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Miyoshi & Kihara (1975) Yoshikawa, Taruya, Hayashi+YS (2020)

Jing+YS (2001)
Yasushi Suto: Department of Physics, the University of Tokyo

The 14" RESCEU symposium: From Large to Small Structures in the Universe
@ Koshiba Hall, the University of Tokyo: November 1, 2023



1. N in simulations
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Pioneering work on cosmological N-body simulations

Miyoshi & Kihara: PAS] 27 (1975) 333

= First N-body simulations of large-scale structure
in @ comoving, periodic cube, N=400

Aarseth, Gott, & Turner : Ap] 228 (1979) 664

= in expanding spheres, N=980, 1000, 4000
Davis, Efstathiou, Frenk & White: ApJ 292 (1985)
371

= P3M simulations, N=32768,

» Established the CDM paradigm, galaxy biasing,
non-zero cosmological constant, 2pt & 3pt
correlation functions

Navarro, Frenk & White: ApJ 462 (1996) 563
= Universal density profile of dark matter halos

Courtesy of Ed Turner:
digitized from his old 16mm
movie film based on Aarseth, Gott,
& Turner ApJ 228 (1979) 664



The first cosmological N-body simulations of galaxy clustering
by Miyoshi and Kihara (1975)

Development of the Correlation of Galaxies

in an Expanding Universe

Miyoshi & Kihara Publ.Astron.Soc.Japan 27 (1975) 333
Kazunori MiyosHI* and Taro KIHARA

Department of Physies, Faculty of Science, University of Tokyo, Tokyo
(Received 1974 December 4)

N-BODY SIMULATIONS OF GALAXY CLUSTERING. I. INITIAL
CONDITIONS AND GALAXY COLLAPSE TIMES

SVERRE J. AARSETH
Institute of Astronomy, Cambridge University

J. RicHARD GortT IIIT*
Department of Astrophysical Sciences, Princeton University

Eowne 1. Tomen APJ 228(1979)664

Harvard-Smithsonian Center for Astrophysics
Received 1978 June 29; accepted 1978 September 8

ABSTRACT

N-body simulations are used to model galaxy clustering in an expanding universe. The starting
point of an N-body simulation corresponds to the epoch of protogalaxy formation when the
protogalaxies become density enhancements of order unity and begin to behave like point masses.
This typically occurs at a redshift of 10-30. As the models expand, the galaxies cluster; the result
is remarkably similar to the observed clustering. In addition to having reasonable covariance




My question to Kazunori Miyoshi (2008)
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Discovery of a power-law of galaxy two-point correlation
functions by Totsuji and Kihara (1969)

Totsuji & Kihara
Publ.Astron.Soc.Japan

21 (1969) 221

The Correlation Function for the Distribution of Galaxies

Hiroco TotsuJi and Taro KIHARA
Department of Physics, Faculty of Science, University of Tokyo
(Received May 15, 1969; revised June 26, 1969)

Distribution of Galaxies

Groth & Peebles Ap] 217(1977)385

STATISTICAL ANALYSIS OF CATALOGS OF EXTRAGALACTIC OBIJECTS. VIL
TWO- AND THREE-POINT CORRELATION FUNCTIONS FOR THE HIGH-
RESOLUTION SHANE-WIRTANEN CATALOG OF GALAXIES*

ro=4.7Tx10° pe in glr)=(ry/r)t-*.

gal
O

distance between a pair of galaxies

axy two-point
correlation

— S=17

— X \“—\ X 1 8
—— — 19

20

| 1

|
7 Q 9

Epwarp J. GrRoTH AND P. J. E. PEEBLES
Joseph Henry Laboratories, Physics Department, Princeton University
Received 1977 March 4; accepted 1977 April 7

&r) = (rofr)*™",
hr() &= 4.7 MpC ’
0.05 Mpc € Ar £ 9 Mpc.




