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NICER : Neutron star Interior Composition ExploreR
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What is a neutron star?
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http://heasarc.gsfc.nasa.gov/docs/nicer/nicer_about.html
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Formation of a
neutron star
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Typical parameters of a neutron star
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http://lwwwz2 kek.jp/ja/newskek/2005/mayjun/hadron2.html?sa=X&ved=0CDYQ9QEwWEDgUahUKEwj6z_zj2PLGAhUBMZQKHVpFDQk
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http://wpw-conf.kek.jp/past/hadron1/JPARC-hadsalon/Slides/6th/JPARC-HaySalon-Tamura.pdf
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J. M. Lattimer, M. Prakash, 2007, Physics Rep., 442, 109
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The Crab nebula & the Crab pulsar (X-ray)
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Central Compact Object (CCO)

1999F F R

Chandraf® £ Dfirst light T, B ERZHATANTAD HILIZHEL IR
(5x1033 erg/s)Z % B (Tananbaum, H. 1999, IAU Circ., 7246, 1),
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MU: modified Urca

PBF: pair breaking & formation

CU: Condensate Urca with an iron envelope
Cua: Condensate Urca with a fully accreted
light-element envelope

Heinke et al. 2010, ApJL, 719, L167



P-P diagram
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Recycle scenario (
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Lattimer & Prakash, 2007,
Physics Reports, 442, 109
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PSR J1614-2230
Demorest et al. 2010, Nature, 467, 1081

1.97+-0.04 solar mass
Radio pulsar (3.2ms) / white dwarf
Method: Shapiro delay

PSR J0348+0432
Antoniadis et al. 2013, Science, 340, 1233232

2.01+-0.04 solar mass

Radio pulsar (39ms) / white dwarf

Method: Radio timing observations
Phase-resolved optical spectroscopy
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PSR J1614-2230:1.97+£0.04 solar mass

http://news.discovery.com/space/neutron-star-largest-ever.html
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Demorest, P.B., et al. 2010, Nature, 467, 1081
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ASTRO-H

Suzaku

&
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2K 14 m
&= : 2750 kg

& “& 7 : 3500 W

2  «Telemetry : 8Mbps (X-band)
*Data Recorder : 12 Gbits
TH5 EI(F : 2016/1-3
30 : 3 year (requirement)

S year (goal)
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SXS: cooling chain

MER

eDetector temp : 50 mK
e2 ADR + LHe/ADR + JT + ST

Fan

3 years with LHe
«>2 more years without LHe
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ASTRO-H SXSTHAFSNAOARTRIL : $RIAIE

Energy (keV)




ASTRO-H in the
JAXA’s clean room

SEDTE

FAEZTHER . 6—7AKRT
“SE-IREER:8—9H
?TJ:(T early 2016.




ASTRO-H observation strategy
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LMXBs: FEFE2EDHEE

(B, <10°-1010 G
F_ ~200-600 Hz X

£ % (LMXBs)

< spin
T, <0.1- 2 keV

__Persistent / Transient

(120) X8/ S — R
thit 7 2 RETOHe DI RGO R

—

Duration : ~10-100 sec

< Interval : hours ~ days

Luminosity : <Eddington limit
~1038 erg/s

N—

Burst oscillation h\H XE
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sec
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Z—IEXERIN—RARKRIK : Terzan 5 X2

Cavecchi et al. 2011, ApJ, 740, L8

oIKIRZE M Terzan SIZTFHET HEH KX
e AEREIKREN : 11 Hz
o FIFEREE : 10°-10° G

INN—RAPRR[THERSNS., MU TRIRER
MNEARFTED,

eClean and clear results: High accuracy

KAETOER. METOEAE. KRETFEDEE
. BRSSO DETIL, LEIEKEFELLGLY,

eCaveat

TSX2(& . BEEL. BFHRMIZEHSLLS
ﬂifﬁ Li=/\TA—4
Continuum : 2 keV bbody with Nh=1.2E22 cm-2

