WEF ] (FHEFEEIRFEYE)

. Pl PIEFELE
2. P FENHELFE

3. WEFEICEEETHARF&-/\FOVEE
- RFBOKRKESEHEDEFHE

4. hEFEICHETHRF%-/\FOLYPEF2
-RFEOEELZMEREFEN

5. - FEICEET HRF&%-/\FOVUYEES
- DA—=o&NFOY

6. PEFEZMEDREBHEN
1. PEFEOREDREELRE - PHEFEORKFELNIROVIX)L

¢ tEd'— . %JE‘"Z Fnﬂ'E‘E&L—Co)H%FnﬂE‘E

A. Ohnishi @ Niigata U., Dec.11-13, 2017 1



hEFEDESHA (1)

s PEFEEZICEEHNLD/NILAEHA . @Observer
o hiEFENSD/ULRBIRID ¢
?Eﬁizr##ﬁb\é
= RBPLEGEEDOES)
K=vsini
o R EEDRMEKENE — BDE
o r75—EE

— Mass function (FRI A EEE )
(M ,sini)’ K*P(1-€")"

fZ M2 = o'nG - 0‘“&\ r’/w—w\

(K=vsini, M=M ,+M,)

AL VELOCITY (km s

. I L . —
=05 0 0.5 1.O
PHASE

Hulse-Taylor ('75)
A. Ohnishi @ Niigata U., Dec.11-13, 2017 2




FHEFEDEEHA(2)

s — &M EREIR ° R TR IR
o ;i 2 R 8 (Perihelion shift) =

ZEE O M=M +M ) <8 L Tes
/3 ixd — =] 62

5| 2 T (GM )PP . T )

P (1—€®)c’ g i i

@ Einstein delay
‘ﬁiEU)E;Lﬁ@
A=ysinu %0

(1 =eccentric anomaly )

B -

R o

I I | | 1 I_,I__J |

1 2
Pulsar Mass (M,)

_ eP,Gmy(my + 2m;) ag GM [ {4 (mlm2 - 9) GM ]2

2nctag M P 4n* M? 2ay c?

@ Shapiro delay (FFEDENITLKHEN)
EEAKZESICHAE

r o,
Ag = —2m lln— + In (1 — sin i sin @)
J - L]
. Taylor, Weisenberg ('89)
A. Ohnishi @ Niigata U., Dec.11-13, 2017 3




NWINR e FT—5—/V)LHY— (PSR 1913+16)

s NLVADNERICHOATHWSEERHEFE
(1993 Nobel prize to Hulse & Taylor)
— PEFETEDERGTAE
& E R ORI EE#L

m,=1.442+0.003 M ___
m,=1.386+0.003 M __
2 I =
HULSE AND TAYLOR .
100 ———— e r—p—r ;::
S 1‘1 / ' 8
X 4 o
- A \ 5
s -loot L \
g . |
W Lo !
. | .
g eer 11‘ ! IEi-' -h':j t___ T -[...11_ _ =
= y % 5 Ot gt
-300+ ;I#f Hulse-Taylor ('75J $ [ 1 ’f :
-5 l | Lo ]
-05 é - DI.El — 1.0 o - IE[} lult B35 - IEI'EI
PHASE Taylor, Weisenberg ('89)

L} A\
T\ E Y TP .4\903 T
Star
m"u w w  YUKAWA INSTITUTE FOR
NNNNNNNNNNNNN ics piety L affer

A. Ohnishi @ Niigata U., Dec.11-13, 2017 4



B EFE M~2M )

s —Hi%4H

% RN R (Z &S Time delay

@ Einstein delay : /N\JLY—DEB)IZKSHEN
@ Shapiro delay : fFEDNDEHIFICLSHEN

s E(\F

EFEDRR (J1614-2230)

@ Shapiro delay [CKAHEEDFE M =1.97+0.04 M,
Demorest et al. (2010)

N\ 7N

N N
7N —
(o) S S
l‘\,___/ i J I

r , .
Ag = —2m llu— + In (1 — sini sin @)
a

Demorest et al., Nature 467 (2010) 1081.

