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* Nuclear shell model and sd-shell nuclei.

* Importance of Silicon in astrophysics. 

* Spectroscopic properties of 26Si.

* 26Si excitations of interest for the thermonuclear
25Al(p,γ)26Si reaction.

* Rate of reaction through a narrow resonance.

* Conclusion. 2
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THE SD-SHELL NUCLEI ARE 

THOSE HAVING A NUMBER OF 

PROTONS (Z) AND NEUTRONS (N) 

BETWEEN 8 AND 20 (I.E NUCLEI 

FROM 16O TO 40CA
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As it is the eighth most abundant 

element in the Universe, silicon has 

a significant astrophysical interest. 

This element plays a crucial role in 

the comprehension of 

nucleosynthesis, especially, the 

galactic chemical evolution,which

begins when gravitational

contraction raises the stars core

temperture to 2.7-3.5(GK).
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*23Al(p,γ)24Si Type I x ray bursts.

*25Al(p,γ)26Si      Type I x ray bursts, Carbon-burning and 

Explosive neon-burning. 

*23Ne(α,p)26Mg Explosive Ne/C burning (2.3 GK), 

Convective shell C/Ne burning (1.4 GK).
7



*26Al(p,γ)27Si Hydrogen-burning. 

*26Mg(p,γ)27Al Hydrogen-burning (MgAl cycle).

*31P(p,γ)28Si Hydrogen burning. 

*27Al(p,γ)28Si
25Al(p,γ)26Si
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* The structures of 26Si is not well known and it is

experementally difficult to reach because they have N<Z.

* We used its mirror nucleus 26Mg to determine the 𝑱𝝅

assignments in the neutron deficient isotopes 26Si.

* We calculated, using the PSDPF interaction, its 

excitation energies from 0 to ~ 9 Mev.
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* The 25Al(p,γ)26Si reaction is important for our understanding of

the 26Si abundance in massive stars.

* States in 26Si above the proton threshold energies (Sp =5.514

MeV), have an astrophysical interest and play a crucial role in

the calculation of the 25Al(p,γ) reaction rate.

* We propose the 𝑱𝝅 assignments of states of astrophysical

interest as fellow.
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E(Si) E(Si) Shell model (Si) Shell model (Si)

EEX(Mev) Jπ Eex(Mev) Jπ
i

5,518 (4+) 5,925 4+
4

5,676 1+ 5,693 1+
1

5,890 0+

5,929 3+ 6,283 3+
3

5,946 (0+) 6,278 0+
4

7,154 2+ 6,936 2+
7

7,418 (4+) 7,53 4+
6

7,496 2+ 7,214 2+
8

7,522 (5-) 7,447 5+
2

7,674 (2+) 7,575 2+
9

7,701 (3-) 7,495 3-
2

8,886 (1-) 7,492 1-
2

8,008 (3+) 7,7 3+
5

8,222 (1-) 8,077 1-
4

8,269 (2+) 8,379 2+
10

8,356 (3+) 8,301 3+
6
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In this case, the resonance energy must be ‘near’ to the relevant energy range ΔE to contribute to the stellar reaction

rate.

The contribution of a single narrow resonance to the stellar reaction rate is given as:

Here 𝑻𝟗 is the temperture in GK, 𝑬𝒓= 𝑬𝒇- 𝑬𝒊 is the resonance energy in the center of mass system, the resonance

strength in MeV for proton capture is given by:

Γ𝑡𝑜𝑡𝑎𝑙= Γ𝑝𝑖𝑓+ Γ𝛾𝑓 is a total width of the resonance level and 𝐽𝑖, 𝐽𝑝 and 𝐽𝑓 refer to the terget, the proton projectile

𝐽𝑝= Τ1 2 , and states in the final nucleus, respectively, which in turn depends mainly on the total and partial widths

of the resonance, and the reaction rate is determined by the smaller one of the widths.

𝑵𝑨 𝝈𝝂 =1,54× 𝟏𝟎𝟏𝟏 𝝁𝑻𝟗
− Τ𝟑 𝟐 𝝎𝜸 exp

−𝑬𝒓

𝑲𝑻
𝒄𝒎𝟑𝒔−𝟏𝒎𝒐𝒍−𝟏

𝜔𝛾𝑖𝑓 =
2𝐽𝑓 + 1

2𝐽𝑝 + 1 2𝐽𝑖 + 1

Γ𝑝𝑖𝑓Γ𝛾𝑓

Γ𝑡𝑜𝑡𝑎𝑙𝑓



18Electromagnetic properties of states in 26Si

Calculated 25Al(p,γ)26Si astrophysical 

reaction rate

Eex 

(MeV)

Jπ 𝜞𝒑
(eV)

𝜞𝜸(𝒕𝒉)

(eV)

Eres

(MeV)

ωγ (th)

(eV)

5,676 1+
1 1.3×10-9 1.20 ×10-1 0.162 3.25×10-10

5,929 3+
3 2.9 9.20 ×10-2 0.415 5.2×10-2

5,946 0+
4 1.9×10-2 5.70 ×10-3 0.432 3.65×10-4

6,295 2+
6 5.06×10-1 6.90×10-2 0.781 2.53 ×10-2

6,383 4+
5 1.22×10-1 1.66×10-2 0.869 1.09×10-2

6,811 2‾1 0.11 2.77×10-1 1.297 3.28×10-2

7,019 3+
4 8.7×102 2.27×10-1 1.505 1.32×10-1

7,154 2+
7 2.7×103 2.75×10-1 1.640 11.46×10-2

7,418 4+
6 1.1×103 3.31×10-1 1.904 2.48×10-1

7,496 2+
8 15.9×103 1.12×10-1 1.982 4.67×10-2

7,674 2+
9 30.1×103 5.36×10-1 2.160 2.23 ×10-1

7,701 3‾2 41×103 8.39×10-1 2.187 4.89×10-1

7,886 1‾2 22.8×103 6.21×10-1 2.372 15.52×10-2

8,008 3+
5 3.6×103 1.75×10-1 2.494 10.21 ×10-2



➢
26Si structure is of nuclear astrophysical interest, especially, its 𝐽𝜋 assignments,

Which play a crucial role in the calculation of the 25Al(p,γ) reaction.

➢ Experimentally, the 26Si spectrum is not so well known as the one of 26Mg.

➢ A comparaison with the mirror nuclei 26Mg is important as well as with shell

model using our (0+1) ℏ𝜔 PSDPF interaction.

➢ This study led us to confirm the uncertain states (states with uncertain 𝐽𝜋) and to

predict 𝐽𝜋 assignments for the unidentified ones (states with unknown 𝐽𝜋). The

𝐽𝜋 assignments for states of astrophysical interest were also proposed.

➢ This rp-process reaction rate 25Al(p,γ) is crucial nuclear physics input to

astrophysical models of nucleosynthesis in novae, supernovae and explosive

hydrogen burning. We calculated it for 26Si.
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