Pioneering perspective of physicists in the
University of Tokyo (Miyoshi & Kihara

Another notion used to describe a deviation from uniformity is the “correlation
funection,” which is obtained by a statistical process. While this quantity is not
intuitive, it is above all ambiguity. The definition of a correlation function g(r)
is (LANDAU and LIFSHITZ 1968, §118)

g(ri—ry)={n(r) —<np>Hn(r) —<npHKnyt—é(ri—ry)/<n) , (1.1)

As regards the correlation function of the galaxy distribution, main points of
interest are the following.

(1) Is the correlation function an inverse power function of the distance?
If so, what value do the power index and the characteristic length take?

(ii) How does the correlation function depend on time? |
The first problem was analyzed by ToOTSUJI and KIHARA (1969). Their results
obtained by processing the data of galaxy counts (SHANE and WIRTANEN 1967)
are g(r)=(r,/r)* with $=1.75+0.05 and 7r,=(4.4+0.6) Mpc. PEEBLES (1974) also
obtained the index s=1.77, mainly working with the same data. The second
problem cannot be solved with the observational data, and the purpose of the
present paper is to obtain some information by computer simulations.




Miyoshi & Kihara (1975) had predicted
the slice of the universe (1986)

A SLICE OF THE UNIVERSE! CfA redshift survey

VALERIE DE LAPPARENT, %> MARGARET J. GELLER,?> AND JOHN P. HUCHRA® de Lapparent, Geller & Huchra
Received 1985 November 12, accepted 1985 December 5 ApJ 302 (19 86)L1

10000 km/s

Miyoshi & Kihara (1975)
N=400 simulation




Increasing the value of N

APPLICATION OF THE EWALD METHOD TO COSMOLOGICAL N-BODY SIMULATIONS

LARS HERNQUIST, !> FRANCOIS R. BOUCHET,? AND YASUSHI SUTO '3+

Received 1990 February 28; accepted 1990 June 11 ApJ S 75( 1 99 1)23 1

ABSTRACT

Fully periodic boundary conditions are incorporated into a gridless cosmological N-body code using the Ewald
method. It 1s shown that the linear evolution of density fluctuations agrees well with analytic calculations,
contrary to the case of quasi-periodic boundary conditions where the fundamental mode grows too rapidly. The
implementation of fully periodic boundaries is of particular importance to relative comparisons of methods based
on hierarchical tree algorithms and more traditional schemes using Fourier techniques such as PM and
P3M codes.

REDSHIFT-SPACE CORRELATION FUNCTIONS IN THE COLD DARK MATTER SCENARIO

. YAsusHI Suto
COSMOLOGICAL N-BODY SIMULATIONS WITH A TREE CODE: Uji Research Center, Yukawa Institute for Theoretical Physics, Kyoto University, Uji 611, Japan

FLUCTUATIONS IN THE LINEAR AND NONLINEAR REGIMES AND

TATSUSHI SUGINOHARA TATSUSHI ‘SU(.}INOHARA
Department of Physics, The University of Tokyo Department of Physics, The University of Tokyo, Tokyo 113, Japan
Received 1990 September 21 ; accepted 1990 December 17

YASUSHI SUTO
Department of Physics, Ibaraki University; and Research Institute for Theoretical Physics, Hiroshima University ABSTRACT

FRANCOIS R. BOUCHET

Institut d’Astrophysique de Paris, CNRS ApJ L 3 70( 1 99 1 ) L 1 5

AND

s ApJS 75(1991)631

Department of Astrophysical Sciences, Princeton University
Received 1990 February 27; accepted 1990 August 22




Universality and diversity of dak matter halos

galaxies~ 5x101°M,,

groups~ 5x10BM .

clusters~ 3x10MM,,,

Jing & YS, Apl]
529(2000)69




Cosmologicalhyodynamical simulations ‘

dark matter halos = = &
= X-ray gas
= galaxies

‘ -

evolution in a box w""
of (75h1 Mpc)® [

Yoshikawa, Taruya,
Jing & YS
ApJ 558(2001)520




Triaxial model of dark matter halos
Isodensity of dark matter halos

0.p..
p(R) — - CpCl”l -
(R/R)*(1+R/R,)

X Y* Z*
R*(p) =
=i o) )

