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18Ne(a,p)2'Na reaction 1b‘S
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Previous studies on the '8Ne(a,p)?'Na reaction Gits)

Indirect measurements

ST

CENS

5 a
B

Direct measurements

* studies of the structure of 22Mg
- 24Mg(p,t)22Mg, 12C('60,6He)?2Mg, 25Mg(3He,fHe)?2Mg, ...
- several resonance parameters obtained

« time reversal reaction : 2'Na(p,a)'®Ne
- Salter et al., PRL(2012) : E, = 1.19-2.57 MeV

- only (a,p,) measured — considered as a lower limit

* two measurements at Louvain-la-Neuve

- Bradfield-Smith et al., PRC (1999) : E_,

=2.0-3.0 MeV

- Groombridge et al., PRC (2002) : E_,=1.7-2.9 MeV

* recent measurement at FSU

- Anastasiou et al., PRC (2022) : E_,

= 2.5-4 MeV
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T E F
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8Ne + a 2Mg 2INa+p
Compound

&
o N — BB BB ||

< Region of interest
05<T <3GK
8.8<E,<11.9 MeV

1st Ex.st < E

gs- E, in 22Mg (E_, of '®Ne+aq)
Energy levels of 22Mg

Experiment — Goals & Strategies

« Energy level properties of 22Mg above the E,,. dominates the '®Ne(a,p)?'Na reaction

thres.

« 18Ne+a resonant scattering can populate the energy levels of 22Mg !

« Thick target method in inverse kinematics adopted.
K. P. Artemov et al., Sov. J. Nucl. Phys. 52, 408 (1990)
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a-cluster structure in 22Mg nucleus

ETCM calculation : 22Ne

Theoretical Prediction

Jr E, (MeV) 6,2 (%)
1- 12.58 13
1- 13.53 8
3- 12.92 13
3- 13.69 11
40 e
%300 .
\%2{]0 =
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e oo by s v By by s b S e 1
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Excitation Energy of 2Ne (MeV)
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do/de (mb/sr)
S
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CENS
GCM calculation : 22Mg
Jr E, (MeV) 0,2 (%)
1 12.14 11.5
1 13.04 6.7
3 12.46 11.6
3 13.19 11.7
- 2Mg
- ?7??

* Predicted 1- and 3- doublets arose from the a-cluster structure in 22Mg

* Not observed in the previous experiment

Sep. 21, 2023
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18N;e+a resonant scatterind ‘

To enhance our knowledges on the 8Ne(a,p)?'Na reaction

Observation of 1- and 3- states could be the evidence of the a-cluster states in
22Mg nucleus.

Investigating wide energy range will provide the first spectroscopic study for
E, > 14 MeV !
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8Ne(a,a)'®Ne measurement at CRIB 1b5 1

CNS Radio-Isotope Beam separator « 18Ne beam produced by In-flight fragment : 1*0O(3He,n)'8Ne
3He gas
ﬁ (360 Torr, ~90K)

* recoiling a particle measurement by silicon detector
telescopes (energy, position)

30| -50

25,

20,

15

Total energy (MeV)

-110

Beam-like a

-130

Time of Flight (arbitrary units)

1 2 3 4 0 3 10 15 20 25 30
Energy loss (MeV) Energy of a particles (MeV)
vacuum F3 Target Chamber
« Tracks of 1®8Ne beam particles obtained by two PPACs

P A extrapolation
18Ne |—| |—| :__JL—-VI“ ( P )
2.54 MeV/u 430mm | + kinematics reconstruction by considering the energy loss
~3x10° pps, “He gas filled of the beam and recoiling a particles
~60%

/ e i
e Entrance AE-E - Excitation function of 22Mg extracted !
window detectors
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8Ne(a,a)'®Ne measurement at CRIB

90T
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F2 : Rl beam ID F3 : purified 8Ne beam !

Beam monitoring /Beam trajectory
extrapolation by two F3 PPACs

Incident beam

A bird eye’s view of F2 focal plane CRIB Wien Filter
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Excitation function of 18Ne+a system (22Mg)
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Excitation function of 18 Ne+a system (?22Mg) %) CEne
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Excitation function of '8Ne+a system (22Mg) () cEne
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Astrophysical implication
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Sep. 21, 2023

i)
* Two small bumps were observed at the astrophysically

important energy range (T, < 2 GK « E, < 2.9 MeV)

+ Two energy levels have been reported in the previous direct
measurement.

