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时间切片图方法介绍1 Strangeon star

（R. X. Xu et al. ,2017）

strange nucleon

strangeon



数据源1 Strangeon star 

传统意义上
的中子星

三味轻夸克对称
的奇异星

• Three-light-flavor
symmetry

• Self-bound
• Solid



时间切片图方法介绍2.1 Internal energy

𝑼 = (𝑼𝝅 + 𝑼𝒔 + 𝑈𝑒 + 𝑈𝛾+𝑣)

 gravitational binding energy of a collapsed core：𝐸𝐺~1.5 × 1053(
𝑀

𝑀ʘ
) erg = 𝑈

𝑛𝑒~10
−5𝑛𝑠，𝑈𝑒 ≪ 𝑈𝑠；

𝑈𝛾+𝑣~10
49erg≪ 1053erg.

𝑼 = 𝑼𝝅 + 𝑼𝒔

Two cases:
Isothermal: constant temperature  𝑇𝑟;
Non-isothermal: temperature gradient  𝑇𝑠.
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时间切片图方法介绍2.1 Internal energy

𝑼 = 𝑼𝝅 +𝑼𝒔



时间切片图方法介绍2.2 Thermal radiation

Neutrino radiation

中微子平均自由程

𝑙~103cm



时间切片图方法介绍2.2 Thermal radiation

𝑳𝒃𝒐𝒍= 𝑳𝒗.𝒔+ 𝑳𝒗.𝒃+ 𝑳𝛾

𝐿𝑣.𝑏=
4

3
𝜋 𝑅3 − 𝑅 − 𝑙 3 𝜀𝑝𝑎𝑖𝑟

𝐿𝑣.𝑠= 4𝜋𝑅2𝜎𝜈𝑇
4 ,   

𝜎𝜈 = 14.88 × 10−8W ∙ 𝑚−2 ∙ 𝑘−4

𝐿𝛾= 6 ∙ 4𝜋𝑅2𝜎𝛾𝑇
4 ,  

𝜎𝛾 = 5.67 × 10−8W ∙ 𝑚−2 ∙ 𝑘−4

（Parameters：R=13km、12km、
10km，and with corresponding 
M=3 𝑀ʘ ，2𝑀ʘ，1.4 𝑀ʘ）



时间切片图方法介绍2.2 Thermal radiation

Supernova explosion mechanism: Photon-driven （Chen et al. , 2007）。

Supernova neutrinos in strangeon
star model:  reflecting  the  information of 

the proto-strangeon star immediately.



时间切片图方法介绍2.3 Phase transition

• Solidification：melting  temperature 𝑇𝑚~1 − 6𝑀𝑒𝑉 (Lai et al. , 2013).

Time scale of the constant-temperature stage of phase transition process t，
𝑳𝒃𝒐𝒍 ∙ 𝒕 = 𝑼(𝑻𝒎)

• Thermal quantities：

（M.Yu et al. , 2011）



时间切片图方法介绍2.4 T-t evolution

• Before solidification: −
𝒅𝑼

𝒅𝒕
= 𝑳𝒃𝒐𝒍

• Solidification： 𝑳𝒃𝒐𝒍 ∙ 𝒕 = 𝑼(𝑻𝒎)

• After solidification：−𝑪𝒗
𝒅𝑻

𝒅𝒕
= 𝑳𝒃𝒐𝒍

Non-isothermal proto-strangeon star

（R=10km，M=1.4 𝑀ʘ）



时间切片图方法介绍3 SN 1987A neutrino burst

Kamiokande Ⅱ： 7：35：35UT±1 min;
IMB： 7：35：41UT ± 50 ms;
Baksan： 7：35：46UT ± 28s. 

• UT of the first case：

• energy thresholds ：
Kamiokande Ⅱ：4.5 MeV;
IMB：17 MeV;
Baksan： 10 MeV.

• Relation of neutrino energy and temperature：
𝐸𝜈 ≈ 3.15𝑇



时间切片图方法介绍3 SN 1987A neutrino burst

M=1.4𝑀ʘ，R=10km

Isothermal proto-strangeon star : 
𝑇0 =52.9MeV

Non-isothermal proto-strangeon star : 
𝑇0 =18MeV



时间切片图方法介绍3 SN 1987A neutrino burst

M=2𝑀ʘ，R=12km

Isothermal proto-strangeon star : 
𝑇0 =50.7 MeV

Isothermal proto-strangeon star : 
𝑇0 =17.8MeV



时间切片图方法介绍4 Conclusion and discussion

 The neutrino burst observed from SN 1987A could be re-produced in such a 
cooling model.

 The number of observed neutrinos is  small.
 JUNO can detect at least 5000 supernova neutrinos in future.
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