Jing & YS ApJ 574 (2002) 538

= widely applied for a variety of
cosmological problems, even if it is
fairly simplified
= concentric, self-similar (axis ratio is
independent of radius)




Exponential evolution of "N"

Bode, Ostriker & Xu " = .
Evrard et al. :

Bode, Bahcall, Ford & Ostriker .®

Jing & Suto.- ®

Gelb & Bertschinger .4
Suto & Suginohara ™

® Carlberg & Couchman :

Davis, Efstathiou, Frenk & White
=
® [ifstathiou & Eastwood

Number of simulation particles

® Aarseth, Gott & Turner
® Miyoshi & Kihara

1980 2000 2010

1990

in cosmological N-body simulations

N=400x1(00-215(Year-1575)

(Suto 2003)
= N in a (1h1Gpc)3 comoving box
will exceed the real number of DM

particles in the box:
m N=107%in 2319
(if DM is WIMP with m=10GeV)
= N=10108 jn 2468
(if DM is fuzzy DM with m=10-22eV)
m SO, I decided to stop larger
simulations!

= cosmological survey with Subaru




2. N In Subaru




JSPS-NSF exchange program (PI: Humitaka Sato)

£
= David Spergel s
- P g.\.
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The 2019 Kyoto Prize Workshop - R L S R A

“Wide-Field Sky Survey of the Universe: From the . = . % AR T

Past to the Future of Astronomy” RO . S "
@November 13, 2019, the University of Tokyo :

NS



HSC (Hyper-Supreme Cam) in the making (1)

= From: aihara <aihara@phys.s.u-tokyo.ac.jp>
m Date: Tue, 16 Mar 2004 14:32:54 +0900
= Large Synoptic Survey Telescope (LSST) project & Lv5 D
ZZCFEAMTTA?SNAP £ £ 5 TTH. LSST DA X F (&
SLALF—EIADPPH>TULET, T & 5. Steve
Kahn (ZELCHESHLY FHBAD) EFELT. L.
AN BT BIE,. BHADastronomeric b Fm 2 AT 5
EdhEELNE LT
= From: Yasushi Suto <suto@phys.s.u-tokyo.ac.jp>
m Date: Tue, 16 Mar 2004 15:04:03 +0900 (JST)

s EALVXERT, HATH - LB ERZHEHLZIHD
X, Bl A (BIMES!) @358 T,




HSC in the making (2)

= From: Satoshi Miyazaki <satoshi@anela.mtk.nao.ac.jp>
m Date: Sun, 21 Mar 2004 18:31:27 -1000
s MHIRR *ﬁJkLTzU$¢\%XMT£ﬁ%E@oTu
-BlETd, 5. RXNZERICHDT=HICBRHERREIZERTWE
ITH., TITHERRDEBERIAESEWLWL T, BRI ADLSSTIC
Kz BT EEEEX LTz INEXTIC, 7B DOTIL—T
TIZ T 125 HDSuprime-Cam & W5 51 X T 24 1) EER (- Weak
Lensmg SurveyZz I LHTWVWET, LVLEWEEFDH X T %K
DT, BiNREFZwmHE L7ze INIETIEDIHEDHAXZD7H
EISLSSTIEFHA DT A /N e i) £9, HRIADLEFDOE
EREICHRKRZ BFLEEE, Ar—@EICESEz gL/l
BWwhe, X=LIgTWiEEEE L, WOLBKREDH S
FICBEZEVWTWEEITEWLWTL LY D ?




HSC in the making (3)

= From: Satoshi Miyazaki <satoshi@anela.mtk.nao.ac.jp>

m Date: Wed, 31 Mar 2004 14:16:36 -1000

m JHERR 3/251CHREIAEERTIAICE>CEXBVWTEEL
7m0 BTIZAIZLSSTICEAL TIESH B A-TIT-oTH, 727D

CEIE IS D TCLEIADLVPHLIEIALVWENIERZE -

TWE LA, TDSY DFEDN—BSELIRIS, [T
HyperSuprime& WS LSSTZFTHEAT Z & A TE SEHEZ -
TWE 3] &, FA4 DSuprime-Cam7 v 77 L — REHEI % B

