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Congratulation!
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= Broadband RSE
=== Detuned RSE
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E » —\ Binary inspiral:
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E BH ringdown: Kerr param. a=0.95
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LISA

* “astro2010 decadal report recommends
LISA as one of two large space missions to
be implemented in this decade.”

* The targets (104 - 101 Hz)
—Merging Massive Black Holes

— Compact Objects OrbltlngNasswe Blaﬁck Holes
—Galactic Binaries (stellar BH, NS,
— Fluctuations from Early Unlverse'




GW astronomy with WD-WD binaries

* Promising source

) +
. . ket & WD o9s57-688
— Binary evolution i ¥ _ AX Josoe
%
— The structure of WDs * LN AMCVN co o1
o I o
— Tidal effects e VNG pLb VAO7
g [ N\

— Type la Sne

“ o 41 1820-30
— ...and more ??? i .
e Or confusion noise
o . LLL%|LL .T,Fr.”f.
' ~-3.5 -3 -2.5 =2
log f (Hz)

http://www.astro.ru.nl/~nelemans/Research/GWR.html



http://www.astro.ru.nl/~nelemans/Research/GWR.html

New aspects of WD-WD binaries

WD-WD binaries merge into a “pulsar” 1?
KK, K.loka, N. Kawanaka 2010 arXiv:1009.1142 (PRD accepted)
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D= “Electron- Posﬂron Excess

PAMELA

(capable of identifying CR ray charge)

S

The positron excess In
the energy range 10-100GeV

(Adriani, et al 2008)

ATIC/PPT-BETS/H.E.S.S/Fermi
< >

The excess in
the e +e* flux up to TeV

(Abdo, et al 2009 etc)

E*J(E) (GeV'm™s™'sr™)

0.4
0.3}

0.2

+9(€)

L ple?)/ (ple?)

0.1

Positron fraction

0.02

— ref. 1

® PAMELA
*  Aesop (ref. 13)
O HEATOO
* AMS
v CAPRICE94
A HEAT94+95
* TS93
MASS89
<> Muller & Tang 198756

0.01
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ATIC—1,2 (2008)
PPB-BETS (2008)

HESS (2008)
FERMI (2009)
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V—RUIXA[Z557?
® Neutron star pulsar?

Shen 70; Aharonian+ 95; Atoyan et al. 95; Chi+ 96; Zhang & Cheng 01; Grimani 07; Yuksel+ 08; Buesching+
08; Hooper+ 08; Profumo 08; Malyshev+09; Grasso+ 09; Kawanaka, loka & Nojiri 10

® Supernova Remnant?
Shen & Berkey 68; Pohl & Esposito 98; Kobayashi+ 04; Shaviv+ 09; Hu+ 09; Fujita, Kohri, Yamazaki & loka 09;
Blasi 09; Blasi & Serpico 09; Mertsch&Sarkar 09; Biermann+ 09; Ahlers, Mertsch & Sarkar 09

® Microquasar (Galactic BH) ? Heinz & Sunyaev 02

® Gamma-Ray Burst ? Ioka 10

Propagation Effect ? Delahaye+ 08; Cowsik & Burch 09; Stawarz+09; Schlickeiser & Ruppel 09

® Dark matter decay or annihilation ??? ref 2%

AR, e, BHSOETBETF THEBBANES
ex ) AMS-02, CALET, CTA

LY —AOBRTITEE |
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=iz TeV EF-BEFDY—AELTRSEL.

PAMELA/Fermi/HE.S.SIZ&k>T

AMS-02/CALET/CTAZED:
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HEeEZEENNILY—0OERF

AE Aquarii
S MZEE (MCVs)

KEGRAEAA T~ 6 x 107 ¥ g7 _ 5

S RIS B~ 5 x 107 Gauss

-5 & [E#ER P ~ 33 sec

-Hard X-ray /N XSt & &8

EUVE J0317-855

Sharp Pulsation !

xis20054-10 k(N | .
XIS 0.5-4 keV,sgale

0.12

0.10

0.08

(Terada et al 2008)

R AREE B ~ 4.5 x 10° Gauss

"SR [EER P ~ 725 sec

= /N)L R BT EER RIS AL TUNVRL Y,

EE SR ?
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BEFIA

“;\LE§E L 1%}%/—&55/_\1$”
(BEERERLES ?)

