o’

CGP

r Gravitational Physics
Yukawa Institute for Theoratical Physics

A12L—a EE AR
1> T

some recollections and thoughts on
inflation and gravitational waves
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15t encounter with GWs

joined theoretical astro group am

RYIEZEWDAT=BIENY, AIZ P> TLLD NS, o .
so many impressively talented members ... couldn’t imagine what I could do ...

ARy7 MBS - SR (BB - A EHRE - FIRE- AT
OD:£BEEREMFEMD . k4 SRR - AR EL -AIHE—/MEXE- ...

C Hayashi, H Sato, K Sato, T Nakamura, ...

M2IZHEoT=tB ) HEAIZHEhI S - - ANFHLLTTESIEELELS !

Nakamura-san proposed: let’s work on something interesting and feasible!

— B S | LT Bl B A) |

numerical relativity

Nakamura, Maeda, Miyama, Sasaki: “gang of four”

LML, £I [FR5R- - - ERmMNE (T ! EEEXfESAITHIE DL

But studying previous work took time.... couldn’t find a theme for master thesis! Asked H Sato-san for help!

~>
EHROFETE OO TALREL

How about doing some GW computations?
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my memorable 15t paper !

Progress of Theoretical Physics, Vol. 60, No. 1, July 1978

Conversion of Gravitational Waves
into Electromagnetic Waves by a Moving Charge

Misao SASAKI and Humitaka SATO*

Department of Physics, Kyoto University, Kyoto 606
*Research Institute for Fundamental Physics, Kyoto University, Kyoto 606

(Received February 20, 1978)

Head-on collision of a charged particle with plane gravitational waves is considered. We
calculate a cross section of conversion scattering from gravitational waves into electromagne-
tic waves by a particle with charge Ze. In the high-speed limit, this cross section is given
as 02=2(4/3) (4m) - (*G/c*) Z*¢*, v being the Lorentz factor.

BHLR BT

electron

LU, BROZLLBELEEA. ..

EMWs but (of course!) completely unknown...

GWs
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my doctor thesis happened to be on GWs as well

Progress of Theoretical Physics, Vol. 65, No. 2, February 1981

The Radiation Reaction Effects in the Solutions —
of the Perturbed Einstein Equations

isao S /%
M ASAKI | é& @Py/(jz

Department of Physics, Kvoto Untversity, Kyvoto 606

(Received November 14, 1980)

ey
The gravitational radiation reaction effects in the systems described by the perturbations \Q Ony 7
of given solutions of the Einstein equations are considered. There are two kinds of

perturbations to be considered; one is the perturbation induced by no external sour —
other is the perturbation due to the presence of a source particle, For the former cay ~puf 5 Byl i, = 2 gyl Ao
that there exists a conserved current constructed from a quadratic combination of t G ( g )= 8”'- T (¢' g Sy ( h, 9 )]
to the linearly perturbed equations, provided that the unperturbed geometry admit

vector. Thus, some effects of radiation reaction are found to be included in

approximation. For the latter case, it is shown that the usual perturbation expans] ., ;. . %, + , _

fails but there is a possible approach analogous to the one in the Lorentz-Dirac theory FX¢;G)=e* ] h, 9 g)

particles in order to include the reactive effects. By this approach we find thad
argument on the energy conservation leads an additional reactive term which contributes to the
energy equation. However this term is found to be negligible if the particle is under a

quasi-periodic motion.
LL, O3B TR

which also is completely unknown...

