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= Motivation: Missing states in 1°Ne
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= Motivation: Missing states in 1°Ne

Known resonances in °Ne for the '8F(p,a)'>0 reaction
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= CRIB facility

Primary target
Gas: H,

Pressure: 540 Torr o
Temperature: 90 K CNS RI Beam facility !

i
s

Beam purity ~ 99%
. | Second target
j; | Gas: “He

Pressure: 600 Torr
rQ

Wien filte

% Two experiments (>N+a, >0O+a) were performed.

X/

% >N+a scattering:
Providing indirect information and constraining on °Ne
resonance parameters
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= Experimental set-up
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Particle identification with AE-E telescope

% Two AE-E telescopes were installed for
the particle identification.
« Resolution: E.,, =40 keV
 Thickness: AE ~ 20 um, E ~ 480 um
« Angle coverage: 6., = 133-180°

Thick target inverse kinematics (TTIK)
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s Results: ”Ne (extracted resonance parameters)

Resonances which affect the 8F(p,a)'>0 reaction rate

Thiz experiment Previous experiments
E.({MeV) I, (keV) J [ E,({MeV) I, (keV) Jr Ref.
5.652(20) 50(3) 1,2 .87 = = =
6.220(4) 65(2) 52 (156 6.289(10) - - [18, 19]
6.340(12) 182(9) 124 (.69 = = =
6.426(4) 250(15) 1/2 0.51 6.437 220(20) 1/2
6.B60(8) HR(4) {3/2-) 0.20 (6.841) 25(18) (3/2=) [14. 18-20]
7.055(4) 25(2) (7/24) 0.20 (7.054) 20(25) (5/2+, T/2+) [0, 21]
7.165(15) 51(8) (3/24) 0.05 7.203(31) 35(12) (3/2+4)
7.320(4) 130(3) (7/24) 0.67 7.326(15) Y

7.335 - -

TA20(11) 196(4) (5/24) (.30 T.3TR(T) 121(9) (T/2+4)
7.790(4) M5(6) (5/2-) 0.21 7775(10) - -
T.850(4) BL(T) {1,941} 0.05 T.863(39) 299 107) (1,24} [22. 23]
8.120(4) 114(3) (7/2-) 0.74 8.063(15) £, (Mev)
8.400{4) BG(3) {(9/2-) 0.30 B.442(9) 7 8 9 10 11
B.840(T) 110(5) (5/2%) 0.05 8.810(25) 1200
9.150(4) 49(15) (5/2=) .02 - r + Data
0.250(8) 648(11) (5/2+) 0.47 9.240(20) 1000 Lo
0.310{4) 254(6) (7/2+) n.18 - L Rmix best fit |
9.590(4) 49(5) (5/2+) 0.03 - 8001
9.610(4) 32(2) (11/2=) 050 - g L
9.830(8) 120(3) (11/24) (.49 - ésoo;
0.880(8) 133(5) (9/24) 0.53 09.875(50) gL
10.270(4) 107(2) (9/2-) 0.09 - 20
10.290(4) 113(3) (7/2=) 0.10 - 4001~
10.510(4) 73(3) (11/2=) 0.75 - i
10.865(4) 216(9) (7/2=) .14 - 200~
10.960(4) 118(4) (9/2=) 0.07 - 5
11.335(4) 206(R) (7/24) 0.09 - P O T P R I L A
11.370(4) 274(10) (5/2+) 0.08 - 8 4 e (M) 7 8

~ 28 resonances were identified in E, = 6.0~11.5 MeV 11
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= Results: Identify two missing states

% Enlarged area of the excitation function of "°?Ne in E, = 6.6-7.2 MeV
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= Results: Identify two missing states

% Enlarged area of the excitation function of "°?Ne in E, = 6.6-7.2 MeV
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Two missing states are required for the R-matrix fitting of °Ne excitation function!




Results: Updated S-factor calculation

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

E.(*’Ne) [MeV]
6.5 6.6 6.7 6.8 6.9 7

ﬁ 1 II 1 | I I I I | I I I | | I I I I | | I I I | - I | I |
B : ; ;
o Almost comes from _ o
40 i g TABLE I: Resonance state energies and widths, in-
1 0 ':F"'_‘ E ' 6 860 MeV cluding those for the two newly observed states for the
!":: :: Il i ra = 44(1 9) keV S-factor calculation.
- e J : - f : : Ex(MeV) Ia(keV) I'p(keV) J Ref.
> 103 L 1 6.132(5) 0.74 <6 (3/21) 11, 25]
w Et ey : 6.286(4) 11.7 83.5 (1/2+) [26-28]
= - / ) : 6.742(2) 52 00022  3/2— 6, 12, 29]
— ot ' ; 6.860(27) 44(19)  0.007 3/2— this work
= - 7.055(25) 42(11)  0.047 (5/2+,7/2+) this work, [12, 29]
= 102 L 7.075(17) 238 15.2 3/2+ [30]
2 0 E 7.845(25) T71(27) 59 1/2+4 this work, [11]
N ¥ S N i
“2 -5 ) [ ——"This expariment
B i PN i M —— — Proton upper limit
10 O SN S ST A N —  Bardayan er al. [2015]
E el e Chae et al. [2006]
- : m Beer eral [2011]
N Ao Cognata et al. [2017]
- : : : ® Bardayan er al. [2001]
i i i ¢ de Sereville er al. [2009]
'1 1 1 1 | | 1 1 1 1 E 1 1 1 1 i | I i S — S— — R S S R— —
0 0.1 0.2 0.3 0.4 0.5 0.6

E.,. ("*F+p) [MeV]
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Results: Updated S-factor calculation

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

— —

—h
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E.(*’Ne) [MeV]
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TABLE I: Resonance state energies and widths, in-
cluding those for the two newly observed states for the
S-factor calculation.

