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20C
(Not illustrated)

20C has not been observed: see (1960ZE03).

20 N
(Not illustrated)

2N has been observed in the bombardment of 23>Th by 122 MeV 80 ions (1969AR13,
1970AR1D) and in the 3 GeV proton bombardment of " Au (1970RA1A): it is particle stable.
See also (1960ZE03, 1961BA1C, 1971BU1E).

200
(Figs. 9 and 13)

GENERAL:

Model calulations: (1959BRIE, 1960TA1C, 1962TA1B, 1963PA03, 1964C024, 1964MO1E,
1964PA1D, 1964TR1A, 1965DE1H, 1965FE02, 1966AR10, 1966BR04, 1966TR02, 1967FEO1,
1967FL13, 1967LA1H, 1967P11B, 1968AR02, 1968BE1U, 1968COI1N, 1968FL1C, 1968GUIE,
1968HA17, 1968HAI1P, 1968MO1G, 1968PA1Q, 1969FE1A, 1969KUI1G, 1969S008, 1971 AR25).

Other theoretical calculations: (1961JA1E, 1966KE16, 1967STIN, 1968SUIC, 1969SC14,
1971LA1D, 1971LE1H).

General experimental work: (1969AR13, 1971AR02, 1971AR1P).

1. 20(57)2F Qum = 3.815

200 decays to 2°F#(1.06) [J™ = 17] with a half-life of 13.5740.1 sec (1970MA42), 13.6 £1.0
sec (1960SCO1). Using Eg(max) = 2.76 MeV and 7/, = 13.57 & 0.1 sec, log ft = 3.73. Upper
limits for the branching to other states of 2°F are shown in Table 20.2 (1970MA42). See also
(1959AM13) and (1957TH14, 1970AN27, 1970MC23; theor.).

2. 8O(t, p)*°0 Qm = 3.079
Qo = 3.086 £ 0.015 (1960JA13);
Qo = 3.076 % 0.010 (1962HI06).
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Table 20.1: Energy levels of 2°0

E, (MeV £keV) | J5T | 713 (sec) | Decay | Reactions
0 072 | 13.57+0.1 6~ 11,23
1.672£5 2" ¥ 2
3.568 =5 4+ (v) |2
4.065 + 5 2% (v) |2
4.446 £ 7 0" (v) |2
4.838+7 (v) |2
4.997+7 (v) |2
5.220 £ 7 (v) |2
5298 + 7 (v) |2
5.382 47 (v) |2
5.603 £ 7 (v) |2
(5.83 £+ 20) (v) |2

Table 20.2: Branching in 2°O(57)?°F (1970MA42)

Decay to 2°F* (MeV) JT Branch (%) log ft
0.98 1+(2F, 3%) <06 > 6.0
1.06 1t 100.0 3.73
1.31 2% < 0.8 > 5.7
1.84 2, 1" <1.9 > 4.8
1.97 <14 > 4.8
2.04 2t < 2.0 > 4.6
2.19 2% < 1.0 > 4.7




Table 20.3: Energy levels of 2°0 from '#O(t, p)?°O

E, (MeV *keV) L J7
(1960JA13) | (1962HI06)

0 0 0 »b 0t
1.682 £ 20 1.672£5 2 &b 2%
3.568 =5 44 4t
4.091 + 25 4.065 £ 5 2 &b 2+t
4.449 £+ 25 4.446 £7 0? 0t
48387
4.997£7
0.220 £ 7
5.298 £7
5.382+£7
5.603 £7
(5.83 £ 20)

a (1964MI105): E, = 10.0 MeV.
b (1965MO19): E; = 5.55 MeV.

Observed proton groups are displayed in Table 20.3: angular distributions lead to the L and
J™ values shown (1960JA13, 1962HI06, 1964MI05, 1965MO19). The J = 2 assignment for
200*(1.67) is confirmed by the angular correlation of the 1.67 MeV ~-rays (1970NI03). See also
(1959JA01, 1967CHIL, 1969BA1Z) and (1964TR1A, 1966TR02, 1967DO1B; theor.).

3. 80180, 1°0)*0 Qm = —0.628

See (1970MA42).



20F
(Figs. 10 and 13)
GENERAL.:

Model calculations: (1959BRI1E, 1963KU19, 1964MO1E, 1965DE1H, 1965DE1M, 1966CHI1G,
1966PI1B, 1967BO09, 1967GUOS, 1967GU1D, 1968AR02, 1968CO11, 1968GUI1E, 1968HA17,
1968HA1P, 1969HO32, 1970AN27, 1970BA66, 1971AR25, 1971J0O01, 1971WIO01).

Other theoretical calculations: (1967ST1N, 1968CEO01, 1968DW1A, 1969SC14, 1971LEIH,
1971TEO06).

General experimental work: (1970FAO1, 1971AR02).
Ground state: ;1 = +2.0935 4+ 0.009 nm (1967GU14; see also (1963TS01, 1969FU11).
See also (1963KU19, 1964L114, 1964ST1B, 1967SH14, 1968PE16, 1971 AR25).

1. 2°F(37)?*°Ne Qm = 7.026

20F decays principally to 2°Ne*(1.63) with a half-life of 11.03 & 0.06 sec [see Table 20.5]: see
2ONe.

2. 170(t, p)*?0 Qm = 3.521 by, = 14.159

See (1962MO08).

3. 170(a, p)*F Qm = —5.656
Not reported.
4. 80(d, n)'°F @Qm = H.768 by, =12.369

An excitation function has been measured for £y = 0.95 to 3.30 MeV (1969HEI1P). See also
19
F.

5. 130(d, p)'°0 Qum = 1.732 B, = 12.369

The proton yield has been measured for Fq = 0.79 to 0.88 MeV (1956AH1A). See also '°0.



Table 20.4: Energy levels of 2°F 2

Ey (MeV =+ keV) JT T Tor ey (keV) Decay Reactions
0 2751 7172 = 11.03 £ 0.06 sec 5~ | 1,8, 11, 19, 20, 21, 23,
28, 29, 30
0.65595 4+ 0.15 3T Tm = 0.40 £ 0.05 psec 0% 7,8,10, 11, 19, 29
0.8229 £ 0.2 4+, 2t 79 + 6 psec ~y 7,8,10, 11, 19, 29
0.9838 £ 0.2 (1t,2%,3%) 1.6 + 0.3 psec 0% 8,11,19,29
1.05693 £ 0.16 1+ 45 £+ 13 fsec 0% 8, 11,19, 22,29
1.30922 + 0.16 2+ 0.9 + 0.2 psec ~y 8,11,19,23
1.8244 +1.3 (37) 0% 8, 28,29
1.8434 +0.3 2,1t 30 £ 20 fsec ~y 8,11,19,29
1.9706 + 0.3 0% 8, 11
2.0439 £ 0.3 2+ 37 £ 16 fsec ~y 8, 11,19
2.1946 £ 0.5 2" < 12 fsec 0% 8, 11,19
2.865 + 1.5 (2,3,4)~ 0% 8, 11,19
2.9662 + 0.4 2%, 3" 60 =+ 40 fsec ~y 8, 11,19
3.1746 £ 1.2 ~ 19
3.4884 £ 0.2 1+ 44 £+ 11 fsec ~y 8,11,19,29
3.5259 £ 0.4 0t 30 £ 15 fsec 0% 11,19, 29
3.5871 £ 0.3 (1,2,3)*" 30 £ 30 fsec ~y 8, 11,19
3.6810 £ 0.4 ~ 8, 11,19
3.761 + 2 (7) 8, 19,29
3.9662 + 1.4 ~y 8, 11,19
4.0824 £0.4 1+ ~ 8, 11,19
4.1989 £ 2.7 (7) 19, 29
4.2077 £ 2.6 (7) 19
4.2766 £ 0.5 1+, 2% ~y 11, 19
4.3115 £ 2.6 0r, 1" (7) 19
4.5838 + 3.0 (7) 19
4.5922 £2.9 (7) 19
4.7302 £2.9 (7) 19
4.7638 + 2.7 (7) 19
4.8916 £+ 2.8 (7) 19
4.8982 £ 2.8 (7) 19
5.0402 + 3.1 0, 1,2)~ (7) 11,19




Table 20.4: Energy levels of 2°F # (continued)

Ey (MeV =+ keV) JT T Tor ey (keV) Decay Reactions
5.0655 £ 3.1 (7) 19
5.2240 + 3.1 0,1,2)” (7) 19
5.2810 £ 3.3 0, 1,2)~ (7) 19
5.3171 £ 2.7 (7) 19
5.3445 + 3.3 (7) 19
5.4131 £ 0.6 0% 11
5.4503 £+ 3.8 (7) 19
5.4554 + 3.2 (7) 19
5.4634 + 3.3 (7) 19
5.5547 £ 0.6 0% 11
5.6203 £+ 3.3 (7) 19
(5.713 £ 2) ~y 11
5.7628 £+ 3.4 (7) 19
5.8091 £2.9 0, 1,2)~ (7) 19
5.9361 £ 0.3 17,27 0% 11,19
6.0173 £0.3 17,27 ~y 11, 19
6.0446 +£ 0.4 ~ 11,19

6.25 £+ 20 ) 19
6.513 + 33 0752 (7) 19, 28
6.6013 £ 0.3 0r, 1" 0% 11
6.616 n 12
6.627 2- I' =0.29 keV v,n | 11,12, 19
6.632 n 12
6.634 n 12
6.637 n 12
6.648 1~ 1.62 v,n | 11,12
6.668 n 12
6.685 0~ 3.80 n 12
6.692 1~ 5.23 (7),n | 11,12, 13
6.696 2” 1.05 (7),n | 11,12
6.699 1+ 2.85 (7),n | 11,12
6.709 0~ 1.14 n 12
6.717 0~ 0.95 n 12




Table 20.4: Energy levels of 2°F # (continued)

Ey (MeV =+ keV) JT T Tor ey (keV) Decay Reactions
6.729 (07) n 12
6.732 (07) n 12
6.737 (07) n 12
6.742 (07) n 12
6.746 (07) n 12
6.791 0t 1.9 n 12
6.835 1+ 1.7 n 12
6.837 1+ 0.4 n 12
6.856 1+ 1.3 n 12
6.858 1 19 v,n | 11,12,13
7.005 0(-) 24 y,n | 11,12,13,19
7.076 (1) 24 v,n | 11,12,13
7.171 (2%) 14 v,n | 11,12
7.311 (D 33 v,n | 11,12
(7.355) (1) 19 n 12, 13
7.410 2") 10 v,n | 11,12,13
7.489 2) 57 n 12
7.503 0) 85 v,n | 11,13
7.670 2") 60 v,n | 11,12
7.80 (1,2) 100 v,n | 11,12
8.05 £ 100 27,2 28
8.15 (1) 190 v,n | 11,12
8.50 140 n 12
8.74 <30 n 12
8.77 76 n 12
8.99 140 n 12
9.69 140 n 12
9.85 120 nao | 12,18
10.024 £ 10 200 n o | 12,18
10.10 £ 50 n, o 18
10.228 £ 10 07,1 ~ 200 no | 12,18
10.480 £+ 10 ~ 10 n, o 12, 18
(10.641 + 10) 1,2 ~ 60 n |12




Table 20.4: Energy levels of 2°F # (continued)

Ey (MeV =+ keV) JT T Tor ey (keV) Decay Reactions

10.807 £+ 10 0-,1 ~ 330 na | 12,18

(10.89) n,a | 18

(11.045 £+ 10) ~ 30 n 12
(11.130 £ 10) <25 n 12, 18
(11.244 £+ 10) < 25 n 12, 18

11.49 + 50 n,a | 18

(11.73) n,a | 18

12.0 n, o 18

12.2 n,a | 18

12.39 n,a | 18

12.82 n,a | 18

13.2 n,a | 18

13.66 n, o 18

14.0 n,a | 18

& See also Tables 20.6, 20.9 and 20.14.
6. *0(d, a)'N Qm = 4.245 Ey = 12.369

Excitation functions have been measured for £y = 0.9 to 2.0 MeV (1960AMO3; «, a1, Qo,
Oég), 0.5 to 3.0 MeV (1957BOO4, Oé) and 9.6 to 11.5 MeV (1970B008, Oy, 5, Og, 748, (16, Oé17).
At the lower energies a number of sharp structures are reported: see (1957B0O04, 1960AMO03). At
the higher energies, there is no substantial resonant structure with widths less than a few hundred

keV (1970BO08).