B LB TRUCSEHEP S THE T 572 |

a word of advice: don’t be discouraged by not being able to do much during your PhD years! 6
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encountering inflation

entered doctor course

. COWE ($TES) BT FHYELAEE B
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areas of particle astrophysics/cosmology were growing rapidly
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Unified Gauge Theories and the Baryon Number of the Universe

o XIMEDWENDFEHE ! Motohiko Yoshimura  PRL41(1978)

. . Depavtment of Physics, Tokoku University, Sendai 980, J
cosmological consequences of symmetry breaking! pri—g ’(“necegvedoz-: April 1978) o

1 suggest that the dominance of matter over antimatter In the present universe 1s a con~
sequence of baryon-number—nonconserving reactions In the very early fireball. Unified

heo oI

= B R WE — R D IR T ORI

origin of matter-antimatter asymmetry
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close encounter with inflation

ANNALS OF prysics 101, 195-238 (1976)
joined Sato Katsu-san’s seminar

1&5-%-5 . i:1] E L\Eﬁib‘\ﬁ)é o EJ'%/\J —637‘7‘;(:\75\ ? Symmetry Behavior in Gauge Theories
EAR LN (FHELRBLZITIEELLY) DA Rinagars st A: D Tinton

Sato: There appeared an interesting paper. Why not taking a look?
Sasaki: Yes, sir!

P, N. Lebedev Physical Institute, Academy of Sciences, USSR
Received March 19, 1976

the quantum field theory (i.e., as long as one does not take into account its influence
on the space-time curvature connected with a nonzer —momentum tensor e A ioealiamtnd. The i feaiiilo: uiby Bl ol that Beet oo o s Gicontd

of the condensate or of vacuum, see below). ending on relations between coupling constants. It is noted that the possible
H#'J'I:‘ E $O) E;@ic‘ i3 *E-;—é I}E [,)emleme ol‘ a limiting temperature cannot prevent the high-temperature symmetry res-

Toa toration. In the theories without neutral currents, symmetry also can be affected
magnetic ficld. However in most of the models with neutral gurs
toration takes place not due to a magnetic field byt o

HLLZOR, CO—XDEEZMIZREHNFLNTULVE=S, mwmsm i
A7L—230FHDIRIO— ANZGEnt=hrtLn '
&L\OOO

If I were smart enough to note the importance of this sentence,
| could have been one of the founding fathers of inflation...

or phase transition with symmetry restoration in gauge theories at high

of substance is nonconserved due to energy “'pumping” from thc non-
ble Bosc-condensate in the processes under consideration,

KEMDLFSRIE

something you can learn from this

(RE®D)RBXzZHaRICIE, BEmICES ETORECEHICEITER !

When reading a paper (of high quality), don’t overlook the assumptions and conditions!
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and then, at last. ..

9 (D2) DAL g

spent 10 months from autumn of ’79 at Rome
(in place of Nakamura-san who declined to go because he was just married)

o LbOERBEICEBBSAL, /IILTA42(To7—0) ICREIGE

Sato-san was visiting Nordita (Denmark) for a year at the same time.

EHSANO—TIKTIA2IL—2a 0 FH IICET 53—
(2524, SRFITEICHERBRBERE T SFEHILFATI:)

N 8 N §
Sato-san came to Rome and gave a seminar on “inflationary universe” 417 L /E//J
(of course, he simply called it an “exponentially expanding universe” at that time) {f‘EL YTLYS TJEE/E

inflation is still continuing

ZFORIRIIEBESADLIA2TL—23 0 BN TLSERR
RN RSN ZEIESLLN ? IELWSERZEEN S,

Around that time, Sato-san asked me “what kind of spacetime structure would
appear if a spherical region is left behind in which inflation is continuing?”

MEsfBIcKY1oL—2ay
AN T ooyt Ebe
[ ?Eﬁ*ﬁ03:23&60)03413%@*5#(%&%@:@25 ! J inflation ended by phase

transition of vacuum

Surface area decreases while the volume is exponentially increasing!



