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Simulations . M u (¢, m) Bosenova?
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(3b) 0.99 0.4 (1,1) +(2,2) (?)
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Simulations . M u (¢, m) Bosenova?
(la) 0.99 0.4 (1,1) Yes
(1b) 0.99 0.3 (1,1) Yes
(2) 0.99 0.8 (2,2) No
(3a) 0.99 0.4 UL L) == (2, %) ()
(3b) 0.99 0.4 (1,1) +(2,2) (?)




) D&

™M =000.0 )
30 T . T T . 2
15
20 | . ) |
1
10 - .
y_ - A
0
0 - e o @ ¥
1 2
20 F 4
-1.5
_20 1 1 1 1 1 2 4
30 20 10 0 10 20 30 | ‘ ‘ , , . ,
-200 -150 -100 -50 0 50 100 150 200

ry /M



PIal—yariER

¢ I —tMEFREIIG]SELNGT S

2001 ¥ ij |
| I1(;00 15LooI 2000
500 1000 1500 2000
t'M
@ T )L — tAEEE LRGSR I T 5
t =2000M

dE/dr, and dJ/dr
\8}

1k M A
D

200 400 600 800 1000 1200 1400 1600 1800 2000
r«/M




>Ial—Tarvy@DFEd
@ TPIUILFVENIm=2 ET—FIZHIHE, F—X/NF#Z
578\,

Q@ 779 7F—NoDIRNF—5ZREIHPHRE, FARRIC
NAEDT7 7y 7 ALFEET S,

@ I[=m=2 DEH, 77 > A 2|3 scalar breather D X 9 1Tk %
5D .




CIZTCH¥AYI2aL—Yayv

Simulations . M u (¢, m) Bosenova?
(la) 0.99 0.4 (1,1) Yes
(1b) 0.99 0.3 (1,1) Yes
(2) 0.99 0.8 22 No
(3a) 0.99 0.4 (1,1) + (2,2) ()
(3b) 0.99 0.4 (1,1) +(2,2) (?)




(1a) & GADHLE

FIHADIRME X l=m=1 € — F—0.7

l=m=2 & — F—o0.01I

-200 -150 -100

-50 0 50 100 150 200

ry /M



i

0,5

1.5

0.5

CHICHE D 5 TRV —

| | ISuperpose(li modes
| |
|

' | M |

| H | | i ‘ It U ”\‘ i
i

Pure modes

0 200 400 600 800 1000

tIM

7T ) -

b B

%
g

(m
i

1) B 5

| ﬂ Superposed modes
“‘\1‘“‘ | MHM
i -
I
\ i
&
Pure modes
0 200 400 600 800
tM

1000



¥3al—varyG)Dxid (H)

@ = ETE—FDT7I7 A VEIINIVED |=m=2 T— FZ
Z5E, AT —5DIRLFFHIIKRES DD S.

@ ZiNlElem= T— FOEEGHIRFIO L HIZIEI NS0 6T
H 5,

@ TIUTFVEDYAF I AZIYMMEMITESKFET S,

¢ FMAAAT—YDILF I T ADTFFIFEL .



CIZTCH¥AYI2aL—Yayv

Simulations . M u (¢, m) Bosenova?
(la) 0.99 0.4 (1,1) Yes
(1b) 0.99 0.3 (1,1) Yes
(2) 0.99 0.8 22 No
(3a) 0.99 0.4 UL L) == (2, %) ()
(3b) 0.99 0.4 (1,1) +(2,2) (?)




_A

GLII' zinov D e57 nlﬂ] arXi1v:1604.06422

JEIEIE ©° DRI
—m=1,2 T — FDOFES

m=0F — F DAK

\

N =2y, N; — NiN; — N1 N;

L=2vyN, — 3N1]€/

& m=3F — F D4R
(unbound)

Nl — 2"}/1Nl = 2N12N2 -+ N1N22
Ny = N2N, — 2N, N2

-2

2+1RIL M A ETIL




A DOIRIEIZ I=m=1 & — F—0.6

l=m=2 & — F—o0.01I

2 . T T T T T T 0.1
15 L | 004 |
1t 1 005 1
002 }
05 ]
0 0 —N» 0
-05
-0.02
-1r 1 -0.05
T -0.04
2 -0.1

-200 -150 -100 -50 0 50 100 150 200 .200 -150 -100 -50 0 50 100 150 200 -200 -150 -100 -50 0 50 100 150 200



>Ial—YarvGEhoxtd

l=m=2FT—FDHREBE SN 52500 IT1F7% 672\,

l=m=3F— FOIIMEI O 5N 5.
Unbounded 2 E—FD Lk HICHZ 5.

ZNOEPER—R I/ NDFEZYT 500 Ltz o,



HL TR



ALY TTITF VG BGE

Q@ RIEKT7 9y 7 F—NDRIEL NI —%F|ZIRE, 773F

Y DERIET %,
M axions
P N

.
-
-
-

-~
-
%1;~

R R AN
JER I O H CAH AR
B IR




R=2 ) NTHAET 2 EHW D

TANGOIFNVX — BT YT, zEtHE

Ty 2R E LTHAET 5 Teukolsky /T2 % RFEIHEIR T <

(r? + a?)? *Y " 4Mar 0% N a’> 1 ]0%
A ot? A 0td¢ A sin? 0| 0¢?

.0 di L @ g . o a(r— M) icosf| Oy
LN TE AS—I-l_ e e A B
or ( dr) sin 6 90 (Sme ae) 28 [ A sinZe] 94

— a?sin? 0]

M 2 2
—25[ (TA a)—T—iCLCOS@]%+(82C0t29—8>¢:4W2T



®  Schwarzschild D&

® Kerr DEH&

ONGOING



(W (Schwarzschild)



Calculation of source term (3)
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Simulations
. Setup HY and Kodama, arXiv:1505.00714.

Schwarzschild black hole
Mup = 0.3

Initial condition: Quasi-bound state of Klein-Gordon field
in the mode ] = m = 1, nr=0

(1) Klein-Gordon case
(2) Mildly nonlinear case

(3) Strongly nonlinear case
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Simulations
. Setup HY and Kodama, arXiv:1505.00714.

Schwarzschild black hole
Mup = 0.3
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Simulations
. Setup HY and Kodama, arXiv:1505.00714.
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GW emission from the “bosenova” (Schwarzschild)

Scalar field
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GW emission from the “bosenova” (Schwarzschild)

Scalar field
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Summary (Physics)

The phenomena caused by scalar fields’ nonlinear self-
interaction highly depend on the situation.

| = m =1 mode:

5=>  Scalar field: Bosenova happens.
GWs: GW burst is generated.

] = m = 2 mode:

02> Scalar field: Bosenova does not happen.
GWs: GW burst would not be generated (?).



GW emission: Mildly nonlinear case
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