of Omega and Lambda from
42 High-Redshift Supernovae

Observational Evidence from Supernovae
for an Accelerating Universe and a
Cosmological Constant

First-Year Wilkinson Microwave Anisotropy
Probe (WMAP) Observations: Determination
of Cosmological Parameters




Nature 514(2014) 550-553, Oct. 30 issue

9 CITATIONS (13,104,875 items)

1,871 citations

‘ement with the folin phenol reagent (1951)

Cleavage of structural proteins during the assembly of head of
the bacteriophage T4 (1970)

A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding (1976)

DNA sequencing with chain-terminating inhibitors (1977)

Single-step method of RNA isolation by acid guanidinium
thiocyanate-phenol-chloroform extraction (1987)

Electrophoretic transfer of proteins from polyacrylamide gels
to nitrocellulose sheets: procedure and some applications (1979)

Development of the Colle-Salvetti correlation-energy formula
into a functional of the electron density (1988)

Density-functional thermochemistry. Ii. The role of exact
exchange (1993)

A simple method for the isolation and purification of total
lipides from animal tissues (1957)

CLUSTAL W: improving the sensitivity of progressive multiple
sequence alignment through sequence weighting, position-
specific gap penalties and weight matrix choice (1994)

= Stacking the first page of all
published papers almost
reaches the top of Mt.
Kilimanjaro (h=5800m)

= Only the top 1.5m (1.5cm)
has citations >1000 (10000)
= O citations at h=2500m
= 1-9 citations at 4400m
= 10-99 citations at 5700m

= the mountain is dominated
by a completely invisible
component & stacked dust !



A closer look
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The most cited paper in history

Rank: 1 Citations: 305,148
Protein measurement with the folin phenol reagent

Lowry, O. H., Rosebrough, N. J., Farr, A. L. & Randall,
R. J. J. Biol. Chem. 193, 265-275 (1951).

= The most cited work in history, for example, is a
1951 paper describing an assay to determine the
amount of protein in a solution. It has now gathered
more than 305,000 citations — a recognition that
always puzzled its lead author, the late US
biochemist Oliver Lowry. "Although I really know it is
not a great paper ... I secretly get a kick out of the
response,” he wrote in 1977.

from Nature article in Oct.30, 2014 issue




Discovery of the anomaly in the SFD

Galactic extinction map

using SDSS galaxy number counts

e K.Yahata, A.Yonehara, YS, E.L.Turner,
T.Broadhurst, & D.P. Finkbeiner

Publ.Astron.Soc.Japan 59(2007)205
.Kashiwagi, YS, A.Taruya, I.Kayo,

.Nishimichi & K.Yahata
submitted to ApJ (2014)



SFD Galactic extinction map

s The most
fundamental dataset
for all astronomical
observations

= True large-scale
structures revealed
only after the
extinction correction

10 1.00
E(B-V) [mag]

Galactic extinction E(B-V) map ® Its reliability is of
(Schlegel, Finkbeiner & Davis Vltal_lr_nportance in
1998; SFD) precision cosmology



SFD procedure to construct
the Galactic extinction map

= COBE 100pm+240um maps (0.7deg.pixel)
= Remove zodiacal light and cosmic infrared background

= Dust temperature map = temperature-dependent
emissivity corrected 100pm map

= Calibration of higher angular-resolution IRAS 100um
map (5 arcmin. pixel)

s Assume dust temperature
E(B'V)=p11oome(T) correction factor

at each region and determine p~0.0184 from the data

= Convert E(B-V) to A, .4 adopting R,=A,/E(B-V)=3.1



A, map in SDSS DR7 survey region

3.6x10° galaxies (17.5<r<19.4) in 7270 deg?
from SDSS DR7 photometric catalog

northern hemisphere

"-SFD Galaxy/
| extmctlon map

(o)}
o
o
o

N
o
o
o

T T T[] ]

area(<A, ;p)[deg?]

D O L N T I Y I (|
0.1 0.2 0.3

Ar SFD [mag]
Kashiwagi et al. (2014), Yahata et al.(2007)




Estimating Galactic extinction from
SDSS galaxy surface density

SDSS DR7 survey
area (color coded
according to A¢,

north hemisphere

high extinction <

= divide the SDSS DR7 survey area into many small regions
according to A

= combine those non-contiguous regions into 84 bins for Agqp
with ~100 deg? each

= compute the SDSS galaxy number density S_., for those bins

gal



Anomaly of SDSS galaxy surface density
Sgar @s a function of Ag,

n If Ay IS perfect, we expect that

= Before correction: S , should monotonically
decrease as a function of A¢

= After correction: S, should be constant

550F

500/

45CE

400

350

300
0.0

W |
DR%H »

before correction

0.1 0.2 0.3

A, srp [Mmag]

MM after correctio

|

04

(cosmological principle!)