multi-production of universes

H Volume 1084, pumber 2 PHYSICS LETTERS
Prog. Theor. Phys. Vol, 63, No. 4. April 1981, Progress Letters
Creation of Wormholes by First Order Phase Transition
7 H Tmiva
of a Vacuum in the Early Universe MULTI-PRODUCTION OF UNIVERSES BY FIRST-ORDER PHASE TRANSITION OF A VACUUM
Katsuhiko SATO, Misao SASAKI, Katsuhiko SATO, Hideo KODAMA, Misao SASAKI * and Kei-ichi MAEDA
Hideo KODAMA and Kei-ichit MAEDA Department of Physics, Kyoro University, Kyoro 606, Jepen

y R 3 : . ) 3 Research Institute for Mundamentel Mhysics, Kyoto Universisy, Kyot Japan
Department of Physics, Kyoto University, Kyoto 606 " nd 3 e A

LAE T 823 HITH A EEND |

became a father of twin girls in March ’82 !

ward 88 2 result of the phase ransition,

One easily arrives at an idea that wormholes are fur-
o ther created by the phase transition in the child uni-
ole oQ A
verses and they also evaporate to produce grandchild

v universes. This sequential production of unjverses may
continue on and on (see fig. 2). Now a very peculiar
consequence of a cosmological first-order phase transi-

ri n kS - tion is at handf although the Creator might have made
= A a unitary universe, the universe itself is also capable o
aC % bearing child universes, which are again capable of
bearing universes, and so onf Our universe s oo old to
3 bear more child universes at present, though it might
O

have born them during the period of the phase transi-

ST

o
Fig. & A conformal diagram for de Shiterlike tion orfand it might have been born as one of the child

0o
wniverse with the Schwarzschiki wormbole = NN X i i
Null lines are at t45°, A spacelike 4‘/ 7 V—‘/a‘/@j{m‘l& universes in this sequence.

Ipersurface represented by the dashed line

5 shawn schematically in Fig 4, eternal nature of inflation

10
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back on track
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GWs again

became postdoc at YITP in spring’81. happened to r aIme ri
4Afftﬂ H#{’E 75\ l;) D E%E an unsolved issue from the time of “gang of fou ’
1. TZvoR—IL(BH)EEEOREE HKEEEMIZFHELIZLY,

need to make quantitative estimate of GW emission at BH formation.

2. ZD=HIZ, TTBHICHIFHIELIADIFEDENRESTEL=LY,

for this purpose, evaluate GWs emitted from a particle falling into a BH.

3. LAL, flonTWAFa—a/ILRAF—ARRITEREZERTARXUIEEA,

but Teukolsky eq. is singular both at infinity and horizon. o
ﬂ,bh?“
AT =% - L N . >
I:> $EFR I THRPROD RO IR 8 H 9 XU |
must derive GW equation regular at infinity and horizon " <
o (ﬂ“ﬂ
L] ~ ~ S 5‘5\ vu('
O TOKIKH BHREFERTOO - M
(BZDBHBEDESHEHDELY) o o
my first experience of “full-scale” collaboration - o o e W wﬁ\::,.u*“'\
(didn’t know if a solution really exists) e ‘&,.\**"“S'L 6@:,.9*""“ " M:*;‘ﬂ«“"
ks of P o e
y ~ = = = B e “: v
Mo AR, BNLMETHE, HE HE. i e e
calculating from morning till night for several months... “;::)a‘“"ﬂ\ w‘,av‘;;?@"" —

=9 &
\[Z ! [ d2X/dr*? - FdX/dr® -UX =, ‘3 s aEn T e
2L (»%E . / / - “*| confidence and perseverance!
found at last! i-
Sasaki-Nakamura egigiion P
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cosmological perturbation theory