Present Work Groombridge et al.

Ec.m.(MeV) Ecm. (MeV)
2.63 2.52 +0.14
2.75 272+ 0.14

* The existence of these resonances is not obvious in our data
possibly due to the insufficient statistics.
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Astrophysical implication
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Sep. 21, 2023

i)
Two small bumps were observed at the astrophysically

important energy range (T, < 2 GK « E, < 2.9 MeV)

Two energy levels have been reported in the previous direct
measurement.

Present Work Groombridge et al.

Ec.m.(MeV) Ecm. (MeV)
2.63 2.52 +0.14
2.75 272+ 0.14

The existence of these resonances is not obvious in our data
possibly due to the insufficient statistics.

Upper limits on the '8 Ne(a,a)’®Ne cross section were set (one-
sigma confidence level).
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Astrophysical implication

- 18Ne(a,p)?'Na reaction cross section was calculated
10°E @Lﬁﬂ e using the Breit-Wigner formula.
5 e \2 2]
+1 r,r
1015_ o ! ’,T“;'\ opw(FE) = — 2J, ) 2@ P 5
; T é ! A (2JNe + 1)(2J0 + 1) (E — Ep)? + (Tior/2)
—
< 10 N
C \
é N 5 . + E, I', adopted from the two observed bumps
© 10 = e 4 Salier etal (2012)
C - T& . [ ] Groomblrldge et al. (2002)
| O.z;’ - = e coniny 2  Jmadopted as 0*
E } Present (COM2)
107 f « [, in this energy region has not been reported
10-“{ s 5% : s 1 — approximated I, by two different approaches!
E (MeV) con3|d(.ar|ng the Wigner limit, global mean reduced p'roton width, ...
C.1m. assuming I, = [,+I, & I, adopted from Groombridge et al.
E, JT T T, Lot
COMI 2.63 0t 0.015 0.01 0.025
2.75 0t 0.015 0.01 0.025
COM? 2.63 0t 0.015 0.085 0.1
2.75 0t 0.015 0.195 0.21
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Astrophysical implication

- 18Ne(a,p)?'Na reaction cross section was calculated
10°E @Lﬁﬂ e using the Breit-Wigner formula.
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Astrophysical implication

- 18Ne(a,p)?'Na reaction cross section was calculated
10°E @Lﬁﬂ e using the Breit-Wigner formula.
+ 1 r, I
10's . 1 A opw(E) = — Gl 1 o 2
; e é ! A (2JNe + 1)(2J0 + 1) (E — Ep)? + (Tior/2)
—
< 10’ N
C \
é N 5 . + E, I', adopted from the two observed bumps
© 10 = e 4 Salier etal (2012)
C - T& . [ ] Groomblrldge et al. (2002)
| O.z;’ - = e coniny 2 + Jmadopted as 0*
E } Present (COM2)
107 f « [, in this energy region has not been reported
g R | ‘ | — approximated I', by two different approaches!
10 15 2 25 3 35 4 P
E (MeV) con3|d(.ar|ng the Wigner limit, global mean reduced p'roton width, ...
C.1m. assuming I, = [,+I, & I, adopted from Groombridge et al.
E, J7 T T, Lot
COMI 2.63 0t 0.015 0.01 0.025
2.75 0t 0.015 0.01 0.025
COM? 2.63 0t 0.015 0.085 0.1
2.75 0t 0.015 0.195 0.21
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Astrophysical implication

i)

- 18Ne(a,p)?'Na reaction cross section was calculated
10°E @Lﬁﬂ e using the Breit-Wigner formula.
E ﬁ— 1 {¥ L )\2 2J PRITIN
+1 I :I,:
1012_ i T I,T‘\_,, \ O'va<E) = — ( " ) 20"'.__]_): 5
; e é ! A (2JNe + 1)(2J0 + 1) (E — Ep)? + (Tior/2)
—
< 10’ N
C \
é N 3 . + E, I', adopted from the two observed bumps
© 10 = e 4 Salier etal (2012)
C - T& . [ ] Groomblrldge et al. (2002)
| O.z;’ - = e coniny 2  Jmadopted as 0*
E } Present (COM2)
107 f « [, in this energy region has not been reported
Al ‘ ‘ ‘ — approximated I, by two different approaches!
10 15 2 25 3 35 4 P
E (MeV) con3|d(.ar|ng the Wigner limit, global mean reduced p'roton width, ...
C.1m. assuming I, = [,+I, & I, adopted from Groombridge et al.
E, J7 T, T, Lot
COMI 2.63 0t 0.015 0.01 0.025
2.75 0t 0.015 0.01 0.025
COM? 2.63 0t 0.015 0.085 0.1
2.75 0t 0.015 0.195 0.21
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Astrophysical implication