L7z A, ISAVCHIRS AIFIESRIC

Bk 235> TN ZE

L7=e MRS AE MEAORABEZHT O] LEVRD

FlLlco TDEXREILBDHIDAHMY ZTHAD,

HREIANDHZ

TWTZWBEHRICE Y. WAWARIEEMEA’REITTE £ L7,



HSC in the making (4)

= From Ed Turner elt@astro.princeton.edu
= Fri, 28 Jul 2006 23:07:03 -0400 (EDT)

m Dear Yasushi,

It is of much more direct interest to me than it was when we talked
in June. The reason is that in Princeton we have recently had some
discussions about the possibility of approaching you (Subaru) re the
possibility of some type of collaboration or joint project or perhaps a
pair of projects. I should emphasize that at this point the whole
situation is very uncertain, and this idea is a rather vague one, but it
seems to David Spergel (copied on this message) and me that it
might be a good time to see if it is totally unrealistic or if it seems to
you worth looking into the possibility a bit more. What do you think?



mailto:elt@astro.princeton.edu

HSC in the making (5)

= Mon, 31 Jul 2006 07:43:52 +0900 (JST)

m Dear Ed, - - - 1 believe that a possible joint project

between Subaru and Princeton is definitely welcome by the
Subaru community.

= In case you are interested in proceeding a bit further, I am
happy to approach several people very informally at this
point to see their personal feeling.

= [ understand that the possibility would involve many
uncertainties in both sides and thus be fairly unpredictable,
but I believe it is really worthwhile to explore more.



SDSS collaboration meeting organized
by Changbom Park@ Seoul, Nov. 2006

I convinced Michael

&_ﬁt@gss (Princeton) to work with Subaru

SDSS SDSS

& £ boration Meetin
Collaboration Meeting ! Colla 2006 Seoul g‘
|
A 2006 Seoul [ building # 129, September 22-24 /
bullding # 129, September 22-24

Noimpsicyst | Kol

' 4



l ) %
Cosmology with W|de field photometnc and

spectroscopic galaxy surveys
November 9-10, 2006 @ University of Tokyo




In Japan, all important things are
agreed upon over dinner with drinks

Discussion on NAOJ-Princeton collaboration over Shabu-shabu
December 19, 2006 @Kisoji, Mitaka



International Research Network for Dark Energy
(JSPS, core-to-core program 2007-2012)

Princeton U. Institut d’Astrophysique
Dept. of Astrophys. Sci. z de Paris

coordinator coordinator
Res. Center for the

Early Universe
coordinator
Yasushi Suto

Edwin Turner Jerome Martin

Modified gravity
Extra-dimension
backreaction

Edinburgh U. Royal Obs. e

COO I‘d | nator ‘ atom (baryon)

Theoretical model dark matter J 4.6+0.2%
John Peacock Baryon oscillation 233+13%/

Weak lens mapping




A, A

\JHE UNIVERSITY OF TOKYO

RRXFE XZER
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JSPS exemmns

Core-to-Core Program
DENET
International Research

DENET

REsCEV

Network for Dark Energy

(Dark Energy
‘'e-to-core program workshop

fosmology with wide-field Network)
imaging surveys of galaxies from HSC to

June 7 - 8, 2007, Koshiba Hall
PFS

Invited Speakers The University of Tokyo

Hiroaki Aihara (Tokyo) 4

Jim Gunn (Princeton) SABNRC ordanizi :
ganizing committee

Takashi Hamana (NAO‘) Hiroaki Aihara (Tokyo)

Robert Lupton (Princeton)
Takahiko Matsubara (Nagoya)
Satoshi Miyazaki (NAOJ)

David Spcrgcf (Princeton)
Michael Strauss (Princeton)
Masahiro Takada (Tohoku)
Tomonori Totani (Kyoto) -
Edwin Turner (Princeton)

Toru Yamada (Tohoku)
Kazuhiro Yamamoto (Hiroshima

Hiroshi Karoji (NAOJ)
Satoshi Miyazaki (NAO)J)
David Spergel (Princeton)
Yasushi Suto (Tokyo)

