Cassiopeia A HEFED
BHHRRETZ A Y

KH B
(BRRKF)

A N Eiftif5E= PPP2018
2018F8H 10

K. Hamaguchi, N. Nagata, K. Yanagi, and J. Zheng, [arXiv: 1806.07151].



Outline

2 Cas A FEFE2£

b hEFEEESHIEZRECas A

2 7 AYNHICK D EH]
B &b

/\/\



Cas A &

/\/\



3 Cassiope

1de

/\/\

3 Cassiopeiae

A TS
C.OFE L EisS T 186

P4 ATISS A
-

John Flamsteed
YIRKEEKRXXE

168058 H16H [C 3 Cassiopeiae x50k U e,

L ULRDS, ZENLHRE UIGFTIC
ENBAIESND Z EFRb > T,




Cassiopeia A (Cas A)

AT ER

d =3.4%)7 kpc

Chandra (2011)."

Al
0k
N
o

F (& -

BIERBOEEND, [HERE
:Ill‘/-‘ ?ﬁ{%ﬁjuéni—;o

>=11

FIERICF




Cas A NS Cooling
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Today'’s topic
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D. Pager, M. Prakash, J. M. Lattimer, and A. W. Steiner, Phys .Rev. Lett. 106, 081101 (2011);
See also, P. S. Shternin, D. G. Yakovlev, C. O. Heinke, W. C. G. Ho, and D. J. Patnaude, MNRS 412, L108 (2011).
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Size of neutron star vs Kyoto
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Standard Cooling
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Pairing effects on neutron star cooling
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Surface temperature

Ts [K]
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Slow neutrino emission
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Slow neutrino emission and Cas A NS
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Fit with minimal cooling
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Cooling source and Cas A NS
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AXxion
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Axion-nucleon couplings

KSVZ axion model J. E. Kim (1970); M. A. Shifman, A. |. Vainshtein, V. |. Zakharov (1980).
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AXion emission processes
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Luminosity of axion emission

KSVZ, f, =3 x 108 GeV, T =5 x 108 GeV
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Core temperature of Cas A NS
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Cooling curves vs data
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Conclusion
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Spectral fit of Cas A NS
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K. G. Elshamouty, C. O. Heinke, W. C. Ho, A. Y. Potekhin, Phys .Rev. C91, 015806 (2015).
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Neutrino emission
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Direct Urca Modified Urca Bremsstrahlung
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Direct Urca process rn—p+e +v, e +p—n+v
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Direct Urca condition
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Cooling curves
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Neutrino emission
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Cas A NS cooling

CasANS EET—%

TABLE 1. Chandra ACIS-S Graded mode temperatures.

ObsID Year Tor®
114 2000.08 2.14519-009
1952 2002.10 2.14270-009
5196 2004.11 2.11810-001
(9117,9773)° 2007.93 2.09510-007
(10935,12020)" 2009.84 2.08075 008
(10936,13177)" 2010.83 2.07075505
14229 2012.37 2.05070-009
14480 2013.38 2.07515-909
14481 2014.36 2.045109-009

[%10° K]
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K. G. Elshamouty, C. O. Heinke, W. C. Ho, A. Y. Potekhin, Phys .Rev. C91, 015806 (2015).
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1So neutron gap
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1So proton gap
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SP2 neutron gap
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Luminosity of axion emission

Luminosity [erg/s]
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Neutron star structure

Quter crust

Neutron-rich nucleus (crystal)

— Electron

Inner crust

Neutron-rich nucleus, electron

_. Neutron superfluid: 1S

Quter crust

Electron, muon
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Inner crust po=28x10"* g-cm™

Neutron superfluid: ° P;

Hyperons, /K condensation, quarks (?)



Temperature distribution
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Cas A NS Cooling
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