A Saltereral. (2012)

m  Groombridge et al. (2002)

m  Anastasiou et al. (2022)
— = Present (COM1)
= Present (COM2)

15

8Ne(a,p)?'Na reaction cross section was calculated
using the Breit-Wigner formula.

A2 (2, + 1) T

.
eIt

T I @ t DRJa + 1) (E - B+ (T2

opw (L)

E, I, adopted from the two observed bumps
J™ adopted as 0*

I, in this energy region has not been reported

— approximated I, by two different approaches!

. 3
E (MGV) considering the Wigner limit, global mean reduced proton width, ...
¢.m. assuming 'y, = I+, & I, adopted from Groombridge et al.
J7 T r, Lol ly
i ong
0" 0.015 0.01 0.025 . ss section str
21 action cro \
0+ 0.015 0.01 0.025 18Ne(a,p) Nare ton widths of the resonances
0" 0015 0.085 01 depend on the pro
0t 0.015 0.195 0.21
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Astrophysical implication 1bs

J - 18Ne(a,p)?'Na reaction cross section was calculated

102; = " using the Breit-Wigner formula.
E N
i ﬁ . N (2J, + 1) Lol
10 E P ) opw(E) = — 7 2
g A 1N 47 (2ne + D) (2Ja + 1) (B — B2 + (Tor/2)
© 10 5N
E E / \ /e
o 10'F

Experimental studies of the I, are highly required

I for a conclusive understanding on the 8Ne(a,p)?'Na reaction cross section !

=l
107 o _
: P s in Physics (2023
i ' Frontiers in
= \ \ \ . | ‘ | ‘ ! . S.M. Cha et al

— approxim sivie ;nes!
107 L5 2 25 3 35 4 pproxim e PPTOdeIt
E ‘ (MBV) con3|d<.ar|ng the Wigner limit, global mean reduced p'roton width, ...
¢.m. assuming I, = [,+I, & I, adopted from Groombridge et al.
Er JT ra 1ﬂp 1ﬂtot t g|y
i n
2.63 0t 0.015 0.01 0.025 . ss section stro
COMI 21 ction cro \
2.75 0+ 0.015 0.01 0.025 18Ne(d,p) Na re:ton widths of the resonances
T on the pr
COM? 2.63 0 0.015 0.085 0.1 depend
2.75 0" 0.015 0.195 0.21
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R-matrix analysis

20 L,,t
0<6,, <7 |
T R NS VI T B
E of 22Mg (MeV)

i)

« Evident peaks observed at E, ~ 11 — 16 MeV !

« Resonance parameters of 22Mg nucleus (E,, I, J7)
can be constrained by R-matrix analysis.

+ performed R-matrix calculation using SAMMY8

+ All possible spin and natural parity combinations
was considered during the analysis.

« X2?analysis is performed to deduce possible
resonance parameters for each peak.

« calculated the dimensionless partial width (6,2) for each level to provide a direct comparison with

theoretical prediction

49(‘; = F(}, / Fur
Ty = 2R%/uR%P,



1- and 3- candidates ?

T ‘ T
Red : 1- state

80

60

\

(mb/sr)

c.m.

40

do/dQ

20

DR

Blue : 3- state

]
"#L \E%I

calculation performed

)

Cluster model (CM) and Shell model (SM)

* 1- states obtained from both CM and SM calculation

) o
[

widths required

ra JTT eqz EXGCM Jrr 92
(keV) (%) | (MeV) (%)

Present Work Dufour &
‘IY Descouvemont

GCM

More discussions on 3- states and reduction of a-

Goldberg et al.