/ Edwin Turner (Princeton, chair)
Local organizing committee
Takashi Hiramatsu (Tokyo)
Erik Reese (Tokyo)

Yasushi Suto (Tokyo, chair)
Atsushi Taruya (Tokyo)
) Jun'ichi Yokoyama (Tokyo)

International Research Network for Dark Energy
(JSPS, core-to-core program 2007-2012)

Princeton U.
Dept. of
Astrophys. Sci.
coordinator
Edwin Turner

CMB
Gravitational lens
Baryon oscillation

Edinburgh U.
Royal Obs.
coordinator

John Peacock

Institut
d’Astrophysique
de Paris
coordinator
Jerome Martin

5~ Univ. of Tokyo [
Res. Center for the
Early Universe
coordinator
Yasushi Suto

Modified gravity
Extra-dimension
backreaction

BY
721155

Theoretical model
Baryon oscillation
Weak lens mapping

B

505 oAU




Decrypting the Universe

Large Surveys for Cosmology
D Spergel 24th-26th October 2007

S. Cole I
E. Copeland Edln bu rg h’ SCOtland Local Organising Committee
M. Doi Joint Royal Observatory Edinburgh / JSPS A. Heavens
A. Helmi Core-to-Core Program Workshop RA I\r/\|1'30n|
O. Lahav www.roe.ac.uk/roe/workshop/2007 : IC.O
R. Maartens __ P. Norberg (Qhalr)
' ) 8 P. Simon
Y. Mglller . : . F. Simpson
S. Miyazaki S \ A. Taylor
A. Murphy -



BDSMDLDGY

May 19 23 2008@Kona, Hawaii

A JOINT CONFERENCE BY SUBARU e GEMINI ¢ JSPS ¢ NOAQO ¢ UK STFC ¢ AAL




DENET and Princeton joint conference:
Science Opportunities with Wide-Field Imaging and
Spectroscopy of the Distant Universe
November 9-11, 2009@Princeton Univ.
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3. N=3



Exponential evolution of "N"
in cosmological N-body simulations

Bode, Ostriker & XUE,V.r"]:d ol N =4OOX100_215(Year-1975)

Bode, Bahcall, Ford & Ostriker . ® (Suto 2003)
= N in a (1h1Gpc)3 comoving box

Jing & Suto.- ®

Gelb & Bertschinger .4

8 Suto & Suginohara * il Will exceed the real number of DM
E IRl particles in the box:

Z Davis, Efstathiou, Frenk & White - [] N=1O76 in 2319

S " Efstathiou & Eastwood ’ (if DM is WIMP with m=10GeV)

2 _ = N=10108in 2468

2 % Aarseth Gott & Turner (if DM is fuzzy DM with m=10-22eV)

® Miyoshi & Kihara

m SO, I decided to stop larger
simulations!

1980 1650 2000 2010 (Hayashi, Wang & YS 2019)



Physics Department Colloquium
at Umver5|ty of Tokyo on November 10, 2000
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; " THE DETECTION AND
| ~ =~ CHARACTERIZATION

OF EXTRASOLAR PLANETS

Ed Turner Princeton University
Observatory



b T0.0¢ 60

Our planet observations at Subaru
(HD209458b with High Dispersion Spectrograph in
September 2002, and photometric blind search of

transiting planets with Suprime-Cam in October 2002)




Josh Winn’s (and also my) first paper on exoplanets

A Search for Hx Absorption in the Exosphere
of the Transiting Extrasolar Planet HD 209458b

Joshua N. WINN,!* Yasushi SUT0,? Edwin L. TURNER,> Norio NARITA,>

Brenda L. FRYE,”" Wako AoK1,* Bun’ei SATO,*> and Toru YAMADA* Ba C k to
' Harvard-Smithsonian Center for Astrophysics, 60 Garden St. MS-51, Cambridge, MA 02138, USA

Jjwinn@cfa.harvard.edu

2Department of Physics, School of Science, The University of Tokyo, Tokyo 113-0033 I
suto, narita@utap.phys.s.u-tokyo.ac.jp — -