7. BO(t, n)*°F

Qu = 6.112

The lifetime of 2°F*(0.82), 7, = 79 4 6 psec and J = 2, 4. The 167-keV ~y-ray from this
state to 2°F*(0.63) is observed to have a multipole mixing ratio near zero for both of the above .J
values. The results are consistent with 2°F*(0.82) having J™ = 4% and being the third member of
the ground state rotational band (1971PR10).
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Table 20.5: The half-life of 2°F 2

T1/2 (sec) Ref.

125+ 2 (1959VA10)

11.2£0.1 (1960SCO01)
11.56 £ 0.05 (1962MA38)
11.36 +0.07 (1963GLO1)
10.81 +0.11 (1967FL16)
10.31 £0.07 (1967YUO1)
11.03 £ 0.06 (1970WI105)
11.03 £ 0.06 “best” value

& See also (1952AJ38).

8. 180(*He, p)°F Qm = 6.876

Qo = 6.8752 £ 0.0015 (1970RO06).

Proton groups have been observed to states of 2°F with £, < 4.1 MeV (1970RO06): see
Table 20.7. Directional correlation and branching ratio measurements [see Table 20.6] lead to the
J™ assignments shown in Table 20.7 (1970QU04). See also (1967BI01, 1967QUO1). Angular
distributions of the protons corresponding to 2°F*(1.06, 3.49) are very similar at £(*He) = 18
MeV: both show an L = 0 + 2 pattern, and therefore both are J™ = 17 states. This implies that
20F*(3.53) which is only weakly excited has J™ = 07: see the discussion in (1971FO14) and in
reaction 19 [see also (1971BE19)]. See also (1969BA17Z).

9. 80(a, d)*F Qum = —11.478
Not reported.

10. (a) ®*O(°Li, a)*°F Qm = 10.895
(b) ¥O("Li, an)*°F Qm = 3.645

T ~ 1 psec for 2°F*(0.66) and 76 4= 20 psec for 2°F*(0.82): see Table 20.14 (1969NI09).
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Table 20.6: Radiative transitions in 2°F

E; Jr E; Ji Branching Refs.
(MeV) (MeV) (%)
0.66 3" 0 2 100 (1968SP01, 1970HO05, 1970QU04)
0.82 % 4+, 2% 0 2" 36 =10 | (1970QU04)
42 +4 (1969HE20)
0.66 3F 64+ 10 | (1970QU04)
58 + 6 (1969HE20)
0.98° | (1, 2%, 3%) 0 2" 90 + 10 | (1970QU04)
> 95 (1969HE20)
0.66 3t 10£10 | (1970QU04)
<5 (1969HE20)
<1 (1968SP01)
0.82 4+, 2% <1 (1968SP01)
1.06 1+ 0 2t 100 (1968SP01, 1970QU04)
0.66 3t <1 (1968SP01)
0.82 4+, 2% <1 (1968SP01)
1.31 2% 0 2t 100 (1968SP01, 1969HO20, 1970QU04)
> 86 (1969HE20)
0.66 3t <14 (1969HE20)
0.82 4+, 2% <2 (1968SPO01)
098 |(1+,2%,3N | <1 (1968SP01)
1.06 1t <1 (1968SP01)
1.82 37) 0 2" < 20 (1970QU04)
0.82 4+, 2% > 80 (1970QU04)
1.84 ¢ 2,17 0 2t > 95 (1970QU04)
0.82 4+, 2% <5 (1970QU04)
1.97 4 0 2" 20+ 10 | (1970QU04)
0.82 4+, 2% 50+ 15 | (1970QU04)
1.31 2t 30+ 10 | (1970QU04)
2.04 ¢ 2+ 0 2t 20+5 (1970QU04)
0.66 3t 805 (1970QU04)
2.19f 2" 0 2" 45+ 10 | (1970QU04)
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Table 20.6: Radiative transitions in ?°F (continued)
E; Jr E; Ji Branching Refs.
(MeV) (MeV) (%)

0.82 4+ 2% 55 £ 10 | (1970QU04)

2.87 0 2t (100) (1970QU04)
2.97°¢ 2%, 31 0 2t 244+ 3 (1969HE20)

45410 | (1970QU04)

0.66 3t 14+£2 (1969HE20)

0.82 4+, 2% 62+ 6 (1969HE20)

55 £ 10 | (1970QU04)

3.178& 0 2" <5 (1970QU04)

098 | (17,2%,3") | >95 (1970QU04)

3.49% 1+ 0 2t 68 £4 (1969HO20)

098 | (1+,2%,3") 7T+ 1 (1969H020)

1.06 1+ 7T+1 (1969H020)

1.31 2 10£2 (1969H020)

1.84 2,17 8+ 2 (1969H020)

3.53°b 0t 1.06 1t 100 (1968SP0O1, 1969HO20)

3.59 (1,2,3)" 0 2" 66 (1968SP0O1)
60 (1969H020)

2.04 2t 34 (1968SPO1)

40 (1969HO20)

3.68 0 2" 33 (1968SP0O1)
0.66 3t 67 (1968SP0O1)

3.97 0 2t 77 (1969HA04)
098 | (1t,2%,3%) 6 (1969HA04)

1.31 2t 17 (1969HA04)

4.081 1t 0 2" 35+5 (1969H020)
1.06 2 65+ 5 (1969H020)

4.28 (1,2)* 1.06 1+ 100 (1968SPO1)
5.41 2.04 2t 100 (1968SP0O1)
5.55 0 2" 24 (1968SP0O1)
1.31 2 76 (1968SP0O1)
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Table 20.6: Radiative transitions in 2°F (continued)

E; Jr E¥ Ji Branching Refs.
(MeV) (MeV) (%)

5.71 1.06 1t 60 (1969HA04)

4.28 (1,2)* 40 (1969HA04)

5.941 (1,2)” 0 2t 7 (1968SP01)

0.66 3t 35 (1968SPO01)

098 | (17,2%,3%) 4 (1968SPO01)

1.31 2t 1 (1968SP01)

1.84 2,17 7 (1968SP01)

1.97 31 (1968SP01)

2.19 2 5 (1968SPO01)

3.49 1t 10 (1968SP01)

6.027 (1,2)” 0 2t 29 (1968SP01)

40 (1968BL1C)

0.66 3* 3 (1968SPO01)

098 | (1t,27,3%) 19 (1968SP01)

23 (1968BL1C)

1.06 1 1 (1968BL1C)

1.31 2 2 (1968BL1C)

1.84 2,17 6 (1968SP01)

6 (1968BL1C)

2.19 2t 3 (1968SPO01)

2.97 8 (1968SPO01)

3.49 1t 19 (1968SP01)

18 (1968BL1C)

3.59 (1,2,3)* 10 (1968BL1C, 1968SP01)

4.08 1 3 (1968SP01)

6.04 1.31 2 46 (1968SP01)

1.84 2,17 54 (1968SP01)
6.60 0, 1+ see Table 20.9
6.63 2” see Table 20.9
6.65 1~ see Table 20.9
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& See also (1967BE36, 1968SP01, 1969H020, 1970HOO05, 1971PR10).
b See also (1967BE36).

¢ See also (1968SP0O1, 1970HO05).

4 See also (1967BE36, 1968SPO1).

¢ See also (1967BE36, 1968SP01, 1969HA04, 1970HO05).

f See also (1968SP01, 1969HO20).

& See also (1969HO20).

h See also (1967BE36, 1968SP0O1, 1969HA04).

I See also (1968SPO1).

1 See also (1969HA04).

11. 9F(n, v)®F Qm = 6.601
Qo = 6.6013 % 0.0010 (1967RA24);
Qo = 6.602 & 0.002 (1967BL04, 1968BL1C);
Qo = 6.011 & 0.0003 (1968SPO1);
Qo = 6.6020 & 0.0006 (1969HA04).

The thermal capture cross section is 9.8 4+ 0.7 mb (1963GLO1: see (1964ST25)). At E,, = 30
keV it is reported to be 4.5 + 1.0 mb (1963MA60). A number of resonances have been observed
for £, < 1.65 MeV: see Table 20.8 (1959GA08). The primary ~y-rays resulting from capture at
thermal energies (*°F*(6.60); J™ = 0, 17) and at E,, = 27 and 48 keV (*°F*(6.63, 6.65); J™ = 2~
and 17, respectively) have been studied by several groups: see Table 20.9 (1965BI103, 1967BE36,
1967VAO0S, 1968BL1C, 1968SP01, 1969HA04). See also (1962BI1C, 1963NAO0S). There is some
disagreement between the results of the various groups but it appears that the decay of 2°F*(6.60)
is dominated by two intense transitions (probably E1) to 2°F*(5.94, 6.02) [thus J™ = 1, 27]. If
the ground state transition is mainly M1, these two E1 transitions are (in terms of W.u.) about 150
times stronger than the M1 transition (1968SPO01). It appears also that at 2°F*(6.63, 6.65) [J™ = 2~
and 17, respectively] the El transitions to the ground state are very weak, even though other
El transitions in the decay of these two states have approximately normal strengths (1965BI03,
1967BE36). Branching ratios for other ?°F states involved in this reaction are shown in Table 20.6
(1967BE36, 1968BL1C, 1968SP0O1, 1969HA04).

Table 20.10 displays excitation energies for 2°F states involved in cascade and in primary -
transitions (1968SP01, 1969HA04). (1968BL1C) suggest 4™ for 2°F*(0.83) since neither 2°F*(6.60)
nor 2°F*(6.02) [J™ = 0%, 17, and J™ = 1, respectively] decays to it and 3 for 2°F*(0.66)
since the 6.60 MeV state decays to it and 2°F#(6.02) does not. See also (1958GRO1, 1961WAO03,
1963GI1D) and (1964ST25).

