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Motivation

e (lassical nova

Binary star system

- X-ray Bursts
- Classical Novae
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Motivation

* Properties of 5F

~110min y-ray detector

Table 1.1. List of 4-ray emission types for CO and ONe nova [T7].

Nova type Isotope Mean lifetime Main emission type

CO & ONe & 9.965 min 511 keV line & continuum
CO & ONe 109.77 min 511 keV line & continuum
CO 77 days 478 keV line
ONe 2 2.6018 yr 1275 keV line
20 10° yr 1809 keV line
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18F( p, 2)1°0 reaction in nova explosion

""O(p,9) } ‘ { (p,a)"°0
17F(p,)18Ne(e*v,)

/ (0,7)'°Ne

=) Important positron annihilation source

18F(p,a)1°0 reaction rate is dominated by

1. 3/2  resonance at E_, = 330keV = clearly measured.
2. the interference of 3/2* states at E_,= 8 and 38 keV and broad
resonance at E_,= 665 keV = still controversial !!



발표자
프레젠테이션 노트
The emission of gamma rays by novae is dominated by e-e+ annihilation of which main source is from beta decay of 18F. 
18F is produced via the 17O(p,g)18F reaction and by beta decay of 18Ne, while it is destroyed by the 18F(p,a)15O and 18F(p,g)19Ne reactions.
18F(p,a)15O rate is dominated by the two known resonances at Ex=6.74 and 7.07 MeV.  
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PRL 110, 032502 (2013)
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D. Seiler._m'” and H-F Wirth!"!?

Is y-Ray Emission from Novae Affected by Interference Effects in the 13F(p, )0 Reaction?

A.M. Laird,"* A. Parikh,* A.St.J. Murphy,* K. Wimmer,>® A. A. Chen,” C. M. Deibel.>? T. Faestermann,'®"!
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Present work

E. MeV) E., (keV) J7 I, (keV)’ I, (keV)®
6.014(2) —397 3/2° e
6.072(2) —339°¢ (3/27,5/27) 0.143 6x 1074
6.097(3) —314 (7/2,9/2)* e .
6.132(3) —282¢ (3/27,5/27) 0.143 7x 1074
6.289(3) —122 . e
6.416(3) 5 (3/27,5/27) 47x107Y, 1.2 % 0.5, 0.126
6.440(3) 29 (11/2%) e e
6.459(3) 48° (5/27) 8.4 x 10714 5.5
6.700(3) 289 st

6.742(2) 331¢ (3/27) 2.22 x 10~ 5.2¢
6.862(2) 451 (7/27) 1.1 x 10734 1.2¢

None of three states just above the proton threshold are found to be consistent
with 3/2+ assignment!


발표자
프레젠테이션 노트
By the way, a recent PRL paper shows very different results. This box represents three states just above the proton threshold. But, as you see, any of these states are  not consistent with a 3/2+ assignment. So, we need to identify this problem.  


We need to decide the resonance energy and J* of important
states around the proton threshold for the determination of the
reaction rate.
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mm) |ow alpha threshold energy!
Easy to find the resonances around the proton threshold
via 1°0 + o !



발표자
프레젠테이션 노트
7MeV 이하 즉, 가모윈도우 내에서 알파위쓰를 직접 측정한 적은 없음. 모두 계산 값.


Motivation

* 18F nucleosynthesis in the classical nova

Destructive reactions
of 18F

--->HCNO-III
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Previous study

Interference effect

Several resonances near the
proton threshold (E, = 6.411
MeV) mainly affect the
18F(p,a)*>0 reaction rate in T =
0.04 ~ 0.4. These states were
well investigated by many
studies.

However, the 3/2+ sub-
threshold states and above the
proton threshold have
interference, and they affect
the reaction rate between T, =
0.04 ~ 0.4.

2018.08.23 The 12th APCTP-BLTP JINR Joint Workshop

K. Y. Chae et al.

Astrophysical S- factor of the '8F(p,a)*>0O reaction
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발표자
프레젠테이션 노트
Important states already were studied but we will improve resonance parameters 


Previous study

 Missing state

e Due to the insufficient
experimental results in Ne,
important resonance
parameters of 1°Ne were
extracted from the mirror
nucleus *°F.

e The E, =7.054 MeV state in
PNe may affect the
18F(p,a)*>0 reaction rate.
However, it has not been
measured yet.
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C.D. Nesaraja et al.
15Ne and 1°F mirror states
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발표자
프레젠테이션 노트
Important states already were studied but we will improve resonance parameters 


Previous study

e Alpha cluster states

_ Excitation energy [MeV)
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e 132+ | 1 LI LA B LN LR | N
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* Data

F| —— R-matix fit

C| — — B-matrix no new states
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D. Torresi et al. (2017)

150+alpha excitation function fitting resul
t (6., = 180°) Fitting result used R-matri
x code (SAMMY)
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Otani et al. (2016)
Theoretical calculation on the excitation
energies of the cluster structure states