= OK for Ay >0.1, but guite
the opposite for Agep <0.1
s ~70% of the SDSS survey

area has A¢p <0.1 !

= First pointed out by Yahata
et al. (2007) for DR4, and
confirmed by Kashiwagi et
al. (2014) for DR7




Origin of the anomaly

= A IS estimated assuming that the
extinction is proportional to the FIR
emission flux (100um)

= the anomaly indicates the positive
correlation between galaxy surface density
and the FIR flux at least where the real
extinction is small

4100um flux = Galactic dust + galaxies

= contamination by the FIR emission from
galaxies proposed by Yahata et al. (2007)




Direct detection of FIR
emission of galaxies

= FIR emission of a majority of SDSS
photometric galaxies is weak and
cannot be detected individually.

= Can we detect their FIR emission
statistically through stacking SDSS
galaxies over the SFD map ? = Yes !

Kashiwagi, Yahata & YS
Publ.Astron.Soc.Japan 65 (2013)43



Stacking analysis of SDSS galaxies
on the SFD map
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Magnitude dependence

Stacking SDSS galaxies (15.5 < mr < 20.5) over SFD map
according to their r-band magnitude (Am; = 0.5)
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Stacking image analysis of SDSS
galaxies on AKARI FIS 90um map

= AKARI (February
2006, launched)

s FIS (Far-Infrared
Surveyor) 65, 80,
140 & 160pm

= AKARI PSF (FWHM)
= 98" (in-scan)
= 55" (cross-scan)

g [MJy/s1] = C.f., IRAS

Arimitsu et al. (2014) PSF@100pm ~6&




Stacked images of SDSS galaxies
on AKARI@90um
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Angular resolution: IRAS vs AKARI

Ng=5042565
=20.0-20.5

= Due to the poor angular resolution of IRAS,
the FIR flux of stacked image is dominated
by clustered galaxies, not by the central
single galaxy




Angular resolution: IRAS vs AKARI
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= Due to the poor angular resolution of IRAS,
the FIR flux of stacked image is dominated
by clustered galaxies, not by the central
single galaxy




Numerical and analytic
models to explain the
anomaly of SFD map from
the FIR emission of galaxies

e T.Kashiwagi, YS, A.Taruya, I.Kayo, T.Nishimichi
& K.Yahata

submitted to ApJ (2014)



Analytic model for S, with
contamination of FIR galaxy emission

= Poisson distributed galaxies (spatial clustering is
ignored)

= Log-normal PDF for y= (VL);pq,m/(VL), Of €ach
galaxy (characterized by y,,q and Y,s)

= Compute the PDF of the additional extinction
(converted from the FIR emission of galaxies) for
a pixel on the SFD map with N galaxies P\ (AA)

= Compute N(A') and Q(A)= Sy, (A) where A'=A+AA
= Very good agreement with mock simulation results



Mock simulation vs. analytic prediction
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Fit to the observed SFD anomaly
using

B, C, D (analytic model)
0.3 0.4

ArsFp [mag]

= Observed anomaly is reproduced by our current
FIR galaxy emission model reasonably well, even
if not completely




The spatial extent
of the dust:

- associated with individual
galaxies or extended over
their common halos ? -

o T.Kashiwagi & YS: in preparation



Intergalactic dust is universal?

http://www4g50. orq/~1I|ske/qsoaI/

" Foreground
\ . )
T o galaxy . g
L R, & Background
e DU ', quasar

Intervening dust

= Ménard, Scranton, Fukugita & Richards:
MNRAS 405 (2010) 1025

= Measure the reddening of background quasars due to the
dust of SDSS galaxies from <0mq(®)o,(P+6)>

= Detected the presence of dust from 20kpc to several Mpc



Spatial distribution of
intergalactic dust ?

0 —0.8640.19
(E(g —1)) @) =(1.5£04) x [ope ( , >
| arcmin
Ménard et al. (2010)

= Extended much beyond
each galaxy ?