12. °F(n, n)'°F Ey, = 6.601
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Table 20.7: States in 2°F from *O(*He, p)?°F

E, * (keV) Jr e

0 2+ d
657.2£1.3 3t
823.5£1.5 2%, 4%
982.9+1.3 1+, 2+, 3%
1058.1+£14 1t
1309.1 + 1.4 (1F, 2+)
182444+ 1.6° 1,2,3,5
1843.0 £ 1.7° 2,1+, 3%
1971.9+1.6
2044.0£1.6 2+t
2195.5£2.0 3,20, 1F
2868.2£2.3
2967.1 £2.0 2%, 3%
3487.8 £2.2 14
3586.3 £ 2.2
3681.0 £2.5
3761.0 £ 3.1
3966.9 £ 2.8
4083.7£2.9

a (1970R0O06).

b (1967QUOI) find By, = 1824.4 4 2.1 and 1843.0 + 2.2 keV.

¢ From (p, ) correlation measurements (1970QU04).

(1967BI01, 1967QUO1).

4 Known from $-decay: see reaction 29 in 2°Ne.

16
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Table 20.8: Resonances in *F(n, 7)*F #

E, P (keV) | o(n, 7)€ (mb) | [, (eV) | [ (keV) | J* | Ex (MeV)
27 308 1.1¢ 04f 2~ 6.627
48 36 1.6 151 1- 6.647

100 4.4 2.2 12f 1- 6.696
177 6.769
2704 1.4 3.9 20 1 6.858
308 6.894
388 6.970
425 0.31 1.5 25 0 7.005
500 0.30 1.9 25 0,1 7.076
600 4 1.8 8.1 15 1 7.171
760 0.11 2.9 60 1 7.323
865 0.11 60 7.423
950 0.06 2.8 95 0 7.503
1125 0.09 3.9 80 1 7.670
1290 0.27 8.6 75 1,2 7.826
1635 0.07 7.5 180 1 8.154

2 (1959GA08). See also Tables 20.6 and 20.9.
b (1963MA58) report a resonance at F), =

observe. However (1967BL1J) report a narrow resonance at F,, = 84 keV.

¢ At resonance after correction for resolution.
4 See also (1950HE92).

‘T, =0.38£0.10keV, I'y, = 0.55 £ 0.15 keV (1963MASS).

! From oy measurements.

17
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Table 20.9: Primary capture transitions in **F(n, 7)*F #

Final state

L, " from 2°F*(6.60)

I, * from °F*(6.63)

I, * from 2°F*(6.65)

20F% (MeV) | (1968SPO1) | (1969HAO04) | (1965BI03) | (1967BE36) | (1965B103) | (1967BE36)
0 11 10 <1 <1 543
0.66 <0.1 4 6+ 2 5 9
0.82 <0.1 (2)
0.98 1.5 2 5 13
1.06 © 6
1.31 3 25 3242 5 12
1.84 2
1.97 0.1 29 50 & 2 5
2.04 6 6 25 20 4242
2.19 4 6
2.87 3
2.97 <02 11
3.49 2.5 2
3.53 p 5 } 841 10 }
20 + 2
3.59 4.4 4
3.68 1 1
3.97 1
4.08 1 4 542 4
4.8 1 1
5.04 3
5.41 0.5
5.55 3
5.94 17 13
6.02 ¢ 38 48
6.04 2

& See also Tables 20.6 and 20.8 and (1968BL1C).

" In units of photons/100 captures.
¢ I, for the transitions (6.60 — 0), (6.60 — 1.06) and (6.60 — 6.02) are, respectively,

583.6 = 0.5 keV (1967VAO0S).

18

6599.8 & 3.0, 5534.9 £ 2.0 and




Table 20.10: States of 2°F involved in °F(n, v)?°F ®

By (keV)
(1968SP01) (1969HA04)
0 0

656.3 £ 0.3 656 = 1

8229+ 0.3

983.8 0.3 984 £1
1057.2 £ 0.3 10567 £1
1309.1 £ 0.3 1309 £1
1843.4+0.3 1843 £1
1970.6 £0.3
2044204 2044 +£1
21945+ 0.6 2194 £ 2
2965.8 £ 0.5 2966 £ 2
3488.3£0.3 3488 + 2
3526.0 £ 0.5
3587.3+£0.3 3588 £ 2
3681.0£0.4 3681 + 2

3967 £ 2
4082.2 £ 0.5 4085 £ 2
4276.7+ 0.5 4275 £ 2
5413.1£0.6
5554.7 £ 6
o713 +£2

5936.0 £0.3 9937 £ 1
6017.3£0.3 6018 =1
6044.6 £ 0.4
6601.1 £0.3 6602.0 £ 0.6
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The scattering amplitude (bound) is @ = 5.74 4 0.09 fm (1963BA1F). The coherent scattering
cross section is 3.9 &= 0.1 b (1964ST25). See also (1961WI1A, 1969BA1P).

The total cross section has been measured for £, = 1 to 300 keV (1964HI104), 0.2 to 2.2 MeV
(1964EL02), 0.45 to 1.20 MeV (1966CA14), 2.5 to 15 MeV (1971FO1P, 1971F024), 2.61 to 2.83
MeV (1965S0O1A), 3.35t0 5.07 MeV (1960TS02), 7 to 14 MeV (1957PE1B), 13.70 to 14.60 MeV
(1968HU17), 14.5 MeV (1970AN1F), and 17.7 to 29.1 MeV (1960PE25). See also (1966GAI1K,
1969ANI1E). For earlier measurements see (1959AJ76). Observed resonances in the total cross
section are shown in Table 20.11 (1958WI36, 1960TS02, 1964HI04, 1964ST25, 1966CA14). The
level density may be appreciably greater than that shown in Table 20.11: see (1964HI04) and
(1964EL02).

Angular distributions and polarization measurements have been carried out over the range £, =
0.2 to 2.2 MeV (1964EL02). The results have been interpreted in terms of doorway states: see
(1967AF01, 1967MO1M, 1968LE1P). Angular distributions have also been measured at £, =
14.1 MeV (1970CL03) and for £, = 0.66 to 2.92 MeV (1958WI36). See also (1970GA1A).
Polarization measurements are reported by (19620T01) at F,, = 3.5 MeV. See also (1959MA1C,
1965WY 1B, 1966EL1C, 1967EL1F) and (1964MEI1B, 1967FE1F, 1971BU02, 1971GI05; theor.).

13. 9F(n, n’)!9F* Ey, = 6.601

The excitation function for 0.110, 0.197, 1.24 and 1.37 MeV ~-rays has been measured from
threshold to 2.2 MeV by (1955FR1B). See also (1966VE1B, 1971BE1G). Resonances are reported
at £, = (100), 270, 420, (500), 780, 830, 880 and 950 keV, corresponding to the excitation of 20
states at £, = (6.70), 6.86, 7.00, (7.08), 7.34, 7.39, 7.44 and 7.50 MeV (1955FRI1B). See also
(1966VE1B). The cross section for excitation of *F*(2.78) has been studied for £, = 3 to 3.6
MeV. The very slow rise for the first 300 keV above threshold is consistent with the large spin
difference between °F*(2.78) and the ground state [.J™ = %Jr for the former, %Jr for the latter]. See
also (1970CL03) and (1964ST25).

14. 9F(n, 2n)!'8F Qm = —10.431 Ey, = 6.601

Cross sections have been measured from £, = 10 to 37 MeV (1961BR1A), 12.4 to 20.9
MeV (1965PI03), 12.6 to 19.6 MeV (1965B042), 12.7 to 19.4 MeV (1967ME22), 13.5 to 15.0
MeV (1967B024), 13.6 to 14.6 MeV (1968VO1B), 13.9 to 14.8 MeV (1964STI1F), 14.1 MeV
(1962CE1B), 14.2 MeV (1965NAIC), 14.4 MeV (1961RA06, 1963RA1A) and at 14.7 MeV
(1967PA27). See (1959AJ76) for earlier reports. See also (1960MCO05, 1961WIIC, 1963PI1B,
1964HE18, 1965GO1C, 1967CS02), (1964ST25, 1966JE1B) and (1969CHIN; theor.).

15. F(n, p)'°0O Qm = —4.036 Ey, = 6.601

Cross sections have been measured for £, = 12.6 to 19.6 MeV (1965B042), 14.4-14.8 MeV
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Table 20.11: Resonances in "*F(n, n)!°F

E, (keV) Iy (keV) JT 20F+ (MeV) Refs.
15.25 6.616 (1964HI04)
27.35 0.30 2~ 6.627 (1964H104)
31.9 6.632 (1964HI04)
34.0 6.634 (1964H104)
38.0 6.637 (1964HI04)
49.7 1.70 1- 6.648 (1964H104)
70.5 6.668 (1964H104)
87.8 4.00 0~ 6.685 (1964H104)
96.0 5.50 1- 6.692 (1964H104)

100.0 1.10 2~ 6.696 (1964HI04)

102.4 3.00 1t 6.699 (1964H104)

113.2 1.20 0~ 6.709 (1964HI04)

121.7 1.00 0~ 6.717 (1964HI04)

134.0 (07) 6.729 (1964ST25)

138.0 (07) 6.732 (1964ST25)

143.1 (07) 6.737 (1964ST25)

148.0 (07) 6.742 (1964ST25)

152.5 (07) 6.746 (1964ST25)

200.2 2.0 ot 6.791 (1964HI04)

246.0 1.8 1t 6.835 (1964H104)

247.8 0.4 1t 6.837 (1964HI04)

267.7 1.4 1t 6.856 (1964H104)

270 20 1 6.858 (1964ST25)

425 25 0 7.005 (1964ST25)

500 25 a+) 7.076 (1964ST25, 1966CA 14)

600 15 @21 7.171 (1964ST25, 1966CA14)

747 35 (1) 7.311 (1966CA14)

794 20 (1) (7.355) (1966CA14)

852 11 1) 7.410 (1966CA14)

935 60 () 7.489 (1958WI36, 1964ST25, 1966CA14)
1100 50 @21 7.65 (1958WI36, 1964ST25, 1966CA14)
1250 150 7.79 (1958WI36, 1964ST25)
1620 220 8.14 (1958WI36, 1964ST25)
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Table 20.11: Resonances in "?F(n, n)'?F (continued)

E, (keV) I, (keV) JT 20F+ (MeV) Refs.
2000 150 8.50 (1958WI36, 1964ST25)
2250 <30 8.74 (1958WI36, 1964ST25)
2280 80 8.77 (1958WI36, 1964ST25)
2520 150 8.99 (1958WI36, 1964ST25)
3250 150 9.69 (1958WI36, 1964ST25)
3420 130 9.85 (1958WI36, 1960TS02, 1964ST25)
3460 £ 10 (9.887) (1960TS02)
3505 + 10 (9.929) (1960TS02)
3560 £ 10 (9.982) (1960TS02)
3605 £ 10 200 10.024 (1958W136, 1960TS02, 1964ST25)
3820 +£10 | ~ 200 0,1 10.228 (1960TS02)
4085 +£10 | ~ 10 10.480 (1960TS02)
42554+10 | ~ 60 1,2 10.641 (1960TS02)
4430 £10 | ~ 330 0,1 10.807 (1960TS02)
4680 £10 | ~ 30 11.045 (1960TS02)
4770 £10 | < 25 11.130 (1960TS02)
4890 £10 | < 25 11.244 (1960TS02)
(4935) (11.29) (1960TS02)

(1962KA37, 1966MI14, 1966PR14, 1967CS03, 1967PA27, 1968RE07) and for E, = 18.2 to
21.0 MeV (1965PI03). See also (1959AJ76), (1961DA16, 1963PI1B), (1960BU1C, 1963LE1D,
1964ST25, 1966JE1B, 1971CU1B, 1971PR09) and '°0O.