Purpose

m To study the 8F(p,a)'°O reaction rate
- Affects the abundance calculation model of 8F in
the classical nova

150+ — 19Ne*

m Find accurate resonance parameters of °Ne near

the proton threshold
Spin,

6.419 MeV]6.449 MeV| ™"’
(7.054 MeV), 7.0757 MeV,[7.420 MeV

Missing state Existence ??

m To investigate the structures of Ne and °F in a
wide energy range



발표자
프레젠테이션 노트
Excitation is the most important parameter and there is some uncertainty alpha width and spin parity resonance in 19Ne
There fore


'‘He gas target
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Reaction reconstruction

e Reaction reconstruction

Mylar 20pm

cost = Vbeam : 7@

The reaction point depends on the detected a
sastissstassntesint particle energy, a position, the beam direction,

> Reconstructe"éi beam and energy loss in the target.

position at the F3 window
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Reaction reproduction

e Differential cross section

do  YM(*He)
dQ  NpeamNaT.rrAQ

Y :yield (#/5s)

M(*He) : 4.003 g/mol

Nbeam : NuMber of 1°0 beam particles
Na : Avogadro number(6.02*1023#)

Tefr : Effective thickness (g/cm?)

AQ : solid angle (sr)




Data analysis

e Background reduction

P R IR B ST B i
3 4

5 6 8
Ecm. (MeV)

150 + a elastic scattering

150 + argon run
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Result

e Cross section

-~
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do/dQ (mb/sr)
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The excitation function for 1°Ne The excitation function for 1°F
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Result

e Cross section

do/dQ (mb/sr)

IllwHlllHII[]IIIlIHI}IIIL

E.m (MeV)

The excitation function for 1°Ne The excitation function for 1°F
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Result

The obtained °F resonance parameters

TABLE I: Resonance parameters of the levels in 1F with E, = 6.5 - 7.9 MeV.

Previous study

This work

E, (MeV = keV) I', (keV) I' (keV)

J7

Ref.

Eem (MeV) E; (MeV) Ty, (keV)

6.536 £ 5% 245+ 6 -
6.838 £+ 0.9° 1.2
6.989 + 3° 96 + 6
7.114 + 6° ~ 30
25 + 4
32
65

7.56 + 10° -
7.587 Diap < 50
770245
7.88¢

1
2
5
2
1
2
3
2
5
2
i
2
i
2

19, 23, 25]
19, 23)
19, 23]
19, 21

(23]
15, 19]
19, 23]

“from Ref. [23]
Yfrom Ref. [29]
“from Ref. [19]

* used for the calibration
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Result

 The obtained °Ne resonance parameters

Table 3.3. Summary of Ne resonance parameters compared with previous studies.

Previous study ‘ This work
E;* (MeV + keV) E.,® (keV) T, (keV) Jr Ref. ‘ E, MeV) T, (keV) J7

- 26, 49]
[51] 6.94 138
[15, 51] 7.03 20
[4, 10, 14, 15, 18, 19, 21, 22, 23] 7.11 38
[14, 42, 49] 7.24 38
15, 23] 7.35 72
[4, 23, 49] 735 25
[4, 51]
[4, 22, 51]
22] 7.78

6.437 6+9 216+ 19
6.939 528 £309 99 &+ 69
(7.054) 643 £30 20 +25
7.076 664.7 + 16 23.8 + 1.2
7.326 015+ 11 46 % 40
7.420 1009 + 14 71 + 11
7.531 1120 £ 11 21 4 11
7.608 1197 £ 11 43415
7.644 1233 +12 1646
7.758 1347 + 5 542
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Result

e Mirror states

7.64, 3/2-

7.587, 5/2-
7.56, 7/2+

7.353, (5/2+)
7.114, (5/2+)

7.028,1/2-

6.825, 5/2+

T

7.608, (3/2-)

7.533, 5/2-
7.420, (7/24)
7.326, (5/2+)

7.076, 3/2+
7.054, (5/2+)
6.939, 1/2-

6.411
FE+p

ey 3529

This diagram shows the presumed mirror states using our analysis results.
The mirror state of 7.076 MeV state in °Ne is still missing.
The missing state at E, = 7.054 MeV was measured in the present experiment.
This state can be corresponded to E, = 7.114 MeV state in 1°F.
The mirror state of E, = 7.56 MeV in 1°F was found at E, = 7.420 MeV in °Ne.
For the E, = 7.608 MeV state, which may be a new state in °Ne, we found the

candidate of a mirror state at E, = 7.64 MeV.
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Conclusions

- Experimental data for *°F, which is the mirror nuclei
of °Ne, were also taken for the analysis of °Ne data

- More than 8 peaks in *°Ne were shown in silicon
telescopes with energy resolution of E_ =40 keV.

- The 3¥F(p,a)*>0 reaction rate was calculated using
our data, and we found newly observed states which
affect the reaction rate.

- Investigation of alpha cluster structures in °Ne and
19F are in progress.
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Thank you for your attention
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