E(MeV) I'a(keV) I'p(keV) J" Ref.
6.132(5) 074 <6 3/21) i1, 25]
6.286(4) 117 835  (1/24) [26-28]
6.742(2) 5.2 0.0022 3/2— [6, 12, 29]
6.860(27) 44(19)  0.007 3/2— this work
7.055(25) 42(11) 0.047 (5/2+,7/2+) this work, [12, 29]
7.075(17) 23.8 15.2 3/2+ [30]
7.845(25) 71(27) 59 1/24 this work, [11]

The missing state at
E,=6.860 MeV affect the S-
factor calculation by several
factors difference around the
astrophysically important
energy range!

16



Results: Updated S-factor

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

o Finding the minimum kai-
E.("Ne) [MeV] square between
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Results: Proton width calculation

o Finding the minimum kai-
E.("Ne) [MeV] square between

I ‘3'5 _ 6|6 _ |5-|7| _ .6]8. _ .6]9. _ 7|' experimental value and the

=L c 5 6 860 EM y calculation result by varying
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=) H iy : ; 6.132(5) 0.74 <6 (3/2+)
> 108k} 6.286(4) 11.7  83.5 (1/2+)
§ g 6.742(2) 5.2 _ 0.0022 3/2—
= Ci 6.860(27) 44(19)| 0.007 3/2—
5 '-.: 7.055(25) 42(11) 0. (5/24,7/2+)
S 102 7.075(17)  23.8 15.2 3/2+
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L2 - E o : I  — :Thlﬁ expr:rlmtizllltl
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10 E'_*‘.__ﬂ.-‘” ------ Chae ot al. [20'05] - * 0 0 WI Uppe I I O
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1'| o | S r o F N : 5:?;1'}:;?]1?:ﬂjrf}rff.z?g{;g]‘}l 6.860 MeV in ®Ne with 10

0 0.1 0.2 0.3 0.4 0.5 0.6 confidence level is ~ 14 eV.

8
Ecm ("F+p) [MeV] Very close to the deduced

value (12 eV) from the mirror
state in 1°F!




s Summary

« Studied missing states in "°Ne near proton

3 *Ex(l\.flcv)s f” threshold (E,=6.410 MeV) for the '8F(p,a)'50
7843, 1 reaction rate which is a nuclear astrophyiscally
= = important reaction in a classical nova.
7.075(17), 3/2*
(Missing state) 105529 (), | dentified ~ 28 resonances in °Ne including 12
new resonances via the >O+alpha elastic
(Missing state) 360C7)’, 312 scattering experiment in E, = 6.0 ~ 11.5 MeV.
6.742(2), 3/2-
6.699(3), 512" « Observed two missing states near the proton
threshold.
S:B_F::m « Calculated proton width for one of the missing
state at E, = 6.860 MeV, and which would change
6.286(4). (1/27) the S-factor by several factors at E. ,,= 0.4-0.5
6.13205), G/2°) MeV region and contribute to the 8F(p,a)’50
S"‘?}*ig =~ 19Ne 7 reaction rate at nova temperature.
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Results: "”?Ne (Alpha cluster states)

% Predicted alpha cluster states % Resonance parameters of alpha cluster state

using the simple potential model candidates from this experiment
(62 > 0.1) : alpha cluster state

! ¢+ I o 6
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w | — 15
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e 15/2% i . . x
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= Motivation: Alpha cluster states in A=19 isotopes

—— B2+ * !
T2+ v -
132+
132- & ®1172-

doldQ (blsr) 0, ,, = 170°

E, . (MeV)

Theoretical calculation result using
simple potential model on the
excitation energies of the cluster
structure states in *Ne.

TABLE II. Comparison of the calculated and measured o + 0O
rotational levels.

Expt. Calc.”

E, (MeV) I 6 E, (MeV) I

0.27509(13)" 1/2-2 (bound) 0.52 1/2-
1.51756(3)" 5/2-® (bound) 1.56 5/2°
1.6156(5)" 3/2-0 (bound) 1.66 3/2-
4.140(4)° 9/27) <1 3.98 9/2-
4.197(2)° (7/27) <0.1¢ 4.18 7/2-
8.428(2)° (13/27)"  0.31(4)° 7.98 13/2-
(8.790)° (11727 0.10(3) 8.26 11/2-
14203 — — 13.67 17/2
14.5(3)" — — 14.26 15/2-

“There is an uncertainty of =50 keV on the calculated energies for
9/27 and above, from extracting the values from Fig. 3 of Ref. [45].

The >0+a excitation function fitting result
(6., = 180°). The states with negative alpha clus
ter states, J*= 13/2-and 11/2-, were measured.

Finding positive alpha-cluster states which were predicted by theoretical

calculation.
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