A. Ohnishi @ Niigata U., Dec.11-13, 2017 3



HMEFEDEE

s EEFLTOUFENERIE e
GRYMBEF>CERICRESD ) = o

o o ) o o _1_ I} ; } :E i ﬁﬁ?ﬁfﬂpﬂml
@ Perihelion shift+Einstein delay K — 1 4 —
— M=1.442 £ 0.003 M _ Zi N =
..IE E. ey i e—)
(Hulse-Taylor pulsar) s UL S
Taylor, Weisenberg (') i E - *ﬁ:_| neutran star
. 1 : ks !.1 - :-.—Tu;.-h.-r Eipry 1% -
@ Shapiro delay -;;' P _Z'-': e o s
— M=197+0.04 M_ L
Demorest et al. ('10) -, ! gi?: P |_-:1'H o
_ e
@ Another obs.: M =2.01+0.04 M ~~< ji-i B N
. e RS ¢ (" TH e S white dwarf—
Antoniadis et al. ('13) S BT fetion'sta
ﬁ.. _-| } ]-5]1 |—:—|-|!!||r.f.. 1851 - IJ:I .
iii 1;}”" S i hog st O e
Pt P
=
Neutron Star Mass jigg el Eee—ei—

=(1-2) M R A = oy T

. 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Cdl’lOnlCtll thllle — 1.4 M® Meutron star mass (Mg
Lattimer (2013)

A. Ohnishi @ Niigata U., Dec.11-13, 2017 6



HEFEDFERE

s 1A ~10AXEHNT10km BBEDOEEZESOO>TRHEIMN?
o R MKEE ~3x10“Kkm (~ 10 kpe ~ 3 x 104 light year)
— BYIEKFITLIRITHFLE
# X-ray burster

o FEMDBEEICLIO>TRRIAKEF - NIVLRREZECT
o BRICEY., PiEFEHNASEC!
o Mt FEDHFEZRSIDDHIE

A AW, A A
« 7 Wi, g
) < >E>j §E> 7
/o S
A Frga 2% v -

Ignition Touch
down Nakazato

NASA-Dana Berry : f
mw YUKAWAINSTITUTEFOR oy w;ga r

A. Ohnishi @ Niigata U., Dec.11-13, 2017 7



How can we measure the radius of a star ?

# Two photon intensity correlation
Hanbury Brown & Twiss, Nature 10 (1956), 1047.

@ Simultaneous two photon observation probability is enhanced
from independent emission cases
— angular diameter of Sirius=0.0063"

A TEST OF A NEW TYPE OF STELLAR INTERFEROMETER ON SIRIUS
By R. HANBURY BROWN

Jodrell Bank Experimental Station, University of Manchester Ele
AND
Dr. R. Q. TWISS

Services Electronics Research Laboratory, Baldock
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Fig. 2. Comparlaon between the waluea of the normalized cor-
X . . . relation coefficient 1'%(d) obasrved from Siriug and the theoretical
Figure 2. Picture of the two telescopes used in the HBT experi- values for a star of angular dlameter 0-00837. The errors shown

ments. The figure was extracted from Ref[1]. are the probable errors of the observations

HBP telescope (from Goldhaber, ('91)) HBT ('56)
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Two particle intensity correlation

# Wave function symmetrization from quantum statistics

C(q)=/d3r5(q,r) :

ﬁ(eiq-r + e_iQ'r) ~ 1+ eXp(—4q2R2)
Source fn. : 3 Static spherical
(r=relative (Symmetrized w.f.) source case

coordinate)

— Small relative momenta are favored C
due to symmetrization by Cq) = (I112)/{11){I2)
of the relative wave function.

Momentum
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NICER (Neutron star Interior Composition ExploreR

Deducing M/R from light curves of msec pulsars Sotani & Miyamoto (2017)

Front-side hotspot rotates through the line of sight
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https://heasarc.gsfc.nasa.gov/docs/nicer/nicer about.html by Ilda
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