16. YF(n, d)'*0 Qm = —5.768 By, = 6.601

See (1960VE06, 1967VA12, 1968RE07, 1969LI1F) and '80.

17. 9F(n, t)!70 Qm = —7.557 Ey, = 6.601

See (1967VA12, 1968RE07) and 70O in (1971AJ02).

18. F(n, a)'°N Qm = —1.523 Ey, = 6.601
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Table 20.12: Resonances in "F(n, o)'N

E, (MeV £ keV) E, (MeV)
(1955MBO01) | (1960SMO03) | (1961DA16)

34 9.8
3.61 £ 50 10.03
3.69 £ 50 10.10
3.77 £ 50 3.75 1+ 50 3.85 10.17
4.11 £ 50 4.08 £ 50 4.1 10.49
4.42 £ 50 4.36 £ 50 4.35 10.77

4522 10.89
4.86 £ 50 4.79 £ 50 4.80 11.18
5.15 £ 50 11.49
540* 11.73
5.7 12.0
5.9 =100 59¢% 12.2
6.10 12.39
6.55 12.82
6.9 13.2
7.44 13.66
7.8 14.0

a Not resolved.

Observed resonances are shown in Table 20.12 (1955MBO01, 1960SMO03, 1961DA16): see
graph in (1964ST25). Excitation functions are reported from threshold to £, = 6 MeV (1960SMO03),
E, = 82 MeV (1961DA16) and for £, = 14.2 to 21.0 MeV (1965P103). See also (1959AJ76),
(1962KA37, 1963P11B, 1966BHO05, 1966KNO02, 1968RE07, 1969BR1F), (1960BU1C, 1963CH20,
1966JE1B), (1964GA1A; theor.) and SN in (1971AJ02).

19. F(d, p)*°F Qum =4.377
Qo = 4.3777 £ 0.0009 (1970RO06; see also (1967SP09)).

Measurements of proton spectra and y-rays have led to the identification of a number of states
of 2°F: see Table 20.13 (1969HE20, 1969H020, 1970RO06). Angular distributions have been stud-
ied at £y = 0.6 MeV (1970SC14), 0.8 to 2.5 MeV (1964EL01), 1.32 to 2.03 MeV (19590N26),
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Table 20.13: States in 2F from PF(d, p)20F

E, (keV) ? Iy 4 Jre (2J; +1)S
(1970RO06) ® | (1969HO20) ¢ | (1969HE20) ©
0 2 1*, 2+, 3% < 0.06
654.9 & 1.0 655.94+0.2 | 655.4+0.5 2 1*, 2+, 3% 2.59
821.6 = 1.0 823.04+0.3 | 822.6+0.7 2 1*, 2+, 3% <03
983.3 + 1.0 983.94+0.3 | 983.4+0.7 2 1T, 2%, 3% <03
1056.34+1.0 | 1057.0+0.2 | 1055.2 4+ 0.6 0 0+, 17t 0.019
1310.8 £ 1.1 | 1309.3£0.2 | 1308.0+£0.9 |iso,28 | (1*,27,3%) | <0.02
1843.44+1.2 | 1843.5+0.7 <0.11
2043.7 £ 0.5 2 1*, 2+, 3% 2.32
2195.1+1.5 | 2194.5+0.6 2 1*, 2+, 3% 0.50
2863.7 + 1.6 3h 27,37,4 < 0.01
2966.6 + 1.7 | 2966.8 £0.6 | 2964.5 + 2.0 1 0-,17,2~ 0.36
3171.8 £2.2 | 3175.6 + 1.3 <02
3488.5 £ 0.3 0 0+, 17t 1.20
3525.5+£2.6 | 3525.9+0.5 0 0+, 1t 0.28
3586.4 +£2.7 | 3586.5+ 0.6 28 1*, 2+, 3% 0.36
3681.0 £2.5 <0.04
3760.8 + 2.7
3964.5 £ 2.5 <0.04
4080.9 £2.5 | 4082.5+0.8 0 0+, 1t 0.18
4198.9 + 2.7
4207.7 £ 2.6
4276.3 £ 2.8 28 1*, 2+, 3% 0.07
4311.5 £ 2.6 0 0+, 1t 0.27
4583.8 £ 3.0
45922+ 2.9
47302 £ 2.9
4763.8 £ 2.7
4891.6 + 2.8
4898.2 + 2.8
5040.2 + 3.1 1 0-,17,2~
5065.5 + 3.1
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Table 20.13: States in 2°F from "F(d, p)20F (continued)

E, (keV) ? Iy 4 Jre (2J; +1)S
(1970RO06) ® | (1969HO20) ¢ | (1969HE20) ©
5224.0 + 3.1 1 0-,17,2"
5281.0 + 3.3 1 0-,17,2~
5317.1+ 2.7
5344.5 + 3.3
5450.3 + 3.8
5455.4 + 3.2
5463.4 + 3.3
5620.3 + 3.3
5762.8 + 3.4
5809.1 + 2.9 (1) (0-,17,27)
5933.9 £3.3f 1 0-,1°,2
6015.0 £3.8f 11 0-,17,2"
6043.3 + 3.7
(1956EL1A)
6.25 4 20
6.52 4+ 20
6.63 & 20 1 0-,17,2"
6.81 420 1 0-,17,2"
6.98 4 20 1 0-,17,2~
7.20 4 20 1 0-,17,2"

& See also (1959AJ76, 1960RI0S, 1964LO1A).

b From measurements of proton groups.

¢ From measurements of ~y-rays.

4 (1956EL1A): see also (1963RO21, 1964EL01, 1964LO1A, 1966SC09, 1968BI09, 1970FO1J,
1970SC14, 1970ZA02, 1971LA1F, 1971R0O06, 1972LAI1N).

¢ J™ derived from I, measurements only. Unique assignments derived from (p-y) correlation work are
discussed in the text and displayed in Table 20.6.

£(1971R006) find B, = 5.932 + 0.005 and 6.013 & 0.005 MeV, respectively.

& (1963RO21): B4 = 2 MeV.

b (1963RO21) find [,, = 1.

L (1971RO06).

J(1970FO1J) and H.T. Fortune, private communication.
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1.35 to 2.00 MeV (1969BA2M), 1.5 MeV (1964LO1A), 2 MeV (1963R0O21, 1968BI09), 2.6 to
4.0 MeV (1970ZA02), 3 MeV (1971LAI1F, 1972LAI1IN), 8.9 MeV (1956EL1A, 1971R006), 9 and
13 MeV (1966SC09) and 16 MeV (1970FO1J). See also (1959AJ76).

Branching ratio and angular correlation measurements, together with lifetime determinations
[see Table 20.14] permit a unique choice of J™ in many cases, from among the J™ values stemming
from direct interaction analyses of angular distributions [see Table 20.13]. These J™ values are
displayed in Table 20.6 (1969HE20, 1969H020, 1970HO05, 1970R0O06). See also (1964CH21,
1965NE07).

(1970QU1A), using polarized deuterons, have looked at the protons corresponding to 2°F*(0.66,
2.04). These two states are found to be populated by a j = g neutron transfer. This result, togther
with (p-7) correlation data, provides a unique J™ = 3™ assignment for 2°F*(0.66) and is in agree-
ment with 27 for 2°F*(2.04). Transitions to 2°F*(2.19, 2.97) appear to be admixed j = 2, 2 transfer
implying J = 2 for both these states (1970QU1A). See also (1972HA2H). Comparison of the re-
sults of this reaction and of the 3O(*He, p)?*°F and ??Ne(d, «)*’F reactions leads to assignments
of J* = 17 and 0% for 2°F*(3.49, 3.53) (1971FO14).

See also (1959GO1C, 1960RA23, 1963BO1C, 1967HE1D, 1968CA1E) and (1958SA1A, 1959BO1C,
1959HO1D, 1959S11A, 1960NAT1A, 1962DA06, 1963RO13, 1966NEI1C, 1971BU02; theor.).

20. YF(t, d)2°F Q. = 0.344
See (1963HUIC).
21. F(19F, 18F)20F Qum = —3.833

See (1971GA13).

22. 290(57)*°F Qm = 3.815
See 0.

23. 2Ne(n, p)*°F Qm = —6.244
See (1971KA18).

24. 2°Ne(t, *He)?°F Qun = —7.008
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Table 20.14: Lifetime measurements of some 2°F states

20F* (MeV) T Refs.
0.66 * 0.36 = 0.07 psec (1969HE20)
0.37 £ 0.06 psec (1970HO05)

0.42 £+ 0.05 psec A

0.82° 76 % 20 psec (1969NI109)
> 4.4 psec (1969HE20)
0.970-9 psec (1970HO05)
79 £ 6 psec (1971PR10)
0.98 1.3%5% psec (1969HE20)
1.8 £ 0.4 psec (1970HO05)
1.06 < 92 fsec (1969HE20)
45 + 13 fsec (1970HO05)
1.31 1.1705 psec (1969HE20)
0.8 £ 0.3 psec (1970HO05)
1.84 30 £ 20 fsec (1970HO05)
2.04 < 38 fsec (1969HE20)
37 £ 16 fsec (1970HO05)
2.19 < 46 fsec (1969HE20)
< 12 fsec (1970HO05)
297 < 62 fsec (1969HE20)
60 £ 40 fsec (1970HO05)
3.49 < 47 fsec (1969HE20)
44 + 11 fsec (1970HO05)
3.53 < 32 fsec (1969HE20)
30 £ 15 fsec (1970HO05)
3.59 30 £ 30 fsec (1970HO05)

A: E.K. Warburton, J.W. Olness, G.A.P. Engelbertink and T.K.

Alexander, private communication.
& See also (1969NI109).
b See also (1971PR10).
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Not reported.

25. (a) 2'Ne(n, d)*°F Qm = —10.780
(b) 'Ne(d, *He)*F Qm = —7.511
Not reported.

26. 2!Ne(t, a)*F @m = 6.809
Not reported.

27. 22Ne(n, t)*°F Qm = —14.888
Not reported.

28. 22Ne(p, *He)*°F Qm = —15.652

At E, = 43.7 to 45.0 MeV, analog states have been studied in *°F and *’Ne [the latter via
22Ne(p, t)>°Ne]. The experimental cross-section ratio, R, for the transitions to 2°Ne*(10.28) and
DF0) [2F; T = 1] is 2.00 & 0.20; R for the transitions to 2°Ne*(12.25 + 0.03) and 2°F*(1.82)
[(37); T = 1] is 1.40 + 0.15 (1969HA19). Angular distributions for the *He ions and the tritons
corresponding to the first 7 = 2 states (J™ = 07) [**Ne*(16.72240.025) and °F*(6.5134+0.033)]
have also been compared. There is indication also for the excitation of the 27; T' = 2 states [at
E, = 8.05 MeV in 2°F and at 18.5 MeV in ?°Ne (estomated errors +0.1 MeV)] (1964CE05,
1969HA38). See also (19700L1B).

