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Binary star system

- X-ray Bursts
- Classical Novae
- Super Novae 

Important reactions

- 15O(α,γ)19Ne

- 18F(p,α)15O

- 25Mg(p,γ)26Al

…

Purpose of nuclear astrophysics study19Ne: 18F(p,α)15O reaction in rp-process

Triple α process
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19Ne: Nucleosynthesis of 18F in classical nova
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Production of 18F in classical nova



19Ne: Nucleosynthesis of 18F in classical nova
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19Ne: Nucleosynthesis of 18F in classical nova

5

18F

18F(p,α)15O

18F(p,γ)19Ne

Production of 18F in classical nova

Destructive reactions of 18F

Study 19Ne level structure is a 
key role for the 18F(p,α)15O 

reaction which determines the 
abundance of 18F in classical 

nova!



Ex (MeV) Γα (keV)
Γp (keV) or 
ANC(fm1/2) Jπ

6.286(3) 11.6 83.5 3/2-

6.417(3) <0.5 1.6E-41 3/2-

6.439(3) 220 3.8E-19 1/2-

6.457(3) 1.3 2.1E-13 3/2+

6.699(3) 1.2 2.4E-05 5/2+

6.742(2) 5.2 2.2E-03 3/2-

7.075(17) 23.8 15.2 3/2+

Motivation: Missing states in 19Ne
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Key resonances 
for the 18F(p,α)15O 

reaction rate 
calculation in 19Ne

D. Bardayan et al., PLB 751, 311 (2015)

Calculated the 
18F(p,α)15O S-factors

Known resonances in 19Ne for the 18F(p,α)15O reaction
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Missing ??
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isospin 
symmetry in 19F)
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Missing ??
(by assuming 

isospin 
symmetry in 19F)

Key resonances 
for the 18F(p,α)15O 

reaction rate 
calculation in 19Ne

D. Bardayan et al., PLB 751, 311 (2015)

Calculated the 
18F(p,α)15O S-factors

Known resonances in 19Ne for the 18F(p,α)15O reaction

It would reduce the reaction rate 
uncertainties at the nova temperature!



CRIB facility

Primary target 
Gas: H2

Pressure: 540 Torr 
Temperature: 90 K

Second target 
Gas: 4He 
Pressure: 600 Torr 

CNS RI Beam facility 

(CRIB)

15O
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 Two experiments (15N+α, 15O+α) were performed.


15N+α scattering:

Providing indirect information and constraining on 19Ne 

resonance parameters

F3 PPACs
F3 Slit

F2 PPAC
F2 Si

F1 Slit
F2 Si

Beam purity  ~ 99%

Ebeam = 38.06 MeV 



Experimental set-up

 Two ΔE-E telescopes were installed for 

the particle identification.

• Resolution: Ec.m. = 40 keV 

• Thickness: ΔE ~ 20 μm, E ~ 480 μm

• Angle coverage: θc.m. = 133-180⁰

Particle identification with ΔE-E telescope 
4He

15O beam
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Beam 
stop

2.3 MeV/uα
α

AB

Thick target inverse kinematics (TTIK)

θc.m. = 172-175⁰



Results: 19Ne (extracted resonance parameters)

11~ 28 resonances were identified in Ex = 6.0~11.5 MeV

Resonances which affect the 18F(p,α)15O reaction rate



Results: 19Ne (extracted resonance parameters)
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Predicted missing states



Results: Identify two missing states

 Enlarged area of the excitation function of 19Ne in Ex = 6.6-7.2 MeV
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Results: Identify two missing states

 Enlarged area of the excitation function of 19Ne in Ex = 6.6-7.2 MeV

14Two missing states are required for the R-matrix fitting of 19Ne excitation function!



Results: Updated S-factor calculation
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 Updated S-factor including two missing states (6. 860 and 7.055 MeV states)

Ex = 6.860 MeV 
Γα = 44(19) keV

Almost comes from



Results: Updated S-factor calculation
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 Updated S-factor including two missing states (6. 860 and 7.055 MeV states)

Ex = 6.860 MeV 
Γα = 44(19) keV

Almost comes from

The missing state at
Ex=6.860 MeV affect the S-

factor calculation by several 
factors difference around the 

astrophysically important 
energy range!



Results: Updated S-factor
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 Updated S-factor including two missing states (6. 860 and 7.055 MeV states)

Ex = 6.860 MeV 
Γα = 44(19) keV

Never been measured!

Measured in 
this experiment



Ex = 6.860 MeV 

Γp = 7 eV
Γα = 44 keVMeasured in 

this experiment

Results: Proton width calculation

18

Finding the minimum kai-
square between 

experimental value and the 
calculation result by varying 

the proton width value.



Ex = 6.860 MeV 

Γp = 7 eV
Γα = 44 keVMeasured in 

this experiment

Results: Proton width calculation
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 Proton width upper limit of 

the missing state at Ex = 

6.860 MeV in 19Ne with 1σ

confidence level is ~ 14 eV.

Very close to the deduced 
value (12 eV) from the mirror 
state in 19F!

Finding the minimum kai-
square between 

experimental value and the 
calculation result by varying 

the proton width value.



Summary

• Studied missing states in 19Ne near proton 

threshold (Ex=6.410 MeV) for the 18F(p,α)15O 

reaction rate which is a nuclear astrophyiscally

important reaction in a classical nova.

• Identified ~ 28 resonances in 19Ne including 12 

new resonances via the 15O+alpha elastic 

scattering experiment in Ex = 6.0 ~ 11.5 MeV.

• Observed two missing states near the proton 

threshold.

• Calculated proton width for one of  the missing 

state at Ex = 6.860 MeV, and which would change 

the S-factor by several factors at Ec.m.= 0.4-0.5 

MeV region and contribute to the 18F(p,α)15O 

reaction rate at nova temperature.
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ekgl

Thank you for your attention
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Results: 19Ne (Alpha cluster states)

R. Otani et al., Phys. Rev. C 90, 034316 (2014)

 Resonance parameters of alpha cluster state

candidates from this experiment 

22

 Predicted alpha cluster states 

using the simple potential model

E c
.m

.

(θ2 > 0.1) : alpha cluster state 

7/2+, 5/2+ 11/2+, 9/2+



Motivation: Alpha cluster states in A=19 isotopes
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 Theoretical calculation result using 

simple potential model on the 

excitation energies of the cluster 

structure states in 19Ne.

 The 15O+α excitation function fitting result 

(θc.m =  180°).  The states with negative alpha clus

ter states, Jπ = 13/2- and 11/2-, were measured.

D. Torresi et al., PRC 96, 044317 (2017)R. Otani et al., PRC 90, 034316 (2014)

Finding positive alpha-cluster states which were predicted by theoretical 
calculation. 


