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Bigger is different: compression of

normal baryonic matter by gravity inside a gigantic nucleus

(R.X. Xu etal.,2017)
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Hadron star: Quark star: Hybrid/mixed star: Strangeon star:
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Internal energy

U= U, +Ug+U, + U,

@ gravitational binding energy of a collapsed core: E;~1.5 X 1053(1\%) erg =U

®n.~10""n,, U, K Uy;
®U,,.,~10%erg« 10>3ers.
U=U,+U,

Two cases:
Isothermal: constanttemperature T ;

Non—-isothermal: temperature gradient T.



Ulerg)

isothermal

3
Us =§NkTr
AV 5 €
Un- = 3? D [ dp
0 eklr —1

10 20 30 40 50 60 70 80 90
T, (MeV)

Non—isothermal

0 5 10 15 20 25 30
T. (MéV)



energy

Ulerg)




S SRECIEI

MO

Neutrino radiation 10 20 30 40 50 60 70 80



Lpor= Lyst Lypt+ Ly,
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Supernova explosion mechanism: Photon-driven (Chen et al., 2007) -

10°°F
: Supernova neutrinos in strangeon

R star model: reflecting the information of
§ the proto-strangeon star immediately.
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Phase transition

* Solidification: melting temperature T,,,~1 — 6 Mel/ (Lai etal., 2013).

Time scale of the constant-temperature stage of phase transition process t,
Lpor-t =U(Ty)

Thermal quantities: SN

Ure :fCVdT.
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T-t evolution

. Before solidification: — %Y = Non-isothermal proto-strangeon star

L
dt bot 181

* Solidification: Lpo; -t = U(T,y) 18]
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SN 1987A neutrino burst

PRI ARG I] REEE [PRNES MIXT ) fRE * energy thresholds :
s)  (MeV) (s)  (MeV)  Kamiokande II: 4.5 MeV;
K1 0 20029 11 0 38+7 IMB: 17 MeV:; L ]

K2  0.107 13532 12 0412  37+7
Baksan: 10 MeV.
K3 0303 75+20| I3 0650 28+6

K4 0324 92+27| 14 1141 3947 09/1994

K5 0507 128429 15 1.562  36+9 _
K6 0.686 63+1.7| 16 2.684  36+6 * UT of the first case:

K7 1541 354+80 17 5010  19+5 . :
8 8 Kamiokande IT : 7: 35: 35UT+1 min;
K8 1728 21.0«42 18 5582 2245

K9 1915 19.8:372 IMB: 7: 35: 41UT 4+ 50 ms;

KI0 9219 8.6+2.7 Baksan: 7: 35: 46UT + 28s.

K1l 10.433 13.0+£2.6

K12 12439 8.9:29| BI 0 120:24 e Relation of neutrino energy and temperature:
KI3 17.641 65+1.6| B2 0435 17.9+36 (E,) ~ 3.15T

K14  20.257 54+14| B3 1.710  23.5+4.7
K15 21.355 4.6x1.3| B4 7.687 17.5£3.5
K16 23814 6.5+1.6| BS 9.099 20.3+4.1




SN 1987A neutrino burst
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SN 1987A neutrino burst
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n 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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