29. 2Ne(d, a)*°F Qm = 2.701

At By = 10 MeV, a-particle groups are observed to a number of states below E; = 6.0 MeV.
20F*(1.82) was more strongly excited than 2°F*(1.84) (1970FO1H). The angular distributions
(at £y = 10 MeV) of the a-particles corresponding to 2°F*(3.49, 3.53) have been measured.
20F*(3.49) is strongly populated and the angular distribution shows direct interaction features while
20F*(3.53) is weakly populated and the angular distribution is roughly symmetric about 90°. These
results are consistent with the assignments J™ = 17 and 07 for °F*(3.49, 3.53), respectively
(1971F0O14): see reactions 8 and 19. See also (19661.LA14).
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30. 2Na(n, o)*°F Qm = —3.867

See (1960VA15, 1961WI22, 1962KA12, 1962KA26, 1963CS03, 1966WO03) and (1964FA04,
1964MAIN, 1964SA1B; theor.).
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20Ne
(Figs. 11 and 13)

GENERAL.: (See also (1959A]76):

Shell model: (1959BRI1E, 1960SO1A, 1960TA1C, 1962TA14, 1963FL1A, 1963KE1B, 1963LEIC,
1963SA07, 1964BA1J, 1964BA1K, 1964IN03, 1964KE06, 1964MOI1E, 1964PA1D, 1964TAI1D,
1965BA1J, 1965DA1D, 1965DE1H, 1965YU1A, 1965ZA1B, 1966BA2E, 1966BA2H, 1966BA2C,
1966BO17, 1966INO1, 1966L.O07, 1966RI1F, 1966ZA1E, 1967BA1W, 1967BA1K, 1967BA1V,
1967BO09, 1967ENO1, 1967FEO01, 1967FL13, 1967GUO0S, 1967THA1M, 1967LA1H, 1967MU02,
1967PA1P, 1967PA10, 1967PA12, 1967P11B, 1967ST02, 1967ST1N, 1967ST25, 1967ST26, 1967ST1L,
1967SV1A, 1968ANI1G, 1968AR02, 1968BA1L, 1969BO1Y, 1968CO11, 1968DR1B, 1968ELI1C,
1968GUIE, 1968GU1C, 1968GU1G, 1968HA17, 1968HA26, 1968HA1P, 1968HE1H, 1968HI1H,
1968MO1G, 1968SA1J, 1968SA10, 1968ST06, 1968WOI1A, 1969AB0S, 1969AK02, 1969BA2G,
1969BA2J, 1969BA2K, 1969BE1V, 1969CO1M, 1969FA06, 1969FO1E, 1969F004, 1969GU1E,
1969HA1Z, 1969HAA45, 1969JA10, 1969KEI1B, 1969KUZZ, 1969L.A26, 1969LE1Q, 196OMAIT,
1969PA13, 1969SA19, 1969SAIF, 1969SA1A, 1969SV1A, 1969TE04, 1969WO1G, 1969WO06,
1970AN27, 1970AR21, 1970AS1F, 1970BO1J, 1970CA24, 1970EI06, 1970FA1F, 1970FR14,
1970GI1F, 1970GI11, 1970HA49, 1970KHO1, 1970KR1D, 1970KU16, 1970MC1J, 1970MC23,
1970NGO1, 1970PA15, 1970PA27, 1970RO1B, 1970RU1A, 1970ST1D, 1970SV1B, 1970TEIA,
1970TUO1, 1970WA39, 1970WO0O12, 1971ARO0S, 1971AR25, 1971ARIR, 1971B0O29, 1971FAO08,
1971FO19, 1971GU08, 1971GUIN, 1971HA1U, 1971HO23, 1971JE02, 1971KE10, 1971LA13,
1971MA22, 1971RA16, 1971SCO1, 1971STO01, 1971WIO1, 1971WO13, 19712003, 1972LEIL,
1972RE03).

Collective and deformed models: (1959BE1A, 1960BE1A, 1962TA14, 1963FL1A, 1963KE1B,
1963LEIC, 1964BA1J, 1964BA1K, 1964KE06, 1966AB04, 1966BO17, 1967BA1V, 1967BE1V,
1967DA1G, 1967FEO1, 1967KE1H, 1967KRI1E, 1967LAI1G, 1967PA12, 1967PA1M, 1967RI1B,
1967ST25, 1967STI1L, 1968CO11, 1968HO1G, 1968RIIM, 1968SA10, 1968ST06, 1968UNI1A,
1969ABO0S5, 1969AK02, 1969BA2G, 1969BE1V, 1969DA14, 1969HA45, 1969LE1Q, 1969VOLE,
1969WO006, 1970FA1F, 1970FR14, 1970GO1Q, 1970KHO01, 1970NGO01, 1970PA15, 1970RIIC,
1970SV1B, 1970VO01, 1971ARIR, 1971B0O29, 1971CH22, 1971DEIR, 1971HO19, 1971HO23,
1971KE10, 1971M102, 1971P102, 1971STO01, 19712003, 19712001, 1972AB1C, 1972LE1L).

Cluster and a-particle models: (1959BE1A, 1960BEIA, 1960SHI1A, 1962B0O23, 1962VAI1D,
1964MA1G, 1965IN1A, 1965NE1C, 1966HA33, 1966KA1A, 1968AB1B, 1968PI1A, 1968TA1G,
1969AB1B, 1969BA2E, 1969BA2L, 1969CHI1P, 1969HI1B, 1969SM1A, 1969WE1J, 1970BA2B,
1970BA2H, 1970BR35, 1970EI106, 1971CH22, 1971FR06, 1971HA44, 1971KHO06, 1971MCIF,
1972ABI1C).

Astrophysical questions: (1961GO1G, 1963DUIC, 1970BA1IM).

Giant resonances (See also reactions 30 and 32.): (1963MI1B, 1965DA1D, 1965GR1H, 1966BA2F,
1967BE1V, 1969HA1Y, 1969HO1W).
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Table 20.15: Energy levels of ?°Ne 2

E, J* T K™ T OF I . Decay Reactions
(MeV £ keV) (keV)
0 0t 0 0t stable 1,2,3,4,5,6, 8, 13,
14, 16, 19, 20, 26, 27,
28, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40,
41, 42, 45, 46, 47, 48,
49, 50, 51
1.6338 0.4 270 0t Tm = 1.20 £ 0.15 psec 0 3,4, 8,13, 14, 15, 16,
18, 19, 20, 26, 27, 28,
29, 36, 37, 39, 40, 42,
43,44, 45, 46, 47, 50
42473+ 1.8 470 0t Tm = 93 £ 9 fsec vy 3,4,8,13, 14, 16, 18,
19, 20, 26, 27, 28, 36,
37, 39, 40, 44, 45, 46,
47, 50
4.9682 4+ 0.8 27;0 2” Tm = 4.8 £ 0.5 psec vy 3,4,13,19, 20, 26, 27,
28, 29, 36, 40, 44, 45,
47, 50
5.6217 £ 2.0 37;0 2- Tm = 200 £ 50 fsec v, 3,4, 8,13, 14, 18, 19,
20, 26, 27, 28, 36, 37,
40, 45, 47, 50
5.785 4+ 3 17;0 0~ > 13x1072 v, 3,8,13, 14, 18, 19, 20,
27,28, 37, 40, 45, 50
6.722 + 3 070 0t 157 v, 3,8,9, 13, 19, 26, 27,
28, 45
7.0055 £ 2.8 - 2- Tm = 440 £ 90 fsec vy 3,4,13,27,28
7.166 &+ 4 37; 0~ I'=38 o 3,9, 13, 14, 27, 28, 40
7.196 + 4 0™ 0 4 v, 3,8,9, 13, 14, 27, 28,
37
7.424 + 4 270 0t 8 o 3,9, 26,27, 36,43
7.834+ 4 270 2 o 3,9, 19, 26, 36, 43
8.447 + 3 57:0 2- v, Q 3,8
~ 8.6 070 > 800 « 9
8.72 + 20 17,0 2.5 o 3,9,43
8.7750 £ 2.2 670 0t 0.110 4+ 0.025 v, 3,8,9,13,19, 36
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Table 20.15: Energy levels of 2°Ne # (continued)
E, J* T K™ T OF I . Decay Reactions
(MeV £ keV) (keV)
~ 8.8 27,0 > 800 ! 9
8.82 b7)0 <1 « 9
8.850 £+ 5 17;0 19 « 3,9
9.040 £ 5 4750 0* <3 v, Qv 3,8,9,19
9.117£5 37;0 3.2 «Q 3,9, 26, 36
(9.34 + 30) 3,26
9.489+9 27:0 29+ 15 ¥, @ 3,8,9,43
9.950 + 6 (17) Tm < 35 fsec ol 3,19
9.99 + 10 470 [' =150+ 50 v, @ 8,9,19, 26, 36
10.257 £ 5 57,0 0~ 141 « 9
10.26 4= 20 271 <2 ¥, 3,8,19, 26,43
10.401 £ 5 37;0 81 « 9
10.548 + 5 470 16 « 3,9
10.579 + 10 27:0 24 « 3,9
10.609 + 7 670 2- Tm = 23 + 7 fsec vy 3
10.79 £ 100 4750 [I' =350 @ 9
10.836 £5 27,0 13 « 9,43
10.836 37,0 45 « 9
10.853 & 10 (1,2,3)"; 1 19, 26
10.920 £ 7 Tm < 30 fsec 7y 3
10.97 £ 150 0750 [' =580 @ 9
11.015 4+ 10 470 24 « 9
11.08 + 20 4+ 1) <3 va |8, 26
11.23 + 30 17;0 172 9
11.233 £ 10 %1 ol 20, 26, 34, 45
11.27 £ 30 2" <4 v, Qv 8,43
11.324 + 10 270 53 «Q 9
11.528 &6 <4 Tm < 30 fsec ¥, 3,8, 19
11.549 4+ 10 Tr=1 26, 34
11.871 + 20 27,0 [I' =46 @ 9
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Table 20.15: Energy levels of 2°Ne # (continued)

E, J* T K™ T OF I . Decay Reactions
(MeV + keV) (keV)
11.925£5 4750 0.44 +0.15 @ 9,26
11.948 £5 8,0 0t (35 4+10) x 1073 e 3,8,9,13
11.953 £+ 10 1750 24 e 9
11.971 £8 1750 29 £8 @ 9
12.086 £+ 10 T=1 (a) 9,26
12.150 £ 10 6750 < 40 3,26
(12.200 £ 10) (T=1) 26
12.224 + 10 4750 142 Q@ 9
12.245 £ 15 2%); 1 40 £+ 16 v, 8, 20, 26
12.35 + 100 27,0 Q@ 9
12.367 £+ 10 37;0 46 + 16 Q@ 9,26
12.410 £5 0%; 0 <8 Q@ 9,19, 26
12.559 4+ 10 6750 101 Q@ 3,9
12.61 + 100 e} 9
12.682 £ 15 57;0 97 Q@ 9
12.77 £ 100 4750 100 Q@ 9
12.83 + 30 55 Q@ 9,19
12.98 + 75 (47;0) 60 Q@ 9
13.060 + 4 2- 1.0 p, 32
13.086 4 15 (4*;0) 70 e 9,26
13.168 £ 1 1% (1) 23+0.2 v, p,a | 20,21,22,26
13.18 =75 4+ 0) 60 Q@ 9
13.224 1~ 95 p, 22
13.224 0" 95 p, 22
13.304 £ 1 1t 0.9+0.1 v, p,a | 20,21,22
13.333 £6 70 2- (80 £ 30) x 1073 Q@ 3,9
13.342 4750 20 Q@ 9
13.411 2” 35 v, p,a |9,20,21,22
13.42 + 140 4+ 0) 110 Q@ 9
13.462 + 20 1~ 190 p, & 22
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Table 20.15: Energy levels of 2°Ne # (continued)