3Princeton University Observatory, Peyton Hall, Princeton, NJ 08544, USA
bfrye, elt@astro.princeton.edu
*National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588
aoki.wako@nao.ac.jp, bunei.sato@nao.ac.jp, yamada @optik.mtk.nao.ac.jp
SGraduate School of Science and Technology, Kobe University, 1-1 Rokkodai, Nada, Kobe 657-8501

Winn et al.
(Received 2004 April 16; accepted 2004 May 6)
Abstract PASJ 56

There 1s evidence that the transiting planet HD 209458b has a large exosphere of neutral hydrogen, based on (2004) 655
a 15% decrement in Lyman-« flux that was observed by Vidal-Madjar et al. during transits. Here we report upper

limits on Ha absorption by the exosphere. The results are based on optical spectra of the parent star obtained with

the Subaru High Dispersion Spectrograph. Comparison of the spectra taken inside and outside of transit reveals

no exospheric Ha signal greater than 0.1% within a 5.1 A band (chosen to have the same AX/A as the 15% Ly

absorption). The corresponding limit on the column density of n = 2 neutral hydrogen is N> < 10°cm~2. This limit

constrains proposed models involving a hot (~ 10*K) and hydrodynamically escaping exosphere.




I

1.03
1.02
1.01

0.99
0.98
0.97
0.96
0.95

Relative flux

T T T R T T
"
s

4 L 1
6.26 6.28 6.3 6.32 6.34 6.36 6.38 6.4
JD-2452540.5

1

Object-1 (Image)

suto@utap.phys.s.u-tokyo~eejp
* Princeton University Observatory, Peyton Hall, Prince

elt@astro.princeton.edu
>Graduate School of Science and Technology, Kobe University, 1-1 Rokkodai-cho, Nada-Kkit;
yitoh@kobe-u.ac.jp, mukai@kobe-u.ac.jp

€ . . P .. .
>Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, China

ypwang @pmo.ac.cn

Urakawa et al. PAS] 58 (2006)869

We report the results of a prototype photometric search for transiting extrasolar planets using Subaru Suprime-
Cam. Out of about 100000 stars monitored around the Galactic plane (/ = 90°, b = 0°), we find that 7700 show
photometric precision better than 1% for 60 s exposures, which is required to detect extrasolar planets by the transit
method. Thus, Suprime-Cam has the photometric stability and accuracy necessary for a transiting planet survey.
During this observing run, we detected three objects (around 18.5 mag for i’-band) that exhibit a single full transit-

Relative flux

-
. L L4
6.32 6.36 6.4 6.44

6.48 BRe oF ’u
JD-2452540.5 .

Object-3 Object-3 (Image)

N =3 transit candidates




THE ROSSITER-McLAUGHLIN EFFECT AND ANALYTIC RADIAL VELOCITY CURVES
FOR TRANSITING EXTRASOLAR PLANETARY SYSTEMS

1 1
Y ASUHIRO OHTA, ATSUSHI TARUYA, AND Y ASUSHI SUTO

N=2 Ohta, Taruya +YS: ApJ 622(2005)1118

effect; 1f 1ts 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

First perturbative analytic formula for the Rossiter-McLaughlin effect

We introduced the symbol A to denote the projected spin-orbit angle
= Hirano et al. (2010,2011)




Measurement of spin-orbit alighment
in an extrasolar planetary system

= Joshua N. Winn, R.W. Noyes, M.J]. Holman, D.B. Charbonneau,
Y. Ohta, A. Taruya, Y. Suto, N. Narita, E.L. Turner, J.A. Johnson,
G.W. Marcy, R.P. Butler, & S.S. Vogt

= ApJ 631(2005)1215

A=—44°+1.4° ) A»»

A HD209458: Keci;jdata + RM effect
-' perturbation formula by Ohta, Taruya
& YS (2005)

= Most importantly, this paper led
Josh to be a world expert on the spin-
orbit (mis)alignment of exoplanets




Spln-orblt angles agalnst the planetary radlus

90° - from asterose smology

90° — i, from asteroseismology (misaligned) ROSSIter M CLa u g h I I n ¥

A from RM effect

A from RM effect (misaligned) effect
. HAT-P-llb\ |
asteroseismology «ss |1

)
Kepler-408b Kepler-56b

hlanetary radius
Kamiaka, Benomar, YS, Dai, Masuda, & Winn, AJ 157(2019)137




JSPS core-to-core program (2016-2021)
PLANET?