INGA—=F—
BE: M>1.0M, (BEEENFHME:0.6M,)

o EHA: P ~ 50 sec  (HREIAYIZ(X104 % sec])

W5 B ~ 107 G (#aBpIzIZ108[GILL )
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BER /LY —[ETeV et OYV—RIZHYZ ZH?

e Check point ()
et AEMERLRIITEILTIREMN ?

e Check point @
et ZTeVETINET D EILRIEEM ?

Point : WD pulsars = NS pulsars




NILY—RBSBIcBIT e WER

Polar cap (PC) model

1 H— (i A e AR i 5 & S BLEL
NILY—DWBMEETe iR —> = KU 7 S A

—> ¥ + B field = e*

—> ZOT7OtEApEEYREN
et Xt MM FREIZESD

Polar cap region

Y \‘e' \‘ e
/Pulsar surface \




o /N)LH—NhHeT XF4

BHEAZEE /LY —0D“death line”

“olar capSEi GRS = FAKE T3 7 AL

IS EHEBEERALTeT NEME]

&

- EFRRRICEC T A

DT ITRILE—ZED

dlog B — 7.5log P+ 9.5log R > 96.7 inunit of [Gauss], [sec], [cm]

)

Dipole Magnetic Field
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of NS Pulsars .

Death Line
\ of WD Pulsars

Rotation Period [s]

Our fiducial WD pulsars
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wind $E1 T
B -RIFEICTI RILEF—FEDED
- Fiitm & R Flux DR TE

NS

eA Vinaz —1 B p () ; R ’
~ 10 : TeV
M M (108(}) (0.151> (108-70111) ’

M : e® multiplicity

Interstellar medium

1BZERENILY—E etZTeVETINETES |




HAEEENILY—I2E T et A

. Adiabatic cooling > FIAVELY!
" WindhY55<. shocked regionDEsEMN T IZIEFE S,

Xt

* Radiative cooling > BHAXR ~10%%E,

| *Bohm limit jl> 8¢ o1 ( Bin )‘3
_ *Synchrotron cooling 3x 107G

B, : Shocked region P& D15

TeVETIES N zeTEmAER T FICERFZR~NBREHIND |



Difference between WD pulsars and NS pulsars

. What is the difference ? | .
“Soin g uminosity” NS is104 times
pINn aown [uminosSIty pOWGI’fUl |

_B2Q'R® { 1038 [erg] for NS pulsar D

c3 1034 [erg] for WD pulsar

L

“life time” = (Total energy)/(spin down luminosity)

104 [yr] for NS pulsar
108 [yr] for WD pulsar D

Tiife = ~

WD is104 times
longer life !

WD pulsars are weak, but active for a long time !l



WDs is better than NSs as TeV e* source ?

Point

TeV e* can propagate only ~1kpc in our galaxy.

(source number)= (life time) /(event rate )/(volume of galaxy )

- 10-1[1/kpc3] for NS

1038 [1/kpc3] for WD
NS Is uncertain.
WD is a lot !

WD pulsars may be numerous !

—




Fllahder TRILF—ZARIT NS LDEE

BagOY—ZXH50FEI220WTetDERABRRER <.
9f DO ,of 0
ot T or or 86(Pf)+Q'

. de 4 € 271 B2 dee,y,
COOllng Func : P(E) — _E — gJTC (mec2> [% +/d€phutot(€ph)fKN (m62pc4>] .

: . _ € \9
Diffusion Co : D(e) = Dy (1 + 3GeV) .

~ . € to —1; B
Source Func @ Q(e, tg,t) = Qoe ¥ exp (—— (1 + )
oot <

By —ZAbhboOFEERLLITS.