around that time Maeda-san introduced Bardeen’s paper at A

. S e ol S
BISE>TZDEERHRIFZTCITERNET I T
as usual, didn’t understand its importance at all at that moment W ® co“"” ﬁ#‘%‘w“‘%:':‘fﬁ%&w‘
wot 7 e S S P e S
~ — > — 5\““" .¢P’ “‘d\ e o “’“‘ ‘\)’\“\’« ‘Q‘\v
AVIL—avFHEOELEEEZIROHT, ™ e ;‘»“&:;:'M’ -
X5 EBEHEIT R AT R
thinking about perturbations from inflation, finally realized i“‘;«f&% “’f_ﬂ"“‘bﬁ o"‘: (o
its importance e g (ot
%ﬁv “‘u:m\c“‘e“
HELIHELTELNALTY oo 53
began advocating it here and there. w ,\_\\eo(c\\“ a‘:‘o“,‘\\e‘)
! | grof e R ex&,\\'cb S ?,_\k\’ 113
, ‘“o\o‘t'a.‘w 6@@"*0 " 0\“':: 606
- S — - 0 Wi
c EBXEIAN, AROEAEROTOE o o e )
NI o) » o 5 ‘ 1 . o
INESASEIZITOT LR -HTYAD Wi, Ui P
LE1—XZENGLNIERE AN S DN ot ST

Sato Humitaka-san proposed Kodama-san, who had De %Ok%ﬁgtt%%ﬁ@_‘v)b:fié

similar ideas, and me to write a review on cosmological . .
. . . became one of my most important pieces of work
perturbations for Progress of Theoretical Physics,
c‘\eo“’ o {\(g. va\ow X e

Supplement

< 9
. N ‘1\6\'\‘“\":\.'&36 ec\,\ S
[ il Dot F v AT ET s | ]

lesson: don’t waste a chance when it’s given to you!

13
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inflation and cosmological perturbations

. HTYAUREBEAND, (L TIL—aL R EBHESICOHYRAD

while writing the PTP Supplement paper, indulged in inflation and cosmological perturbations.

) International Journal of Modern Physics A Vol. 1 No. 1 (1986) 265301
tions. The result for the isocurvature case is that the Sachs-Wolfe effect is enhanced © World Scientific Publishing Company
six times as much as that of the adiabatic case. Apparently this is due to large A, on :

super-horizon sciles as discussed shortly before and may lead to difficulties against a

galaxy -formation scenario based on isocurvature perturbations.
EVOLUTION OF ISOCURVATURE PERTURBATIONS I:

PHOTON-BARYON UNIVERSE

KA —)IV TOHFREIESZ ORI R O3,

discovery of isocurve. pert. enhancement on large scales

HIDEO KODAMA
Depertment of Physics, Faculty of Science, University of Tokyo, Tokyo 113, Jepen

MISAO SASAKI
Deparrment of Physics, Foculty of Science, Kyoto University, Kyoto 606, Japan

Progress of Theoretical Physics, Vol. 72, No. 4, October 1984 Recetved 11 January 1986

Entropy Production in the Inflationary Universe

Masahiro MORIKAWA and Misao SASAKI (O+ma" )b +2 6 ._0
< p e g— V.,
Department of Physics, Kyoto University, Kyoto 606 >

where the dissipation coefficient F(¢.) is given by

(Received May 21, 1984)
V)

Entropy production mechanism during the vacuum energy dominated stage of the inflationary universe F‘#c)=%rfdk%€.(’%‘7)(h.(l)+l).

]

is considered. Wemmalhemﬂhuimmhnhndvmmdm!oﬂigssunmm
REBREOMNE |

bymeummldlmgeol!hebukmmddadnlHimﬁddwh!cthly.decaylnmo&a [
derivation of “quantum” dissipation coefficient 14

particles. Mﬂwdﬂmtbncmﬁdmlmxhldmmmﬁalﬂimﬁnhbevmud(
specific decay process and implications of the result are discussed. -
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intermission: in memory of Stephen Hawking.

) V) . /|

In May 1985, Inami-san and Sato-san co-organized a workshop:
Kyoto Summer Institute on “Quantum Gravity and Cosmology”

Hawking came and gave a lecture on quantum cosmology
based on his “no-boundary boundary condition”.