EX
(MeV)

N

Sep. 21, 2023

12 13 14
E_of "Mg (MeV)

11.493 7 1- 478 | 12.25 1- 11.5 11.462 1
11.705 3 &F 12.30 | 12.57 &F 11.6 11.798 2
11.869 6 1- 240 | 13.15 1- 6.7 11.842 1
12.352 19 1-(4*) | 3.72 | 13.30 &F 11.7 11.9 0
12.744 11 3 6.80 12.362 1
12.974 8 & 3.65
13.456 4 3 1.06
(0%1)
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First spectroscopic result of 22Mg

Y 12 13 14 15
E of 22Mg (MeV)

 No information from NNDC

* No information from the theory

Sep. 21, 2023
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i i 22 F3ps )
First spectroscopic result of ¢“Mg v CENS
X?/DOF=0.955 1 Present work
T JT 62
(keV) (%)
177 0t 11.0
(1=, 4+,57)
16 4+ 5.01
(2%.57)
15 4+ 2.49
(27,37)
4 5- 1.59
0" t077)
Y 12 13 14 15
22
E_of "Mg (MeV)

+ Best fitting result : J ™ = 0%, 4+, 4*, and 5 for four peaks

« cannot exclude other possibilities

Sep. 21, 2023 NIC-XVII, Soomi Cha (CENS, IBS)
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Summary it

« The aresonant scattering on '®8Ne was measured in inverse kinematics to understand the
astrophyscially important '®Ne(a,p)?'Na reaction and the a-clustering of proton-rich 22Mg nucleus.

« The measurement of 18Ne + a scattering was done at CRIB in RIKEN by adopting the thick target
method.

« The excitation function of 22Mg was obtained for E,= 10—-16 MeV.

» Since energy levels were not clearly observed at the astrophysically important energy range, upper
limits on the 8Ne(a,a)'®Ne cross section were set.

« The astrophysical impact was also investigated by estimating the '®Ne(a,p)?'Na cross section.

« R-matrix analysis was performed to constrain the energy level properties of 22Mg.
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Energy levels of 22Ne

TABLE II. Tentative spin assignment for Mg levels.

ETCM calculation Experimental data
5 /0 5 /0 Level Spin Energy
JTE(MeV) B2(%) JT  E (MeV) 82 (%) MeV)
1- 12.58 13 1- 12.58 10

) ) 1 2 287

1 13.53 8 1 12.84 20 2 2 3.055

3 12.92 13 3 13.19 19 3 0 3.18

3 13.69 11 3 13.41 11 4 1 332

5 2 3.656

6 1 370

o Lo . 7 0 376

As can be seen i Fig. 9 there are many anomalies in the g ) 40
22Mg spectrum at lower energies. The corresponding reso- 0 0 4;321
nances were not observed in the mirror a+ %0 scattering due 10 N 4085

to the very small energies of the a particles. Generally 1 1 4

speaking, a proper study of a+1®Ne can bring information

about the states in 2?Ne which are very close to the a-particle
threshold, and maybe even below it|
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PHYSICAL REVIEW C 89, 015804 (2014)

TABLE I. Resonant parameters used in the present R-matrix

analysis.

E, (*Mg) J= 5 ¢ I, (keV)

6.333 1+ 1 0 16 10'° . . |

6.591 - 2 I 36 | e Present == - He 2009 ]
6.615 2 2 0 10 108 = ==Malic2009 = - - Gérres 1995 —~
6.796 2 ! ! 62 |- - - Chen2001 = = = Chae2003 =
6.885 1- 2 3 2 p —

7.270 1- 2 1 82 107 1 T
7339 2+ 2 2 18 o :

7.369 3 2 3 7 S 104 [ Tonset=0.57GK ]
7.585 2+ 2 0 16 s .

7.654 1- 2 1 114 102} il
7.802 2- 1 1 19 |

7.920 2+ 2 0 3 o

8.005 3" 2 3 I 107 g7 £y FTT
8.190 2+ 2 2 5 ) //Ne(a, p)*'Na>=<""Ne('v)"*F> |
8.353 I+ 1 2 97 10~ L : :

8.527 3" 2 | 3 0.5 1 1.5 2
8.578 4+ 2 2 5 To

8.677 2+ 2 2 7

8.727 2+ 2 0 12

8.827 1- 2 1 57

8.922 2+ 2 2 4

9.050 1- 2 1 105

9.158 4+ 2 2 2
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|As discussed in the Introduction, the "*Ne(a, p)*'Na cross
section was studied before by Bradfield-Smith ef al. [9] and
Groombridge et al. [10]. There, the experimental results were
summarized as a table of resonance parameters and widths.
Figure 14 displays the cross section derived from the reso-
nance parameters of Ref. [10], in comparison to our result.
Our experiment shows a much lower cross section, by close
to an order of magnitude.
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TABLE L. Resonant properties of excited states in Mg deduced from the present work. The excitation energies from the previous
work are listed for comparison. The uncertainties of energy, in units of keV, are included in parentheses. The observed proton partial
widths are deduced from the R-matrix analysis with those spin-parity assignments as shown in Fig. 1.