O R Tdif(éjéf) .
F(e) = / dt/ 2rrdr - o - nwp f(e, 7, t).
—TWD 0

a-N~ “BRAhTORBEE/NNILY—DHArate” [1/yr/kpe?]



Flux 593 O m?s" st Gev?

-1«

% ‘WD pulsar dominated model

I I ! I
V
I v
10° o Vo4
4
10’ 7
100 1 I ., 2 l o 3 I — 4 " I II5 oy 6
10 10 10 10 10 10

Energy ¢, [GeV]

e total flux

WD : cut off energy ~ 1 TeV

HEZENLY—DFEIZ K

Fermi (10)
H.E.S.S (08)

H.E.S.S (09) |
PPB-BETS

ATIC
KASKADE
GRAPES
CASA-MIA
Total

Multiple WDs
Background

—_—
e

Positron fraction @+ / (Dg+ + O-)

N

S
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T

—
() T
o

10" 10% 10°
Energy ¢, [GeV]

PAMELA —e—
Total

71 Background --------

10%

Y TeVELR Me* 1@ A%zxEARTHE.



Flux ses O m?s™" sr! GeV?]

fE SR :WD + NS pulsar mixed model

)
I I ' ,“', ! ol I
I L7 e
e v
_\ N _ v
10° v V4
v
v
v
10" 7
100 1 I I II2I I IIS\I - II4‘.I \ II5 I I6
10 10 10 10 10 10

Energy g, [GeV]

e total flux

WD : cut off energy ~ 10 TeV
NS : cut off energy ~ 1 TeV

Fermi (10)
H.E.S.S (08)

H.E.S.S (09) :
PPB-BETS

ATIC
KASKADE
GRAPES
CASA-MIA
Total
Multiple WDs
Multiple NSs
Background

Positron fraction @+ / (B + d-)

PAMELA e
Total
Background

10’ 102 103 10*

Energy g, [GeV]

TeV&10TeVAHEIZ “aT" NTE B — [FKE A (AMS-02,CALET,CTA)



xEH

e x4, PMELA/Fermi/HE.S.S BIZ&k>TTeVELT®D
et HAEFE|CE RSN ERIEZEEAHA.

« AMS-02,CALET,CTALGEDFEETHIZKY.,
WHONVSETeVEL EOBBIDO R ENRAFEFNS.
1BEE/NNILY—ETeV et OY—XIZHB.

- 1. BBEENILY—DOFEIZLYTeVULTD
et 1BF AR AA AT RE.
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Back up



H CALorimetric Electron Telescope f-i_.;,'

Flux eg @ [m?2 s sr! GeV?)

A Dedicated Detector for Electron
Observation in 1GeV - 20,000 GeV

Energy resolution: ~2% (>100GeV)

e/p selection power: ~10°

1000 r —rrrrrr —r—TTTrrr
r ATIC —a— 1
H.E.S.S(08) —=— 1
PPB-BETS —=&— ]
Fermi —s—
H.E.S.5.(09) —B— ]

100 |

| Red points/errorbars:
E expected from 5yr obs. by CALET

10

10 100 1000 10000
Energy ¢, [GeV]

With the high energy
resolution and statistics of
the CALET observations, we
will be able to discriminate
models of injection.

(duration, the functional
form of Q,(t), etc.)



e*flux

Neutron Star Pulsars

White Dwarf Pulsars

[\ T

N

ﬂm\_,

time

Difference in the light curve of NS and WD pulsars




WD pulsar&NS pulsar@iE

energy per each|luminosity per each |lifetime| event rate |DMumber density |efficiency|L X n x efficiency
Erot lerg] L [erg/yr] 7 [yr] [[1/yr/galaxy]| n [1/kpc?] |7%0] [erg/yr /kpc?]
WD pulsar ~ 107 ~ 10" ~ 107 |~ /100 ~ 10%a ~ 90 ~ 10"«
NS pulsar ~ 107 ~ 10 ~10° | ~1/100 ~ 0.1 ~1 ~ 10*2