E, J* T K™ T OF I . Decay Reactions

(MeV + keV) (keV)

13.479 £ 1.5 1% 1 7.1 v, p,a | 19,20,21, 22,26
13.523 (17) 30 p, 21,22
13.541 2t 63 p, 22
13.584 2" ~ 10 p, @ 21,22

13.63 + 30 7.9 P 19, 21

13.650 £ 15 0F; 1 22 p, 21, 22,26

(13.66) 1~ 115 p, 22

13.673+ 1 2- 4.5+0.2 v p,a | 20,21,22
13.699 4.6 p 21
13.7 £ 400 (3,7~ 320 Q@ 9

(13.73) 0t 170 p, 22

13.733 £ 1.5 1+ 7.7+0.5 v, p,a | 20,21,22

13.775 Y P 20
(13.87) (17) 190 p, 22
13.88 £ 30 (61) 100 Q@ 9,13

13.882 + 15 ~ Y, p 20, 21, 26
13.903 2" 48 p, @ 32
13.924 3.5 p 21
13.946 0t ~ 70 p, & 22
14.017 1~ ~ 70 p, 21,22
14.03 2" ~ 140 p, & 22
14.065 18 Y P 20, 21
14.098 3.8 Y, p 20

14.124 £ 1.2 2” 4.7+0.7 v, p,a |9,20,21,22
14.134 2" 51 p, @ 22

14.148 £ 1.2 2” 11.8£1.0 v, p,a | 20,21,22
14.197 1t 139+1 Y, p 20, 21
14.3 £ 300 6" 240 Q@ 9,13
14.373 ~ b P 21
14.421 p 21
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Table 20.15: Energy levels of 2°Ne # (continued)

E, J* T K™ T OF I . Decay Reactions

(MeV + keV) (keV)

14.453 £+ 2 33+£3 p, & 21,22
14.467 0* 135 p, 22
14.6 £+ 300 (4h) 240 e 9
14.604 1~ 125 p, @ 22

14.695 £ 2.6 (17) 38 £10 p, & 21,22

14.772 £+ 3.0 95 + 20 p, 21,22

14.85 + 150 (21, 4% ~ 100 p, 9,22

15.03 £ 150 (2% ~ 90 p, 9,22

15.18 £ 40 9~ 3
15.23 28 p, 22
15.26 (17) 285 p, 13,22
15.30 (0") 285 p, & 22
15.39 76 p, & 22
15.44 57 p, 22
15.52 150 p, 22
15.59 @ 9
15.618 (87) 2- 3
15.71 28 Q@ 9,22
15.9 £+ 40 57 (o) 3,9,22
15.9 £+ 40 8* (o) 3,9,22
16.02 100 p, @ 22
16.24 Q@ 9
16.34 (100) p, 9,22
16.49 p, 9,22
16.59 125 p, & 9,22

16.728 =4 0t;2 20+0.5 v, p,a | 19,20,21,22,45
16.77 100 p, 22
16.98 100 n,p, o |22,23
17.08 90 n,p,a |22,23

b
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Table 20.15: Energy levels of 2°Ne # (continued)

E, J* T K™ T OF I . Decay Reactions
(MeV + keV) (keV)

17.30 60 np,a |22,23

17.50 86 n,p, o |22,23

17.58 38 n,p, o |22,23

17.76 180 p, & 9,22
18.08 4+ 180 67, 77) 140 n,p,a |3,923
18.31 £ 300 (61) 240 np,a |9,23

18.426 £5 20, T =2 10+ 3 v, n, p, | 20,21, 22,23, 45

18.7 (6™) 600 Q@ 9
19.16 £ 250 (6™) 200 Q@ 9
19.40 £ 350 6" 280 Q@ 9
19.84 + 350 6" 280 Q@ 9
20.16 £ 120 . 250 Q@ 9

20.4 £+ 180 6" 360 Q@ 9

20.4 + 100 . 200 Q@ 9
20.68 £+ 60 9~ 120 Q@ 9

20.9 @ 9

21.0 7 200 Q@ 9
21.08 + 40 9~ 80 Q@ 9

21.3 . 300 Q@ 9

21.8 +200 . 300 Q@ 9

22.3 + 200 7 500 Q@ 9

22.7 4+ 250 9~ 500 Q@ 9
22.84 + 125 9~ 250 Q@ 9

23.4 + 250 8* 500 Q@ 9
24.11 4+ 150 8" 350 Q@ 9

25.0 £ 300 8F 600 Q@ 9

25.7 + 200 400 Q@ 9

27.2 + 350 700 Q@ 9

28. 8" 1600 SHe,a | 9,17

28.2 £ 350 700 Q@ 9
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& See also Tables 20.17 and 20.18.
b Additional states with E, > 17.1 MeV are reported in reaction 23: see Table 20.30.

Electromagnetic transitions: (1965GR1H, 1965NEIC, 1965ST22, 1967GU1D, 1967HS1A,
1967KA06, 1967KUI1E, 1968AN1G, 1968ELI1C, 1968GU1G, 1968HA17, 1969AB05, 1969AK02,
1969BE1V, 1969CU07, 1969FO1E, 1969HA1Y, 1969HA1Z, 1969HA1F, 1969HI1B, 1969JA 10,
1969L.A26, 1970AN27, 1970HA49, 1971 AR05, 1971AR25, 1971FO19, 1971GU1N, 1971HA44).

Special levels: (1960SH1A, 1961BA1D, 1961TR1B, 1964BA1J, 1964BA1K, 1964ENIA,
1964MI16, 1964TA1D, 1966BA42, 1966BO17, 1966BR1H, 1966L.0O07, 1966ZA1E, 1967ENOI1,
1968AN1G, 1968AR02, 1968HA1P, 1968SA1J, 1969AK02, 1969BO1Z, 1969HA1Y, 1969HA1G,
1969HAT1F, 1969JA10, 1969ST1J, 1969TE04, 1969W0O06, 1970AN27, 1970AR21, BA70W, 1970GO1Q,
1970HO17, 1970RO1B, 1970RU1A, 1970TEIA, 1971ARIR, 1971BO1F, 1971FA08, 1971GUO08,
1971LE30, 1971SE1C, 1971ST36).

Special reactions: (1960ANI1A, 1960LE1A, 1970BEI1D, 1970HU07, 1971ARO02).

Pion and kaon capture and reactions: (1970GA1K).

Other topics: (1960EV1A, 1960SO1A, 1961BAI1D, 1962CH12, 1963DAI1C, 1963EV01, 1964AB1A,
1964BR1H, 1964EN1A, 1964IN03, 1964KA1A, 1964MO1E, 1965DE1H, 1965YO1A, 1966DAI1E,
1966GI1A, 1966INO1, 1966SU1D, 1966YO1B, 1967AB03, 1967BA1W, 1967BR1G, 1967FL13,
1967GUO0S, 1967GU1D, 1967KA06, 1967KE1H, 1967PA1P, 1967ST02, 1967STIN, 1967ST25,
1967ST26, 1968DA1P, 1968DR1B, 1968DW1A, 1968FL1C, 1968GU1E, 1968GU1C, 1968GU1G,
1968HE1H, 1968MO1G, 1968PA1Q, 1968SA10, 1968TA1G, 1968WO1A, 1969BA2G, 1969BA2],
1969BA2K, 1969BO1Z, 1969DE15, 1969KE1B, 1969L.A26, 1969MAI1T, 1969RU04, 1969SHI1E,
19695008, 1969W006, 1970BO1J, 1970DA13, 1970FO1K, 1970GM1A, 1970GO1R, 1970PA15,
1970RU1A, 1970RU1B, 1970ST19, 1970TUO1, 1970VO01, 1971FA13, 1971FO04, 1971FR1B,
1971G0O36, 1971HA14, 1971HO19, 1971HO23, 1971JE02, 1971LA13, 1971MI102, 1971SCO01,
1971SEIC, 1971STO01, 19712003, 1972LE1L, 1972RE03).

Ground state: J = 0 (1960LU06);
i< 4 x 1074 nm (1960LU06); see also (1964L114).

See also (1967BA1V, 1967GU1D, 1967LA1G, 1967SH14, 1967ST26, 1968EL1C, 1968RI1M,
1969BA2J, 1969CO1M, 1969FO1E, 1969F004, 1969FU11, 1969HI1B, 1969KE1B, 19691L.A26,
1969SA19, 1969SA1F, 1970GO1R, 1970KHO1, 1970RU1B, 1970ST19, 1970TUO1, 1970VOO01,
1971AR25, 1971B0O29, 1971F019, 1971GUIN, 1971LA13, 1971RA16, 1971SCO01, 1971STO1,
1971TELC, 1971WIO01, 19712003, 1972LEIL).

Q(*°Ne*(1.63)) = —0.24 £ 0.03 b (1970NA07);
B(E2)(0" — 27) = 0.048 + 0.007 €2 - b (1970NA07).
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1. 9Be(*N, t)2°Ne Qum = 6.304

See (1958GO71).

2. 'B(*N, a)*Ne Qm = 19.534

See (1970ISTA).

3. 12C(12C, a)*°Ne O = 4.618

Particle group and v-ray energy measurements have been made for many states of 2°Ne: see
Table 20.16 (1961AL12, 1964PE02, 1966KU03, 1967KU04, 1970PA0S, 1971HA26, 1971MI09,
1971MI1J, 1971PA1C, 1971SC12). Angular correlation (1961GO12, 1962KU03, 1964KUO03,
1966KUO03, 1967KU04, 1967SM04, 1971SC12) and ~y-ray branching measurements [see Table
20.17] (1964BR18, 1967BR22, 1967SM04, 1971HA?26) lead to the J™ assignments shown in Ta-
ble 20.16, which also show level assignments to rotational bands. See also (1962BR35, 1964AL.15,
1966BRI1T).

At E(*2C) = 22.0 to 35.0 MeV the a-spectra are dominated by the group corresponding to the
2% state at E, = 7.83 MeV. Both 2°Ne*(7.83) and 2°Ne*(7.20) [J™ = 07] are much more strongly
excited than the 0 and 27 states at £, = 6.72 and 7.42 MeV. At E(*2C) = 25 and 27 MeV, the
distributions of the a-particles to 2°Ne*(7.83) is barely oscillatory and is strongly forward peaked,
indicating a direct interaction, while the distributions to 2°Ne*(7.42) are compound nuclear in char-
acter. This is consistent with the hypothesis that 2°Ne*(7.20, 7.83) are quartet states of the configu-
ration (220) [two sd-shell a-particles outside a '2C core], populated via a “semi-direct” mechanism
that proceeds through the formation of doorway states in the incident channel (1971MI109). See
also (1970AR21, 1971MI1J, 1971MI11). At E(*2C) = 50 MeV, compound nucleus formation
dominates (1971HA1D). Angular distributions are also reported at F(*2C) = 5.6 to 6.2 MeV
(1963AL07; cvg — 3, igys), 10.6 to 12.4 MeV (1963KUO0S; «p), 12.5 MeV (1961PO13; «y,
a1), = 20.0 to = 28.4 MeV (1964B0O35; «y), 20.3 to 25.6 MeV (1964AL17, 1964V0O03; oy, o),
21.5 to 28.3 MeV (1964B035; «4) and 50 MeV (1970PA08, 1971PA1C; oy, a5, rqg). See also
(1972NOO01; theor.).