SXS count rate : 60 c/s

Absorption line : 5.2 keV, sigma = 30 eV.
Equivalent width : 50 eV
_ Exposure : 100 sec

10

A

Counts/sec/keV

HEDN—RAFDARIRILEFNET L. K 1 N—RPRRIMLDIZaAL—Lav R
IRRZEHRE T 5 EM+ 7 Al RE, A 5 6

7 keV



thD £ AEFE R A : GRO J1744-28 & Rapid Burster

HMERAEEIZ. ME—D2BN—R KA THY . HEBED
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Bursting pulsar Rapid Burster
GRO J1744-28
Properties Pulsation No pulsation
Type |l bursts Type | & Il bursts
Outbursts 1995, 1996, 2014 | Every 80-200 days
AEVEIRE 2.1 Hz 7<ER
W5 Probably ~10""G | Probably <101°G

mMRAINLEDHEEEZFEDET NIL, Rapid Burster
HLERAEVHAEWVATEEMED ELY,




Rapid Burster® X#z 58I

18 2= D& A

Fro RS EIIFEFIZESD
TE 5 UG D £R A

ARGRIVIEERL -
<10 eV in EW @5 keV
Marshall et al. 2001, AJ, 122, 21

ASTRO-HIZ k4 &8I
 TE B ISt
50 ksDERAI T, ZH{AIE 2 eV @5 keV DIRULERE THRHATEE,

N—R D ST
1TRIN—R A2, MO IRIEREZ 3T &M RO TR REIZHE S,



AMDAE: SUR/NILY—(MSP)D /N LR KT,

BIEREREN R DI UFL/ N )L H— (MSPs)

W35 H355< (~108-109G), &R THEET S (30 ms) P EF &, (KREEXIHEE
NERLTEENS, $920003IUR/NILH—DRISNTLNVS,
BiK KBNS DS
XER : WiBM oD ENES (P EFEKRE)
WS B S Dback-flowlZXYmnEEh s,

MSPDXFR/NIL A2

o FENIFICKDHIEDER (M/R)
INSWHREFEFZESLNKSE
<HMY, ZRINKCKRZ S,
INLARIEDNNEKTE D,

eDoppler boosting (R)

M RNy TS5—hRIZK

Y. ZBELIEDHEBALES
MO BEYERH<KRZ 5,

INILAEEHILED,

Gendreau, K. C. et al. 2012, SPIE, 8443, 844313



=EIELSYF/N)LY— PSR J0437-4715
XMM-Newton!|Z kA %88

PSR J0437-4715
AEVEE] :5.76 ms
EE B : 156 pc

blackbody

Centered
dipole

FENTHER
Spectrum: Hydrogen atmosphere model
Geometry : off-center dipole
Hot spotl : T1=1.4-1.85 MK, R1=0.1-0.36 km
Hot spot2 : T2=0.4-0.54 MK, R2=2.0-3.5 km
Radius : 6.8-13.8 km for 1.4 M

solar

XMM-Newton: FFZIfEEERIERBIZEK
Y. BERDHLHERENFELNGEM DT,
ASTRO-H : BFZIFEEERANRT M ILRSIK D
REREDRLENENHS,

T2

T1

Power-law

Bogdanov, S. et al. 2007, ApJ, 670, 668



NICER /

Neutron star Interior Composition ExploreR

*NASA explore MoOEL TERE,
oISSIZRRE NS, FREFEEHAIHFELT-EX
RE=EER,
o}TH E I : late 2016
o X#R X 5185 +SDD
o ITRJLX—EiF : 0.2-12 keV
B TIEFE : >2000cm2 @1.5 keV
600cm2 @ 6 keV
eITHRILX—5FERE :85eV @ 1 keV
137 eV @ 6 keV
oBFZI{T I FH5RE : <300 nsec

http://heasarc.gsfc.nasa.gov/docs/nicer/
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