= Sum of dust associated
with galaxies ?
= Very similar to the galaxy

angular correlation
function power-law...




Stacking IRAS map to detect 100um
emission of SDSS galaxies

= MSFR measure the absorption of dust

= Combining with the measurement of the
emission of dust of galaxies, we constrain
the dust temperature, which would
distinguish intragalaxy and intracluster dust.
= Repeat the same stacking procedure
= SDSS galaxies with 17<m;<21 that MSFR use

= decomposition into three terms
Itotal(ea mz) — lsingle (97 mz) + Iclustering(97 mz) +C



Emission and absorption of dust

= Optical depth (extinction=scattering+absorption)
T(0,\) = Kext(A)2q(0)

m Color excess

‘ ‘25 rest rest -
By-i(8,2) = == |7(8,05(2)) = 7(6,X(2)) |

B(Xi8um> Ta(2) ) TN ie0um (2))

el €> — In 10 ! W f"'abs(/\rl%sot/,um.(f))

2 3 (]_ -+ 7)4B(/\§%S()turn(€)Td(:_))

o (/\gest( = )) — Kext (/\,‘l?eSt(E ))




constraining the dust temperature

= The ratio of emission and absorption compared with
MW and SMC models (Weingartner & Draine 2001)

http://www.astro.princeton.edu/~draine/dust/dustmix.html

= consistent with typical dust
temperature of galaxies
(~20K)
= MSFR and we observed the
absorption and emission of

the same component,
respectively.

= Temperature of cluster/
intergalactic dust ???
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Summary

= Detection of FIR emission from SDSS galaxies by
stacking image analysis over the SFD (IRAS@100um)
and AKARI FIS@90um

= Largely explains the anomaly of SDSS galaxy number
counts discovered by Yahata et al.(2007)

= The dust is unlikely to be extended over the cluster

halo scales (~1Mpc)

= The estimated dust temperature of ~20K is close to the
dust temperature of galaxies

= The amount of dust is consistent with that expected to be
associated with SDSS galaxies from stacking analysis




Future prospects

= A new probe of unresolved (dusty) galaxy
spatial correlations and/or dust profile of the
hosting halo

= Possible correction to the SFD map and a
future Galactic extinction map by Planck

= FIR emission from SDSS quasars is also
detected by stacking analysis, which we plan
to explore in future
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Stacking SDSS quasars

Similar stacking analysis of SDSS photometric
quasar catalogue (Richards et al. 2009) indicates

the FIR signals as well.
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Profiles of stacked quasar IELES

mr=15.5-16.5

: * quo
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proflleandbes it _ L b
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0

Best-fit decomposition into the
single and clustering terms

Quasars stacking should deserve further study...
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HST detects
additional sodium
absorption due to
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Among the recently discovered transiting extrasolar plane-
tary systems, 1.e., TrES-1 by the Trans-Atlantic Exoplanet Sur-
vey (Alonso et al. 2004) and OGLE-TR 10, 56, 111, 113, 132
by the Optically Gravitational Lens Event survey (e.g., Udalski

et al. 2002¢, 2002b, 2002a, 2003; Konacki et al. 2003; Bouchy
etal. 2004; Pont et al. 2004), TrES-1 has similar orbital period and
mass to those of HD 209458b, but its radius 1s smaller. Thus, 1t 1s
an interesting target to determine the spin parameters via the RM
effect; if its planetary orbit and the stellar rotation share the same
direction as discovered for the HD 209458 system, 1t would be an
important confirmation of the current view of planet formation out
of the protoplanetary disk surrounding the protostar. If not, the
result would be more exciting and even challenge the standard
view, depending on the value of the misalignment angle 4.

We also note that the future satellites COROTand Kepler will
detect numerous fransiting planetary systems, most of which
will be important targets for the RM effect in 8-10 m class
ground-based telescopes. We hope that our analytic formulae
presented here will be a useful template in estimating parame-
ters for those stellar and planetary systems.