(1969PA22) have studied the yield of this reaction to permit predictions of the cross section
in the energy region of interest in stellar carbon burning. The importance of this reaction for
astrophysical work is discussed by (1969AR1F). See also 2*Mg in (1973ENVA).

For lifetime measurements, see Table 20.18 (1962BR35, 1965EV03, 1971HA26). See also
(1961CLO06).

See also (1959ALI1H, 1960AL05, 1961LI07, 1961LI17, 1961SE1C, 1968JA1F, 1970MA1D,
1971HAI1D, 1971MAI1E), (1966KU1D) and (1961LI106, 1965BO1H, 1966ER1A, 1967VOI1B,
1968GA1)).
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Table 20.16: Excited states of 2°Ne from 2C(*2C, a)*°Ne

By (MeV +keV) Tem. Jre K™
(1961AL12) @ | (1964PE02) ® | (1967KU04) ® | (1971HA26) P | (1971MI09) > | (1971PA1C) >4 | (1971SC12)? | (keV)
1.6329 + 1.0 ot ot
4.25 £ 20 4.25 4 20 4.2456 + 2.5 4+ ot
4.97 £ 20 4.97 4 20 4.9663 + 2.5 2~ 2~
5.64 + 20 5.62 £ 20 5.618 & 4 3~ 2~
5.81 + 20 5.79 £ 20 1~ 0~
6.17 = 20
6.74 & 20 6.71 £ 20 6.722 + 4 0t
6.87 + 20
7.05 + 20 7.02 + 20 7.004 +4 7.007 £ 4 4- 2~
7.19 + 20 7.17 £ 20 7.159 + 4 7.15 + 60 3~ 0~
7.25 + 20 7.21 + 20 7.195 + 4 0t
7.46 + 20 7.43 +20 7421 +4 2+
7.65 + 20
7.86 + 20 7.85 + 20 7.833 + 4 7.83 + 60 o+
7.93 + 20
8.52 & 20 8.46 =+ 20 8.446 + 9 5 2~
8.71 £ 20 8.73 %+ 60 1~
8.79 £ 20
8.92 & 20 8.87 + 20
9.04 £ 20
9.11 £ 20
(9.31 + 20)
9.48 £ 20
9.950 + 6
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Table 20.16: Excited states of 2°Ne from 2C(*2C, a))*°Ne (continued)

E, (MeV + keV) Tem. Jre K~
(1961AL12) 2 | (1964PE02) 2 | (1967KU04) 2 | (1971HA26)® | (1971MI09) ¢ | (1971PA1C) »4 | (1971SC12) 2 | (keV)
10.24 + 20 a+)
10.57 + 40 < 40 4+
(10.65) 10.609 4 7 6~ 2~
10.920 & 7
11.528 + 6
11.99 f& g+ 0t
12.19 + 40 < 40 6+
12.5 4+ 300 6+
13.39 + 40 1343460 | <40 7 2~
15.18 £ 40 9~
15.62 + 30 <23 (8) 2~
15.9 + 40 5
15.9 + 40 g+
17.4 <23 | 8<J<12
18.15 + 40 < 40 7

& From measurements of particle groups.

P From measuremenets of ~-rays.
¢ See also (1971 MI11J).
4 AD. Panagiotou, private communication; see also (1970PA0S).

¢ From work done with this reaction.

f (1966KU03).

& See also (1971MA23).




Table 20.17: Radiative decays in 2°Ne #

E; J5T | Eg Branch r, |M|? Refs.
MeV) MeV) (%) (meV) (W.u.)

1.63 2+; 0 0 100 17.8 +£2.5 (1971HA26)

4.25 4+;0 | 1.63 ~ 100 21.9 £ 2.1 (1971HA26)

4974 | 2750 0 0.6 + 0.2 2x 1072 | (1967BR22)

(2.540.9) x 1073 | (1971HA26)

1.63 99 (1967BR22)

(1.740.7) x 1072> | (1971HA26)

(7.0 4+ 1.0) x 1075 ¢ | (1971HA26)

562°¢| 37;0 0 7.6+ 1.0 (1964BR18)

10.6 + 2.7 (1971HA26)

1.63 | 87.6 £ 1.0 (1964BR18)

(6.6 £1.5) x 1076 | (1971HA26)

497 | 48416 35+9 (1971HA26)

579F | 17;0 0 1845 7.2 x107% | (1965VA14)

1.63 82+5 4.0 9.2 x 107° | (1965VA14)

6.72 0t;0 | 1.63 100 33 3.8 (1965VA14)

7018 | 47;0 | 1.63 | 0.5+0.2 (1967BR22)

4.25 63.5 (1967BR22)

(1.74£0.4) x 107> | (1971HA26)

4.97 11 (1967BR22)

10.4+1.8 (1971HA26)

5.62 25 (1967BR22)

24+5 (1971HA26)

7.20 0t;0 | 1.63 (1969GR03)

8.45 57;0 | 5.62 100 1343 26 + 6 (1971RO33)
878" | 6T;0 | 4.25 100 100 £ 15 20.4 +2.4 (1971DI08, 1971RO13)

9.04 4+;0 | 1.63 (100) 0.38 & 0.05 7.0 (1964PE05)

9.49 2+; 0 0 < 0.06 <03 (1964PE05)

1.63 (100) 0.26 + 0.1 3.2 (E2),0.03 (M1) | (1964PE05)

995 | (17);0 | 1.63 > 90

9.99 4*; 0 0 <0.07 (1964PE05)

1.63 (100) 0.9 4 0.4 6.9 (1964PE05)

10.26 2+ 1 0 0.19 £ 0.05 0.6 (1964PE05)
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Table 20.17: Radiative decays in 20Ne @ (continued)

E; J5T | Eg Branch r, |M|? Refs.
MeV) MeV) (%) (meV) (W.u.)
1.63 56+0.6 | 0.41(MI1),0.017 (E2) | (1964PE05)
4.97 <044 < 0.006 (1964PE05)
10617 | 67;0 | 7.01 |955+1.2 17" (1971HA26)
845 | 45+1.2 10+4 (1971HA26)
10.92 1.63 2545 (1971HA26)
4.25 7545 (1971HA26)
11.08 | @t;1) | 1.63 <0.08 <04 (1964PE05)
4.25 (100) 4.8+0.5 0.72 (M1), 7.3 (E2) | (1964PE05)
7.01 <14 <0.04 (1964PE05)
11.23 11 0 (100) (1964PE05)
11.53 <4 4.25 34+6 (1971HA26)
4.97 66 + 6 (1971HA26)
11.95 g8t:0 | 8.78 100 7.5+ 2.5 (1972AL05)
1225 | @t 1| 1.63 (100) (1964PE05, 1968LA1H)
13.48 11 1.63 95 (1961GO21)
4.97 5 (1961GO21)
13.88 1.63 20 (1961GO21)
4.97 80 k (1961GO21)
16.73 0t;2 | 11.23 (100) ~ 5000 (1967KU06)
18.43 2+:2 | 12.25 (100) ~ 300 (1968LA1H)

# See also (1961CL06, 1962EI104, 1965EV03).

b 1f M2.
< If E2.

d See also (1960KA18, 1961GO21).
¢ See also (1964AL1S5, 1965VA14).

' See also (1964AL15).
g See also (1962BR35, 1966BRIT, 1967SM04).
b See also (1967L107).
i See also (1967SM04).

1 See also (1964PE05). Note: this footnote is not labeled in the tablular.
k See Table 20.23.
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Table 20.18: Lifetime measurements of some 2°Ne states ?

2ONe* (MeV) T Refs.
1.63° 1.23 4+ 0.12 psec | (1965EV03)
1.154+0.20 psec | (1971HA26)
1.20 £ 0.15 psec | ‘best’ value (1971HA26)
4.25°¢ 134 £+ 12 fsec (1965EV03)
150 % 25 fsec (1969ANO0S, 1969AN1))
93 £ 9 fsec (1971HA26)
93 £+ 9 fsec ‘best’ value
4.97°¢ 2.875:5 psec (1969AN08, 1969AN11J)
48717 psec (1965EV03)
4.8 £ 0.5 psec (1971HA26)
4.8 £ 0.5 psec ‘best’ value
5.62 350 £ 75 fsec (1965EV03)
200 =+ 50 fsec (1971HA26)
200 % 50 fsec ‘best’ value
7.01 40575 fsec (1962BR35)
470 + 90 fsec (1971HA26)
440 + 90 fsec mean value
9.95 < 35 fsec (1971HA26)
10.61 23 4+ 7 fsec (1971HA26)
10.92 < 30 fsec (1971HA26)
11.53 < 30 fsec (1971HA26)

2 See also (1964LI1B).

b See also (1956DE22, 1959AL91, 1961CLO06,

1969GRO3, 1969THO1).
¢ See also (1961CL06).
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4. 2C(1N, °Li)*Ne Qm = —4.182

At E(*N) = 52 and 60 MeV the reaction appears to proceed via the direct transfer of eight
nucleons. Angular distributions have been reported for the °Li ions corresponding to 2°Ne*(0,
1.63, 4.25, 4.97, 5.62, 7.01) (1971MA23). Assignment of observed states to rotational bands is
discussed by (1971MA23, 1971NA17).

5. 12C(1°0, ®Be)*°Ne Qm = —2.637

See (1963G0O27, 1971GO1IM).

6. 2C(*F, 'B)*’Ne Qm = —3.112

See (1967BO1P, 1971BO1V). See also (1969VO1D).

7. (a) “UN(°Li, p)'°F Qu = 11.148 E, = 23.994
(b) N(°Li, d)'8F Qu = 2.943
(c) UN(°Li, )'°0 Qu = 19.263
(d) N(°Li, an)'*0 Qum = 3.594

Yield curves have been measured for F(°Li) = 4.1 to 6.3 MeV for the protons to F*(2.78),
and the dy and oy groups: no structure is apparent (1968R113). See also (1961 NOO0S).

8. 160(av, v)**Ne Qm = 4.730

Observed resonances in the yield of capture ~-rays over the range £, = 0.8 to 10 MeV are
displayed in Table 20.19 (1964PEO05, 1965VA14, 1967L107, 1969GR03, 1972AL05, 1971DI0S,
1971R0O13, 1971R0O33, 1971TO06, 1971TO1C). Information on the character of the radiative
decay is shown in Table 20.17.

No resonances have been observed below £, = 1 MeV: for £, < 0.85MeV, (2J+1)I',I", /T <
0.044 eV, and (2J + 1)FQFW1/F < 0.031 eV; for Es < 1.00 MeV, wy < 0.036 eV and wy; <
0.024 eV (1971TO06, 1971TO1C). The astrophysical implications of this reaction are discussed
in (1970TO1F, 1971TO06, 1971TO1C). See also (1957BU66) and (1965ME10, 1967WI1B).