Epresent E. [7] E. [8] E. [9] E.[11] Parity*  J™ (R matrix)®  J™; £ (adopted) T, (keV)
6.61(15°  6.606(9) 6.606(11)  6.616(4) 7 =NI[4] 2+,1%) 20 23(7)
68115 6.766(12) 6767200  6.771(5)  6.760(90) (1%,2%) (152750 6420)
6.93(15) 6.880(10)  6.878(9) =N Q5 1%3°27) @530 27(7)
7.06(16) (1%,3°2)  (1,3-2):0(1)  49(20)
7.27(16) @2+,1%) 2*.17):0 17(7)
7.42(17) 7.402(13)  7.373(9) (1,2%) (1.29:0(1) 107y
75917)  7.614(9) 7.606(11) (1+,2%) (15230 23(7)
7.82(18) 7784(18)  7.757(11)  7.840(90)  w =uN (1= =3 )1 278
7.98(19)  7.938(9) 7.964(16)  7.986(16)  7.890(100) =N (1+,2%) 20 20¢
8.18(19)  8.197(10)  8.203(23)  8.229(20) (17-3%) (15 =3%);2 338
8.31(20) 8.290(40) (1734 (1+-34):2 49:
85120  8.512(10)  8.547(18) 8.550(90) 7w =N (1= =3 (37)1 60(20)
8.6221)"  (8.644(18))  8.613(20)  8.598(20) 2 2);2 33(10)

2N, uN denote level of natural and unnatural parity, respectively.
PPresent results deduced from the R-matrix analysis.
¢J7 = 2% determined for the 6.616-MeV state [16].

477 = (17, 27) determined for the 6.796-MeV state [16].

¢J™ = 2% assumed in Chen et al. [8].
fJ7™ = 3~ assumed in Chen ef al. [8].
#The proton widths of these states are only roughly estimated from the R-matrix fits to the data.

Sep. 21, 2023
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Present work

E; | JT 62
(MeV)  (keV) (%)
11.493 7 [ 478
11.705 3 3~ 12.30
11.869 6 1~ 2.40
12.352 19 I~ 3.72

(4")
12.744 11 3~ 6.80
12.974 8 3~ 3.65
13.456 4 3~ 1.06
07, 17)
13.644 177 0" 11.0
(17,4%,57)
14.381 16 4t 5.01
27.57)
15.199 15 4t 2.49
(27,37)
15.477 4 5° 1.59
0T t077)

Sep. 21, 2023

TABLE II. Tentative spin assignment for Mg levels.

Level Spin Energy
(MeWV)

287
3.055
318
332
3.656
3.70
376
402
4.021
4.085
422

F= T - R = N N N

,_.
=
[ — T . RS R I Y

—
i

NIC-XVII, Soomi Cha (CENS, IBS)

TABLE I Summary of resonance parameters (R =75.0 fm).

L 1b°

25 2
¥

ST

CENS

r

N E, E J em TalTwr Ve Val¥w
(MeV) (MeV) (keV) %  (kev) %
1 291 1258 1 97 36 79 10
2 317 128 17 145 72 150 20
3352 1319 37 67 40 144 19
4 374 1341 3~ 56 40 82 11
5 961 1928 (7)) 88 25 64 8
6 980 1956 (7)) 75 23 41 5
7 1118 2085 9 110 145 393 51
8 1217 218 9 170 22. 441 57
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TABLE VIL The spin values and resonance strengths of the levels at center-of-mass energies K, (c.m.) used in the 13.384 (44) 13031 4+ T

calculations of the rates for the "*Ne(, p)*'Na reaction. P{‘]‘;:l}lt “edl:::‘[:?“_j 127409 30270 T
e = %