PHYSICAL REVIEW D

PARTICLES AND FIELDS

THIRD SERIES, VOLUMI 31, NUMBER 15 APRIL 1983

Origin of structure in the Universe

5.1, Halliwell and S. W. Hawking
Ohepar af Applied Marh and T ¢ Phpaics, Soler Streer, Camboidge CB) SEW, Unined Kivgdom
ond Max Panck fnrsisut for Pipnics and Astrpfpsics, Faehringer Riug 6 Manich, Federal Republic of Germavy
(Mecerved 1T December 1934)

10 is ssaumued that the Usiverse s in the quantum siste definsd by o pach imegeal over compact
four-metrice. This can be segasded 25 8 boundary cosdition for the wave functios of 1he Universe
a0 weperspace, the space of all threc-metrics and satier Neld conflguratioms oa a three-secface. We
extend previows work oo d apy w weperspace 60 the foll infinite-
dimemioral spoce. We trest the two homogeseoos snd isotropic degrees of freedom exatly and fhe
others 10 swond order. W pustify this spprosimation by showieg that the isdomogenecus or siss
trople modes stant off in thewr ground state. We derive | depeodent S g for
wach mode. The miodes vemain is thelr ground state until their wavelogth caceeds the hovlaon see
1w the periad of exponeatinl expansion. The grownd state Moctusmons are then smplhifiz by the sub-
scijtiend espension and the modes reenter the horleon in the sustier. of Todistion dominated evs = 8
taghly eacited state. We ohtain a scale-free 55 of deneny perturb which could account
for the ongem of galasies and all vther in the Uni The I would be compn
titde with ctservations of the microware backproend if the stass of the sonlar fafdd that Srives the
inflacion o 107 GeV or lews

15
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back on track again
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Nariai, Kimura, Tomita, Fujikawa, Hosoya, ... and many very good students Progress of Theoretical Physics, Vol. 76,

Ne. 5, November 1936

ore i ions
Pr, v i Cosmological Density Perturbati
o Thearetica) py, . Clasg, Evolution of Gauge-Invariant TR
YSics, Vol. 74 Na.§ N ‘QL'B“"'ORO,- through Decoupling I
Large - November 1946 INFLy A Sy R
in MS?I': uantun, Flucty, &, Y iy UN'V";I;:’HDWM Naoteru Goupa and Misao SASAKI
flationgy, Univ, tions N e Ny Kevia Department of Physics, Kyoto University, Kyoto 606
”M:bu’(; e Research Institute for Theoretical Physics, Hiroshima University
o i I Tk ) Takehava, Hiroshima 725
"‘“‘dufpwlmr
7]”,, Th
80, Mo & December 1988 Frie . ki relation jp 4 Perturbeq
Progress of Fhooretical Physice: Ve -
ics of New Inflation
u and Misao SASAKL - Misao Susai ,,,.,
.d‘. NAKAO Yasusada NAMB Ph i “hekarg, Hiroihimg 729, Jepan ity fiye Thevwenicas Phrsiy, iy i
Ken-¥ \| v eb-ml st - Imivrrriey

vch nstitue for Hiroshima
et

SICAL REVIEW D

Light propagation and the d;

A stance-redshi
In @ realistic inhomogeneous u-lvmen Sintion

PHYSICAL REVIEW D VOLUME 42, NUMBER 12 TER 1990
Toshifumi Futamase
Quantum treatment of cosmological axion perturbations partement of Physics, Faculty of Sciemee, Hirosahs University, Hironoki 636 fapan
Yasusada Nambu® and Misao Sasaki’ NASA/Fermilub Astrephysice Misao Sasaki
Conter, Fermi N,
& A1 ™ ! Physics, Hiroshima University, Takehara, Hirosh 2 and Research |, et Nutiowal Accotersiur Labopriory,
Jor m:::& At A 725, Japan natiture for Theoretical Physics, Hiroskime Unive i .« Batwsia, Hitiooic 65 )0

relry, ‘
(Reccived 3 May 1989) . Takehara, Hirashima 725, Japan® 17
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gravity, gravity, gravity,...