ﬂigaﬁﬂzid)ﬁﬁh‘bmti 7 DR

E

= PI: Seiji Sugita
(Dept. of Earth

€D Quenvatolre Eﬁjrens

Foowgz G = and Planet
HEBORE @@ x i i
caemonz | &) %, Sciences, Univ.
HOVEADLENDERA G\ 53 JoHNS HOPKINS
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Primordial star-disk alignment in turbulent

= SPH simulation molecular FIOUd cores

= 1million SPH particles + sink particle D 'I
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RV (radial velocity) modulations of a tertiary star
Morais & Correia (2008, 2012) 7
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Hayashi, Wang + YS: ApJ] 890(2020)112
Hayashi + YS: ApJ] 897(2020)29 Kxep
Hayashi, YS + Trani (2023): arXiv:2307.01793

semi-amplitude of
Kepler RV varies over
longer timescales




Evolution of inclination for non-coplanar triples
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4. Summary (?)
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I once read a story about three
brothers who washed up on an
island in Hawair

= Three brothers went out fishing and got caught in
a storm. They drifted on the ocean for a long
time until they washed up on the shore of an
uninhabited island. It was a beautiful island with
coconuts growing there and tons of fruit on the
trees, and a big, high mountain in the middle.



The night they got there, a god
appeared in their dreams and said

= A little farther down the shore, you will find three
big, round boulders. I want each of you to push
his boulder as far as he likes. The place you stop
pushing your boulder is where you will live. The
higher you go, the more of the world you will be
able to see from your home. It's entirely up to you
how far you want to push your boulder.



The youngest brother quit first. He said

= Brothers, this place is good enough for me. It's close to
the shore, and I can catch fish. It has everything I need
to go on living. I don't mind if I can't see that much of
the world from here.

His two elder brothers pressed on,
but when they were midway up the
mountain, the second brother quit. He said
= Brother, this place is good enough for me. There is plenty

of fruit here. It has everything I need to go on living. I
don't mind if I can’t see that much of the world from here.



The eldest brother continued walking up
the mountain. There he stopped and
surveyed the world. Now he could see more
of the world than anyone

= This was the place he would live — where no grass
grew, where no birds flew. For water, he could only
lick the ice and frost. For food, he could only gnaw on
moss. But he had no regrets, because now he could
look out over the whole world.



Mari offers her opinion:
"To me, the lives chosen by the two

younger brothers make the most sense.”

= "True,” he concedes. "Nobody wants to go all the
way to Hawaii to stay alive licking frost and eating
moss. That's for sure. But the eldest brother was
curious to see as much of the world as possible,

and he couldn't suppress that curiosity, no matter
how big the price was he had to pay"

= "Intellectual curiosity.”
= "Exactly.” English translation by Jay Rubin



Intellectual curiosity

= 'True,” he concedes. “Nobody wants to go

all the way to Hawaii to stay alive licking
frost and eating moss. That's for sure. But

the eldest brother was curious to see as much
of the world as possible, and he couldn't

suppress that curiosity, no matter how big the
price was he had to pay”



Nobody wants to go all
the way to Hawaii to
stay alive licking frost
and eating moss.






Indeed, we are the Nobody (# Nbody)

Subaru telescope
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Thfee big "Boulders”
@summit of Mauna Kea, Hawaii
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Youngest brother @sea shore, Hilo, Hawaii




Second Brother @2800m above sea level




Eldest brother @4200m above sea level




But he saw more of the world...
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Lesson learned: science is endless exploration
of unknowns beyond the current horizon

My conclusion :
The value
of N does not
matter?



Thank you very much for coming all the way
al and curious symposium
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