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Crab Nebula |
SN1054 (e.g.. Meigetsu-ki, Teika Fujiwara)
| Crab pulsar. (PSR J0534+2200), dlscovered in 1968.

i TRy

Hubble space telescope



Basic properties of neutron stars

s Masss M=(1-2)M _ (M~14M )
# Radius: Skm <R <20 km (R~10Kkm)

# Supported by Nuclear Pressure
c.f. Electron pressure for white dwarts
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Massive Neutron Star Puzzle
s ENVPEFE(2BSOKRKBEE) DEA

Demorest et al., Nature 467 (2010) 1081 (Oct.28, 2010).
PSR J1614-2230 (NS-WD binary), 1.97 £ 0.04 M_

o —REIEXEE R (Shapiro delay) [CEI<HERE
o FBELGAEEDMAE + ELWERIFER Strange Hadron
s BEEREAER E0S) [CHLHE  EFFTEOS
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Compact Neutron Star Puzzle

8 X-ray from Quiescent Low-Mass X-ray Binaries

o EREBDHEZLOHHFEI LD X BT —2DBRH
o LOMDIRE (KFEXK. BRIE. FHMS)
o BAPHFEDHEEMNFELELT fit

6 ' 14 16
Rys (km)  Guillot et al. (2013)
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How can we solve Neutron Star Puzzles

s RiEFENXIL

e B (~2M ) HHEFE/NXL
BFLUNDNFOVEBRTHEPFHEFENIZ NG !

@ a8k (~9km) PHEFE/NXIL
BEOREBAFEXTIE 12 km BEQOEEF!
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ERLB A THEHENT PHEFEDEYE (2012-)

Hypernuclei, Kaonic nuclei
YN & YY int.,
Eff. Interaction

(Heavy-ion collisions)

Hyperons, mesons, quarks

Asym. nuclear matter
+elec.+p

Nuclei+neutron gas+elec.

Nuclei + elec.

dLow p (Group B

Sym. E, Pairing gap,
S Obs. (Group C BEC-BEC cross over,
Cold atom, Unitary gas

Radius, Mass,

Temp. (Cooling),
Star quake, Pasta
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NP FEZZZ DD ?

s FEHEINT - EOS

= SUQ3) (or SU(6)) M FEIZEIh R F3Z#

RCIRD 2 EFANICEKSBT

L ERRE A IER

Glendenning, Moszkowski ("91)

o HAXMRIIRZEHTE. oA R ~ (N EE5)x(23)

LT BE.1.97TM ¢ ITFZZENELY,
— RIMVHBIFRBLNADEROFTANHS ! 8 8
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Nishizaki, Takatsuka, Yamamoto ('02) : “w \
R e SANE

@ BREDEJEA Bednarek, Haensel et al.('11) s

@ Vector $5&I12SU®6) DIENEEA = 0
Weisenborn, Chatterjee, Schaffner-Bielich ('11)

o VA—UME~NDHER

Masuda, Hatsuda, Takatsuka ('13)
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Universal Three-Baryon Repulsion

# “Universal” 3-body repulsion is necessary to support NS.
Nishizaki, Takatsuka, Yamamoto (‘02)

# Mechanism of “Universal” Three-Baryon Repulsion.
@ “g”-exchange ~ two pion exch. w/ res.

@ Large attraction from
two pion exchange is suppressed
by the Pauli blocking T .
in the intermediate stage. @ | & |
M. Kohno ('13) | T =]

Physical Picture

[=
Ll
T

“Universal” TBR v EFT
e Coupling to Res. (hidden DOF)
* Reduced “c” exch. pot. ? AP S ok

How about YNN or YYN ?

== \PQS
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Ch-EFT EOS

# Phen. models need inputs from

Experimental Data and/or Microscopic (Ab initio) Calc.

8 Recent Ch-EFT EOS is promising !
NN (N3LO)+3NF(N2LO)
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Three-Baryon Repulsion with Hyperons
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AQ] Brvyon-baryon interaction with multi-straneness

=N=>AA Int. =N Int. AA Int.
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EDEILLEOS BBEIAINIRGHMEFENENED ?

s WFF1: Guillot et al.('13) &$EFE/E EOS
Wiringa, Fiks and Fabrocini, PRC 38('88)1010

o WMIRILF—DRRLEHBEKFE
BEETLI—HEIELNS

| I I R S I I I N N R I R L
i uviq+«uUvil [
80 N —
_ oo .-
L 2 uvi4 T TR
Em 2 \N{J AVIG+UVIDN, 5,
- 4Or_ li‘l.i B
N4 . 2
o UVI4+TNI
AVI4 \
20+ 2
LVEERERT L ]
Wﬁ‘-I?‘/b:F_wﬁéﬁL ‘é: S R T N T RN THEN N Y TN N R B N
~ —_ : ; } I : :
Hﬁbﬂ‘/ﬁbf‘ EOS fﬁﬁﬁ o 0.2 04 06 QB8 O 1.2 .4

p (fm™>)

== \PQS
- YTP“# Ohnishi @ Kyushu U., 2014 17




Cad
=

S(p) (MeV)

e | . 0.5 1.0
Density p/p,

Density p/p,

By Murakami (B01)



Prediction of Bao-An LI
NPA 708 (2002) 365
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How to determine the EOS? ---Projects of B02

OS(p) - Sy, L(pressure), Ky (Incompressibility)
< Collective Motion of Neutron-rich Nuclei
n-skin

Pygmy Dipole Resonance (E1)
Breathing Mode (EQ)

«——— Y.Togano, M. Shikata, CATANA-> PDR of °2Ca,
PDR Approved (Grade-A) by PAC in Dec.2013 !

O Superfluidity €< Dineutron correlation in low-dense matter

@

Coulomb Breakup of 2n Halo 2C and 1°B

Done at SAMURAI, 2012.
Analysis: R.Minakata,S.0goshi,J.Tsubota

OS(p)<Nuclear force
(density dependence, isospin dependence, 3N/4N force)

< tetra neutron, exotic nucleonic system 4n :n 26, 280y
S.Shimoura 4n exp at SHARAQ Done, Next-generation N-array ~ @

Kondo: 260, Done at SAMURAI, 2012, 280 exp Approved by PAC (Grade-S)
Sekiguchi 3N/4N force

OS(p)<Bulk Property
< neutron skin thickness(Tamii,Togano),masses (Yamaguchi)

By Nakamura (B02)
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ALICHEFEIFETEI /TR H ?
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By Tadayuki Takahashi (C01)

6. ASTRO-H Features --- High Resolution Spectroscopy --- IiﬁIlF

GRO J1655-40
The superior resolution of SXS in the Fe K band

enables the unambiguous detection of weak and e
narrow lines from a wind.

Chandra _ . ASTRO-H (50ks)

" ' : ' | ' s R Same Model Paramelers with the Chandra resaft ]
s
E a4
Ej Lines are saturated
% " but not black due
2 © [ to scattering,
2 [ resolution.

Running out of 5/N

.01
gL

- | PO | PR gl
3] ) A g 10 q =] =] F) A 9 10
Enargy (keV) Energy (keV)

(Simulation by J. Miller) ASTRO-H SXS can handle 250 ctsfsm
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Thank you !
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