RITP Hiroshima U was merged to YITP. moved to Y

1991.04 KARIZHFEIT(?)IND

forced(?) to move to Theoretical Astro Group

Progr,
(5 T3
o feljc.u Phy:

Gray; s Vo
—_ _ -+ Orhs,. t&ti,,,, - 90, N
» EBEEBNIDICEFRHER, BIUIRE—, NERH  “biting gyt Wave 1y, iy g0,
Takashi Nakamura, Jun’ichi Yokoyama, Hideo Kodama at YITP (Kitashirakawa) Takahiro T . S""wg,a:‘:"ll’-" artie)
- d e
R Rt Hidey, uki p, - Magg B ol
yo. ¥ gﬁb\b "y ﬁarz,,,e” y HI 4 Ba M
K a0t ket @ Rysie Ve akash; N, o SASAK,
o We Y g Jo R
e (“6\'\0 ““\ SAW yS"Cs
v e‘w “““ . 50 5h a‘ ?h
4y ? ﬁ "o 6}5\5 Urchc
wﬁ" '\t\\ ) an g Th
The e §
ity ! ks of Theoretical Physics, Vol. 83, No. 3, September 1952
R esgafc False Vacuum Decay with Gravity

—— Negative Mode Problem ——

o Takahiro TANAKA and Misao SASAKI
: \ o University, Kyoto 606-01
| ENAVEZEE ]

false vacuum decay insi le
with gravity d the creation of an open universe

U Misao Sasaki®!, Takahiro Tanaka*?, Kazuhiro Yamamoto ™ and Jun'ichi Yokoyama™

* Dep of Physics. Faculty of Science. Kyoto Usiversity. Kyoto 60601, Japan
Y% Un Research Center, Yukawa Instiute for Theoretical Physics. Kyoto University, Ui 611, Japan

18

Received 23 July 1993
Editor: M. Dine
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post-Newtonian expansion of gravitational wave forms

-3 logIHZ HMIERMICHR
Tagoshi-Nakamura: numerically discovered log terms

C °
v\“‘i\a‘" 'jﬂv udo““

cea® ;
of oN
7 ] paer ™™ g KT
. - vt
RF: log HZAETAICEHE L ! et T
Nakamura: derive log-term analdtically! YOgTA of Thaoredonl Nomies Nol- V8, o, 1, Joi 29N
>  Post-Newtonian Expansion of the Ingoing-Wave Regge-Wheeler Function

T -

Department of Physics, Kyoto University, Kyoto 606-01

done!

o:..,,c:’;:i;aﬁona: Waves from , ERIETHMEHEDIogtlilE r =r+2MIn(r-2M)

Hideyuk, A “arzschilg lack article basically due to log—corr. to light cone
Pimnesy o Py Gosny and Misa, Sasak ° _ .
S Kyotg Um’”’bi& K”’f ‘ #\XF'_;—I‘
e [ os(2¢') 419s£1208‘100207 815(;557’ i zga 5 661%1;,1 R
PHYSICAL REVIEW D VOLUME 51, NUMBER 4 i

PHYSICAL REVIEW D VOLUME 51, NUMBER 10
Gravitational waves from a particle orbiting around a rotating black hole: DMAY.M

Post-Newtonian expansion

Gravitational radiation from a particle in circular orbit around a black hole.

Masara Shibata V. Black-hole absorption and tail corrections
Department of Earth and Space 8 Osake Uni y, Togomaka, Osaka 560, Japan
Eric Poisson
Misao Sasaki, Hideyuki Tagoshi, and Takahiro Tannka McDonnell Center for the Space Sciences, Department of Physics, Washington University, St. Louss, Missouri 63230
Departmant of Physics, Kyoto University, Kyete 806-01, Japan
(Received & October 1994) Misso Sasaki®

Department of Physice, Fuculty of Science, Kyoto University, Kyoto 808, Japan 19

{Roceived 8 Decomber 1994)
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GWs, inflation, and braneworld