E; (MeV) Ers (c.m.) (MeV) Jm S I, (V) wy (eV) (MeV) | (MeV) 13.078 (49) | 12083 45T
8.1812(16) 0.039 2] 2.8 x 10-! 1.7 x 10-55 853 x 10-% (3015 § 1301 104]
8.385(7) 0.243 2'] 32 % 10! 27 % 10" 133 % 107 g B
8.5193(20) 0377 3] 40 % 1073 7.0 % 10-15 487 x 10-% O = MUSER
8.574(6) 0432 [4+] 6.0 x 102 3.6 x 10-1 3.26 x 10-12 vsssan) s |~ | 10 g
8.6572(17) 0.515 [0+] 1.1 x 10-'® 5.0 x 10-% 497 x 10 - ' ‘
8.743(14) 0.601 [47] 2.2 x 102 5.7 x 1071? 5.15 x 10°°
8.7832(22) 0.642 [1-] 1.1 % 10-'® 40 x 10-® 1.21 x 1073 1247426)) 124741241 § .-~ 12.450(0+,1-)
8.9318(27) 0.790 2] 1.1 x 10-'® 8.3 x 105 4.13 x 10 J NNV RITEENN WGt
9.080(7) 0.938 [1-] 1.1 x 107'® 7.7 x 1073 231 x 1072 12.280 ao#
9.157(4) 1.015 [4+] 7.8 x 102 9.7 x 10°% 8.70 x 10~ nagn| nasspo | -7 7L 1218 ()4
9.318(12) 1.176 12+] 1.1 x 10-'® 9.9 x 102 497 x 10-! P 0
9.482(11) 1.342 3] 15 % 102 1.8 x 102 125 x 10! e, L7 A mwan fmeve
0.542(9) 1.401 2] 2.8 % 1072 3.6 x 107! 1.78 neanl e 1L
9.709(19) 1.565 (0] 1.5 % 10 52 % 10" 5.18 % 10! SR B oL
9.7516(27) 1.610 [24] 1.9 % 102 1.6 8.22 1ed | nagped |0 nrEs | s
9.860(5) 1718 [0+] 1.9 % 102 2.1 % 10! 2.07 x 10! A e
10.085(13) 1.944 [24] 5.0 x 1072 5% 10! 225 x 10? 1.603a6)) msosp- |7 11577 i4+) | 11696 4+T
10.2715(17) 2.130 2+ s e 1.03 x 10% 1| 1w |7 i:ﬁig‘? L6556+ T
10.429(13) 2287 [47] < - 7.30 x 10°¢ LA | 1L477 24T
10.651(13) 2513 [37] - - 1.82 x 10%¢ iaten] 13544
10.768(13) 2.626 2] 1.1 x 10" 23 x 10° 1.16 x 10 1231 [64] i:f;ixi 1:::2;:;
10.873(14) 2734 [0+] = e 4.52 x 10% - :
11.001(11) 2.850 4] i i 8.10 x 10% — e
11.315(16) 3.173 [47] 3.0 % 1072° 2.0 x 107 1.83 x 10° 10.999(15) - — 11.032 (8+)
11.499(17) 3.357 241 1.1 x 10-'® 1.7 % 104 8.64 x 10° Py B (CICHLITIN i 10,921 1-
11.595(12) 3.455 [1-1 5.4 % 102 2.0 x 10* 6.11 x 10° ——[sni o 7 ] 108573
11.747(17) 3.607 [0+] 1.1 % 10" 7.1 % 10* 713 % 10¢ 10TSSGUL 10768124 )" .7 | 1074034 | 10956 44T
11.914(13) 3.780 [0+] 1.1 x 10-'® 8.8 x 10¢ 8.82 x 10¢ 10.667019)) 10.65113-] | .-~ ,_»:,:%3:%32%%::%3:2%3%
12.003(20) 3.861 1] 21 x 10! L4 % 10° 431 x 10° | 1057234 ) o P 1L 1080 T
12.185(17) 4.050 371 1.8 x 107! 3.7 x 104 2.60 x 10° ,l"':{gigggf:
12.474(26) 4332 [27] 1.1 x 10 7.8 % 10° 3.89 % 10° lanaog WANET 0 s o desssr
12.665(17) 4523 3] 12 x 10~ 49 x 10* 3.45 x 10° o] e
(13.010(50)) 4.865 [0+] 1.1 x 107'® 2.2 x 10° 2.16 x 10° 12717074 10272124 § I8 01 D)]
*Spin for the mirror assignments given in Figs. 9 and 10.
PConstant S, values as explained in the text.

“Resonance strengths are measured in Ref. [22]. 2Iap g Rne
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Field cage
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