In conclusion, we have demonstrated that the radial velocity
anomaly due to the RM effect provides a reliable estimation of
spin parameters. Combining data with the analytic formulae for
radial velocity shift Av,, this methodology becomes a powerful
tool in extracting information on the formation and the evolu-
tion of extrasolar planetary systems, especially the origin of
their angular momentum. Although it is unlikely, we may even
speculate that a future RM observation may discover an ex-
trasolar planetary system in which the stellar spin and the plan-
etary orbital axes are antiparallel or orthogonal. This would
have a great impact on the planetary formation scenario, which
would have to invoke an additional effect from possible other
planets in the system during the migration or the capture of a
free-floating planet. While it is premature to discuss such ex-
treme possibilities at this point, the observational exploration of
transiting systems using the RM effect is one of the most im-
portant probes for a better understanding of the origin of ex-
trasolar planets.
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Rossiter-McLaughlin effect

From Wikipedia, the free encyclopedia

The Rossiter-McLaughlin effect is a spectroscopic phenomenon observed when either an
eclipsing binary's secondary star or an extrasolar planet is seen to transit across the face of
the primary or parent star. As the main star rotates on its axis, one quadrant of its
photosphere will be seen to be coming towards the viewer, and the other visible quadrant to
be moving away. These motions produce blueshifts and redshifts, respectively, in the star's
spectrum, usually observed as a broadening of the spectral lines. When the secondary star
or planet transits the primary, it blocks part of the latter's disc, preventing some of the
shifted light from reaching the observer. This causes the observed mean redshift of the
primary star as a whole to vary from its normal value. As the transiting object moves across
to the other side of the star's disc, the redshift anomaly will switch from being negative to
being positive, or vice versa. This effect has been used to show that as many as 25% of hot
Jupiters are orbiting in a retrograde direction with respect to their parent stars,l1] strongly
suggesting that dynamical interactions rather than planetary migration produce these
objects.

’

SS
é

llustration showing the effect. The viewer is situated at the bottom. Light from the anticlockwise-
rotating star is blue-shifted on the approaching side, and red-shifted on the receding side. As the
planet passes in front of the star it sequentially blocks blue- and red-shifted light, causing the star's
apparent radial velocity to change when it in fact does not.

History

J. R. Holt in 1893 proposed a method to measure the stellar rotation of stars using radial
velocity measurements, he predicted that when one star of an eclipsing binary eclipsed the
other it would first cover the advancing blueshifted half and then the receding redshifted
half. This motion would create a redshift of the eclipsed star’s spectrum followed by a
blueshift, thus appearing as a change in the radial velocity in addition to that caused by the
orbital motion of the eclipsed star.[?]

Further reading

= Ohta, Y.; Taruya, A. & Suto, Y. (2005). "The Rossiter-McLaughlin Effect and Analytic
Radial Velocity Curves for Transiting Extrasolar Planetary Systems". The Astrophysical
Journal 622 (1): 1118-1135. arXiv:astro-ph/0410499 (http://arxiv.org/abs/astro-

en.wikipedia.org/wiki/Rossiter-McLaughlin_effect
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1. ~ Anderson, D. R. et al. (2009). “WASP-17b: an ultra-low density planetin a
probable retrograde orbit” (http://ads.nao.ac jp/abs/2009arXiv0908.1553A).
The Astrophysical Journal Submitted.

.~ Narita, N. et al. (2009). “First Evidence of a Retrograde Orbit of a Transiting
Exoplanet HAT-P-7b” (http://ads.nao.acjp/abs/2009PASJ..61L..35N).
Publications of the Astronomical Society of Japan 61 (5): L35-L40.

Ohta, Y et al. (2005). “The Rossiter-McLaughlin Effect and Analytic Radial
Velocity Curves for Transiting Extrasolar Planetary Systems”
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Measurement of Spin-Orbit Alignment

in an Extrasolar Planetary System
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Joshua N. Winni, Robert W. Noyes!, Matthew J. Holman?,
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= Type I migration
= Low-mass planet - spiral wave in the gas disk
= Type II migration
= High-mass planet - gap in the disk
= Gravitation scattering
= Planet - planet Simulation by Phil Armitage
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Solange Ramirez solange@ipac.caltech.edu utap.phys.s.u-tokyo.ac.jp £H 2013/10/31
To masuda, keplernumber '~
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Dear Kento Masuda,
Congratulations on the publication of your discovery of the planetary system around KOI-94 (KIC 6462863).

It is our policy to assign Kepler numbers to all confirmed planets that have been observed by the Kepler Mission.
The Kepler name that corresponds to KOI-94 is Kepler 89, with the same planet letters as assigned in your paper.