THE ASTROPHYSICAL JOURNAL, 455:412-418, 1995 December 20
11995 The Amercan Astronomical Society. All rights peserved. Pristed in USA

27T (~ 2003.03)

moved to Astro-Cosmo G at Osaka U LARGE-ANGLE COSMIC MICROWAVE BACKGROUND ANISOTROPY IN AN OPEN
UNIVERSE IN THE ONE-BUBBLE INFLATIONARY SCENARIO

c HRITOYL—T AT, MEEE, EE AN R T

Newly formed group: S Ikeuchi, N Gouda, M Shibata

 HRSADBLXATENRBEOREEESS 1] [ f—Ts e qo T —Sas

N I o s . -
Ikeuchi-san enthusiastically invited me saying “let’s make our group strongest in|Japan! open inflation

Py 8 TG iesal Phyili: Vol LZ’))L , }“H_]‘ Ifi‘[é A/cj:‘ﬂ"<“c:$£\.ﬂj. N AL WDLL’ME %0, 123822

A Genetal Anilytic Porsilaf but Ikeuchi-san moved out soon after | joined the group... |CMB in open inflation
of the Density Perturbations Produced during Inflation

Andret Linde

Misao SASAK! and Ewan D. STEWART®* Department of Physics, Stanford University, Stanford. California 94303

Department of Earth and Space Science, Osaka University, Toyonaka 560 PHYSICAL pi. Misao Sasaki and Takahiro Tanaka
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indulging in GWs
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The Spectrum of Gravitational Wave Perturbations in the
One-Bubble Open Inflationary Universe

Takahiro TANAKA and Misao Sasax:
Department of Earth and Space Science, Osaka University, Toyonaka 560
(Received November 1, 1906)
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fumetions in half of the Euclidian extension of the background O(3, 1)-symmetric spacetime.
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GWs from open inflation
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GRAVITATIONAL WAVES FROM COALESCING BLACK HOLE MACHO BINARIES
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ABSTRACT
1f MACHOs sre black boles of msss ~0.5 M. they nmst have been formed in the carly wmverss when the
temperature was ~1 GeV. We estimate that in this case in our Galaxy’s halo out to ~ 50 kpe these exist <5 »
10" black Bole binaries the coalescence times of which are comparsble to the age of the universe, so that the
coalescence rate will be ~% x 10°* events yr* per gadaxy. This sugests that we can expest & few events per
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Gravitational radiation reaction to a particle motion
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the
gravitational self-force
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GWs from primordial BH binaries

Calculating the Gravitational Self-Force in Schwarzschild Spacetime

Leor Barack,! Yasushi Mino,” Hiroyuki Nakano,! Amos Ori* and Misao Sasaki'
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We present & practicsl method for calculatng the bocal gravitatonal self-force (often called “radiation
reaction force”) for a pointlike particle orbiting o Schwarzschuld black bole. This is an mmplementation
of the me 01 10 the

e B2 hDitE % i

method for computing self-force
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origin of magnetic field
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Ipact of parthcde production during (nflation on the prenosdaal curvanire pernurbaion specuum i
ated both analytically and sumerically. We obeain an oscillatory bebuvsor on small scales, while on
large scales the spectrum is anaffected . The amplitade of the oscilltions is proportionsd 10 the number of
coupled fields, their mass, and the square of the coupling constant. The oscillations ase due w 2
discontinuity in the second ume derivative of the mflaton, ewing from o temporry violstion of e
sow-codl condinons. A similar effect on the power spoctrum shoukd be prodaced also in ather mationary

models where the slow-oll coaditions ars tempoeanly viokited.
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GW is “hot” now!
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detected BHs may be primordial
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cosmological GW background may be detected soon!
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binary neutron star merger GW170817

A GRAVITATIONAL-WAVE STANDARD SIREN MEASUREMENT OF THE HUBBLE CONSTANT
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The dawn of GW “cosmology”
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although I have to leave YITP, | will still continue to enjoy research.
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