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Nuclear weak process for nucleosynthesis
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p Pprocess. accreting neutron star

@ X-ray bursts

@ Urca cooling

EC: X+e — ,AY+u,
O SAY = X4e +1,

H. Schatz et al., Nature (2014)
L.-J. Wang et al., Phys. Rev. Lett. (2021)
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rp process: waiting-point nuclei

X-ray bursts:

H and He are fused eplosively up to Te

within short time (10-100s)

Energy production through rp-process
Rapid proton captures vs. beta decay

Duration and the shape of
the observed light curves
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| H. Schatz et al., Phys. Rev. Lett. 86, 3471 (2001)
61‘5@ 54| 63G4 aG'é and references therein
5871 59Zn | $8Zn| 61Z1{| 62Zn waiting points due to
slow beta decay

N=Z

X. Zhou et al., Nat. Phys. (2023)

from Jokinen's slides

S_(keV) <€— One-proton separation energy
Szp (keV) €¢— Two-proton separation energy
«—1— Mass number
/Z-\ El <—— Element name
~————— Proton number

4 (p.y) proton capture

-641(42)
4,250(42)

S2Br

2,465(74) 1,813(21) 4,891(1)
¥ () photodissociation 2,244(61) 4,649(20) 7,160(2)
: §aSe §ise 88Se
\ B’ decay
we 210 ~221(42) 2,836(6) 2,269(2)
nucleus 2,301(110) 4,837(42) 7,770(6) 8,508(1)
64 65 66 67
Proton- 33AS 33AS 33AS 33AS
unbound
nucleus A * +
taker 2.280(15) 057(4 4,934(3) 6,239(3)
taken from 5,207(22) 4 8,843(3) 16.181(2)
AME"20 3 ; o o
Mass »Ge e 32Ge % Ge
measured
for the first time A *
brertai 2,92716) 2,668(1) 3,908(2) 3,942(1)
!.lncertalnty 8,220(2) 9141(2) 10.6232) 11.6560)
improved 62 o3 ) .
21Ga sGa a1Ga $Ga
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@ Urca Neutrino Cooling for Accreting Neutron Star
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Neutron-star structure

A NEUTRON STAR: SURFACE and INTERIOR
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Meisel et al: JPG (2018)

Lattimer and Prakash: Science (2004)
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Accreting neutron star

@ X-ray bursts

@ Urca cooling

EC: X+e — ,AY+u,
O SAY = X4e +1,

H. Schatz et al., Nature (2014)
L.-J. Wang et al., Phys. Rev. Lett. (2021)
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Urca cooling
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Meisel et al: JPG (2018)

H. Schatz: Nature (2014)
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Neutrino luminosity: Previous expression
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Deibel, Meisel, Schatz, Brown & Cumming: ApJ (2016)
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Nuclear excitations: odd-A
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Neutrino luminosity: modified expression
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L.-J. Wang*, L. Tan, Z. Li, G. W. Misch and Y. Sun*: Phys. Rev. Lett. (2021)
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Effects of nuclear excitations
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L.-J. Wang*, L. Tan, Z. Li, G. W. Misch and Y. Sun*: Phys. Rev. Lett. (2021)
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€ Half-lives for rp-process waiting points
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rp-process waiting points:

X-ray bursts:

H and He are fused eplosively up to Te

within short time (10-100s)

Energy production through rp-process
Rapid proton captures vs. beta decay

Duration and the shape of
the observed light curves
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slow beta decay

N=Z

X. Zhou et al., Nat. Phys. (2023)
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Stellar weak rates

B~ X — ;A Y +e +u, EC:
B X =AY +et +u, PC:

@ Without magnetic field:
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= | COMRZ W@+ WS, (5
Ny =2 1QifC(W)FO(—Z+1aW)pW(Qif_W)Q[l—sp(W)]dwa (6
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Stellar weak rates

B~ X = A Y +e +u,  EC:oX+e — Y+,
BY X =AY +em ., PCipX+em — Y+,

@ With strong magnetic field:
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Allowed transition

# Reduced nuclear transition M.E.
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qy / eff 2J; +1
@ Transition operator:
gA gA
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qy / eft gy / bare
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e e 1f; 00000000
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https://www.physics.sjtu.edu.cn/ ysun/
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Stellar rates: PSM

@ Description in intrinsic system

{allo)(e), afaal,|o(e), alal al,|o)).
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@ Transform to laboratory frame

’\V}M> - Z F?KKPJ\QK@K% (18)
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A 2J +1 A
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L.-J. Wang, Y. Sun* & S.K. Ghorui: PRC (2018), L. Tan, Y.X. Liu, L.-J. Wang* et al.,: PLB (2020)
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Waiting points:
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Z.-R. Chen and L.-J. Wang*, Phys. Lett. B 848, 138338 (2024)
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Waiting points: stellar rates
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With strong magnetic field: Preliminary
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With strong magnetic field: Preliminary
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O Summary
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@ Effect of excited nuclear states for Urca neutrino cooling in ac-
creting neutron star.

@ Stellar weak-interaction rates for rp-process waiting-point nuclei
by projected shell model.

@ Calculate 5 (neutrino) spectrum for experimentalists,
@ First-forbidden transition of 5 decay for astrophysics,

@ New updated data tables of stellar weak-process rates for s-, rp-,
7-Processes ...

& Two-body currents for 5 and 055 decay with qp excitation,
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