We look forward to seeing more planets confirmed by your group.
Thanks,

Solange V. Ramirez
(on behalf of the NASA Exoplanet Archive)
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Benomar et al. 2014, PASJ 66, 9421,
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Non-radial oscillations Y (8,)
(spherical degree |=1)

azimuthal order
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Non-radial oscillations Y, .(6,®)
(spherical degree |=2)
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Stellar inclination (1=3)

m=%3 m=%2 m==%1 m=

T.L. Campante, arXiv:1405.3145
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Kepler-25&HAT-P-7 M spin-orbitH

- Kepler 25 (2EFSVUUYRRE R)
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= HAT-P-7 (8177 £ 1% 7#)
. 2 EEIERNE i =27° 3,
= 512 A=186° +10°
s SRTTH Y=1220430_,

Benomar et al. 2014, PASJ] 66, 9421, arXiv:1407.7332
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HST detects Wavelength (nm)
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e > absorption due to Normal
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FIG. 1 a, Galileo long-wavelength-visible and near-lnfrared spec

the Earth over a relatively cloud-free region of the Pacific Ocean, north
of Borneo. The mcndence and emission angles are 77° and 57° respec-
tively. The (b’\ —X’y_ ) 0-0 band of O, at 0.76 ym is evident, along
with a number “of H70 features. Using several cloud-free regions of
varying airmass, we estimate an O, vertical column density of 1.5 km-
amagat + 25%. b and ¢, Infrared spectra of the Earth in the 2.4-5.2 um
region. The strong vz CO, band is seen at the 4.3 um, and water vapour
bands are found, but not indicated, in the 3.0 um region. The v; band
of nitrous oxide, N;0, is apparent at the edge of the CO, band near
4.5 um, and N,O combination bands are also seen near 4.0 um. The
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methane (0010) vibrational transition is evident at 3.31 um. A crude
estimate’® of the CH, and N,O column abundances is, for both species,
of the order of 1 cm-amagate (=1 cm path at STP),
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FIG. 4 A frequency-time spectrogram of the radio signals
detected by the Galileo plasma wave instrument. The
intensities are coded in the sequence blue—green--yellow

red, with blue lowest and red highest. Several natural
sources of radio emission are shown in a, including auro
ral kilometric radiation (AKR). Modulated emission at
f>4 MHz is shown with an expanded time scale in b.
Modulated patterns of this type are characteristic of the
transmission of information, and would be highly unusual
for a naturally occurring radio source. (ut, universal time;
R is distance of Galileo from Earth in units of Earth's
radius, Rg; 1T, local time.)
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Table 1. Occurrence of small planets in the habitable zone

HZ definition dinner 9douter FP,inner FP,outer 7(:HZ (%)

Simple 0.5 2 4 0.25 22
Kasting (1993) 095 137 1.11 0.53 5.8

Kopparapu et al. (2013) 099 1.70 1.02 0.35 8.6
Zsom et al. (2013) 0.38 6.92

Pierrehumbert and Gaidos (2011) 10

Petigura, Howard & Marcy: arXiv:1311.6806
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Vesto Melvin Slipher (1875-1969)
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“Observations of Mars in 1924 made
at the Lowell Observatory: II
spectrum observations of Mars’’
PASP 36(1924)261

reflection spectrum. The Martian spectra of the dark regions
so far do not give anv certain evidence of the typical reflection
spectrum of chlorophyl. The amount and types of vegetation

required to make the effect noticeable 1s being investigated by
suitable terrestrial exposures.
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= Scientific American April 2008
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New Worlds Mission:

simulated image
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O;: The Occulting Ozone Observatory

O3: The Occulting Ozone Observatory

N. Jeremy Kasdin!, David N. Spergel!, P. Doug Lisman?, Stuart B. Shaklan?, Dimitry Savransky!, Eric Cady!, Edwin L. Turner!?,
Robert Vanderbei!, Mark W. Thomson?, Stefan R. Martin?, K. Balasubramamian?, Steven H. Pravdo?, Yuka Fujii3, Yasushi Suto?

Princeton University, 2let Propulsion Laboratory, 3University of Tokyo
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Rayleigh scattering above surface scattering by surface

F .q: retlected flux, F.: incident stellar flux
R,: Rayleigh scattering optical depth
f.: cloud fraction, c,: cloud albedo, a,: surface albedo

Rayleigh scattering assumed to occur below
half the available atmosphere
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Absorption lines
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Rayleigh scattering terms

Red-edge due to chlorophyll (softened Heaviside)
H(A) =1+ exp (80(0.72 — A/um))|
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