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𝑀𝐶 = 1.4 × 2𝑌𝑒





Urca Cooling Heating

20𝑁𝑒 (𝑄𝑒𝑐 = −7.5 MeV )
24𝑀𝑔(𝑄𝑒𝑐= −3.4MeV )

𝑒− conserving 𝑒− decreasing



Competition Between

Temperature and

Forbidness



(1989)

𝐵𝑅~1 × 10−5

(exp. upper limit)

Martinez-Pinedo et al. (2014)
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Estimate needed!
(possibly experiment)

𝑇 = 0.4 × 109 K

𝑇 = 1.0 × 109 K

NPA 475, 1 (1987)
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Shape Factor
(Nuclear Physics)

Fermi Distribution
(Statistical Description)
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𝐶(𝐸) (forbidden)

(2° forbidden)𝐶 ~ 𝐸4

Ԧ𝑟𝑎, Ԧ𝑝𝑏, 𝜎, 𝜏

Combination of

| ۧ𝑓, 𝑖 USD-B Shell Model



𝜆𝛽
−
=
𝑙𝑛2

𝐾
න
1

𝑄

𝐸𝜈
2 𝐸𝑝 𝐶 𝐸 𝐹 𝑍, 𝐸 𝑑𝐸

β-spectrum20𝐹(𝑔𝑠 2+ ) → 20𝑁𝑒(𝑔𝑠 0+ )

𝐵𝑅 = 1~3 × 10−6

𝐸 ≈ 3.8MeV

𝐸 ≈ 4.0MeV



20𝐹 → 20𝑁𝑒

Total β-spectrum

Allowed

Forbidden



O. Kirsebom (2015)
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𝑇 = 0.4 × 109 K

𝑇 = 1.0 × 109 K

𝑒− capture
0+ → 2+

2+ → 2+

2+ → 3+

0+ → 1+

In Astrophysical
Environment

0+ → 2+



𝛽− decay

0+ → 2+

dominant until
𝑇~0.7 × 109 K

In Astrophysical
Environment

𝑇 = 1.0 × 109 K

𝑇 = 0.4 × 109 K
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Neutrino EC-Spectrum
𝑇 = 0.4 × 109 K

𝑇 = 1.0 × 109 K

𝜌𝑌𝑒 = 109.5𝑔/𝑐𝑚3



Electron Screening effect



𝑇 = 0.4 × 109 K
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