The J™ = 5~ states at F, = 8.45MeV [E, = 4.65 MeV] decays by an E2 transition [|M|* =
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Table 20.19: Resonances in 1°0(a, 7)?°Ne ?

Eq Lem. wy® E; Jo T Refs.
(MeV =+ keV) (keV) V) (MeV)
1.116 + 4 2.6 x 106D (1.7+£0.3) x 1073 5.623 37;0 | (1965VA14, 1971TO06, 1971TOIC)
1.319 £3 >1.3x1072P (14 +£3) x 1073 5.785 1750 (1965VA14, 1971TO06, 1971TO1C)
2.490 £ 8 154+ 7P (38 £10) x 1073 6.722 0t; 0 (1965VA14, 1971TO06, 1971TO1C)
3.09 7.20 070 (1969GRO03)
4.647+ 3 8.447 5730 (1971R0O33)
5.06 <3 1.354+0.15 8.775 + 0.0032 67;0 (19671107, 1971DI08, 1971R0O13)
5.374+9 <3 3.4+04 9.028 47,0 (1964PEQ05)
5.94 + 30 29 £ 15 1.3+ 0.5 9.48 27;0 (1964PEO05)
6.61 + 30 155+ 30 8+3 10.02 (47); 0 (1964PEO05)
6.930 + 10 <2 28+ 3 10.272 271 (1964PEQ5)
7.94 £ 20 <3 46 £ 5 11.08 4r;n (1964PEQ05)
8.17 £ 30 <4 09+04 11.26 (17 or 27) | (1964PE05)
8.54 + 40 0.54+0.3 11.56 <4 (1964PE05)
¢ 0.104 £ 0.035 11.948 8;0 (1972AL05)
9.40 + 40 40 + 16 7T+3 12.25 <4 (1964PEQ05)

& See also Table 20.17.
P This is also T,
¢ E(*60) ~ 36.05 MeV.



26 &= 6 W.u.] to the 3~ state at £, = 5.62 MeV (1971R0O33). The J™ = 67 state at £, = 8.78
MeV [E, = 5.06 MeV] decays by an E2 transition [|[M|> = 20.4 & 2.4 W.u.] to the 47 state at
E, = 4.25MeV (1971DI08, 1971R0O13). The J™ = 87 state at F, = 11.95 MeV decays by an E2
transition to the £, = 8.78 MeV [J™ = 61] state which then decays via the 4™ and 2" members of
the ground state rotational band. The transition probability of the 8 — 6 transition is 7.5 & 2.5
W.u. which establishes 2’Ne*(11.95) as the 8+ member of the ground state band. The experimental
E2 transition probabilities in the ground state band deviate strongly from those predicted by the
pure rotational model but agree reasonably well with simple shell model predictions (1972AL05).
The lifetime of 2°Ne*(1.63), 7y, is 0.84 4= 0.20 psec (1969GR03): see also Table 20.18.

9. (a) 150(a, @)'%0 Ey, = 4.730
(b) 150(a, 2a)'2C Qm = —7.162
(c) 0(cv, ®Be)'*C Qm = —7.254

Excitation functions have been measured over a wide energy range for elastically scattered
a-particles and ~-rays from the decay of '°0*(6.13, 6.92, 7.12): see Table 20.20. See also
(1964BOIE, 1965CA02) and (1963DA1D). Angular distributions of various a-particle groups
are reported for £, = 5.0 to 104 MeV: see Table 16.27 in (1971AJ02).

A number of anomalies are observed in the elastic scattering. Phase shift analyses lead to
the results shown in Table 20.21 (1953CA44, 1960MC09, 1964PE05, 1965MC02, 1967HU06,
1967ME10, 1969J018, 1971BE17, 1972HA07, 1971TA05). At higher energies, a prominent
2 MeV wide resonance is observed corresponding to 2°Ne*(28.) with J™ = 8T (1969CO19,
1970CO13). In the range £, = 37 to 51 MeV, the cross section for elastic scattering appears
to decrease monotonically (1965VA11). Identifying various of the observed states as members
of different rotational bands is discussed by (1967HU06, 1972HAQ07): see also Table 20.15. The
J™ = 67, 8" and 7T states at £, = 8.78, 11.95 and 13.33 MeV are probable members of the
lowest rotational bands with K™ = 0" and K™ = 2. The known reduced widths in both bands are
small, indicating that the bands should be describable in terms of the spherical shell model. The
reduced widths within each band are found to decrease sharply with increasing spin (1972HAO07).
See also (1963NO1C, 1968CE1B, 1969AG06) and (1968SH1G, 1969P102, 1971MCO03; theor.).

Reaction (b) can be described in terms of both sequential and one-step knockout processes.
A state at F, ~ 24 MeV in *’Ne may be involved (1968PA12). Reaction (c) to *>C*(0, 4.4) has
been studied for £, = 35.5 to 41.9 MeV. The results are qualitatively consistent with the statistical
theory of compound nuclear reactions, with an average width of 1.1 MeV for the compound states
(1965BR13). See also (1971GO1U). For spallation reactions see (1968JA1J, 1969JU03).

10. °O(c, n)'’Ne Qm = —12.135 By, = 4.730

See (1962GO1J, 1963GO1J, 1965TS1A) and °Ne.
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Table 20.20: Summary of O(a, )'®O and %O(a, ®Be)'?C excitation
function measurements

E, (MeV) Detected Refs.
0.9—-4.0 Qo (1953CA44)
3.7—6.5 Qo (1960MC09)
5.0—11.0 Qo (1972HA07)
5.8 —10 Qo (1967HU06) *
7.2 -84 Qo (1965MC02)
8.9—-9.9 Y6.13 (1964PE05)
10.0 = 19.0 | ao, 76.13> V6.9247.12 | (1967TMEI10) *
13.0—174 8Be (1971GO1U)
13.5—30.5 Qo (1963LU08)
14.5 — 22.7 Qo (1962J014)
18.9 — 30.0 o, 0142 (1971BE17)
20 — 24 Qo (1968CE1B, 1969AG06, 1969FE10)
20 —24.5 Qo (1971TAO05)
25— 32 Qo (1969CO19, 1970CO13)
35.5 —41.9 8Be (1965BR13)
37— 51 Qo (1965VAI11)

a See also (JO68C, 1968ME1H).

11. 160(c, p)'°F Qm = —8.115 By, = 4.730

See (1961YA02).

12. 150(v, pn)*®F Qm = —18.546 By, = 4.730

See (1961FUO1).

13. 1O(°Li, d)*°Ne Qm = 3.257
Deuteron groups have been observed to all 2°Ne states below 7.2 MeV (1968HE08, 1968RO1K,
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Table 20.21: Resonances in '0(a, «)'%0 &

1%

E, Ceom. Outgoing 62 (%) E, J7 Refs.
(MeV + keV) (keV) particles (MeV)
2.490 + 10 19 Qg 22 6.721 0t (1953CA44)
3.045 £ 10 8 Qg 36 7.165 3~ (1953CA44)
3.090 + 10 4 Qg 1.1 7.201 0t (1953CA44)
3.380 £ 10 8 Qg 4.7 7.433 2+ (1953CA44)
3.885 4+ 10 2 Qg 0.6 7.837 2 (1953CA44)
~ 4.9 > 800 Qg ~ 70 ~ 8.6 0" (1960MC09)
5.002 2.5 Qg 0.23 8.730 1~ (1960MC09)
5.058 + 3 (110 £ 25) x 1073 Qg 8.5+1.5 8.775 6T (1972HA07)
~ 5.1 > 800 Qg ~ 95 ~ 8.8 2 (1960MC09)
5.11 <1 Qg 8.82 (57) | (1960MC09)
5.152 £ 5 19 Qg 1.1 8.850 1~ (1960MC09, 1969J018)
5.395 + 5 3 Qg 3.9 9.044 4+ (1960MC09, 1969J018)
5.486 £ 5 3.2 Qg 0.49 9.117 3~ (1960MC09, 1969J018)
5.955 £+ 10 24 Qg 1.4 9.492 2+ (1960MC09, 1967THU06, 1969J0O18)
6.569 + 10 97 Qg 17 9.983 4+ (1967HU06, 1969J018)
6.912 £ 5 141 Qg 66 10.257 5~ (1967HUO06, 1969J0O18)
7.092 +5 81 Qg 4.8 10.401 3~ (1967HU06, 1969J018)
7.276 £ 5 16 Qg 1.8 10.548 4+ (1969J0O18)
7.314 £ 10 24 Qg 0.85 10.579 2t (1965MC02, 1967THU06, 1969J018)
7.580 £+ 100 349 Qg 33 10.79 4+ (1967HU06, 1969J0O18)
7.635+5 13 Qg 0.42 10.836 2t (1965MC02, 1967THU06, 1969J018)
7.636 45 Qg 2.1 10.836 3~ (1969J018)
(7.75) 80 Qg (10.93) (1967HU06)
7.80 + 150 576 Qg 14 10.97 0" (1969J018)
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Table 20.21: Resonances in '0(ca, )0 # (continued)

E, Tem Outgoing 62 (%) Ey J7 Refs.
(MeV + keV) (keV) particles (MeV)
7.860 + 10 24 a0 2.0 11.015 4t | (1965MC02, 1967HU06, 1969J018)
8.132 + 30 172 o 4.2 11.233 1= | (1969J018)
8.246 + 10 53 o 1.5 11.324 2t | (1965MC02, 1967HU06, 1969J018)
(~ 8.6) ~ 500 o (~ 11.6) (2+) | (1967HU06)
8.930 =+ 20 46 a0 1.1 11.871 2t | (1969J018)
8.997 +5 0.44 +0.15 ao, Y¥6.13 0.04 +0.01 11.925 4% | (1972HA07)
9.026 £ 5 (35 +£10) x 1073 o 1.0+0.3 11.948 8+t | (1972HA07)
9.033 £ 10 24 o 1.4 11.953 1= | (1969J018)
9.055 £ 8 29+ 8 o 11.971 1= | (1967HU06, 1972HA07)
(9.25 & 40) P a (12.13) (1964PE05)
9.365 £ 20 142 o 6.6 12.219 4t | (1964PE05, 1967THU06, 1969J018)
9.530 £ 100 a0 12.35 2t | (1969J018)
9.550 4 10 b© 46 + 16 o 1.2 12.367 3= | (1964PE03, 1969J018)
9.605 £+ 5 <8 g <0.15 12.411 0t | (1969J018)
9.790 + 10 101 a0 23 12.559 61 | (1967HU06, 1969J018)
9.860 £ 100 o 12.61 (1969J018)
9.944 + 15 97 a0 7.3 12.682 5= | (1969J018)
10.050 4 100 4 100 o 12.77 4t | (1967ME10, 1969J018)
10.14 £+ 70 55 a0, Y6.13 12.84 (1967ME10)
10.32 + 75 60 ao, ¥6.13 12.98 (47) | (1967MEI10)
10.43 + 90 70 a0, Y6.13 13.07 (47) | (1967ME10)
10.57 £ 75 60 a0, Y6.13 13.18 (47) | (1967ME10)
10.759 & 6 (80 +30) x 1073 o 13.333 7= | (1972HA07)
10.770 © 20 o, Y6.13 13.342 41t | (1967ME10, 1972HA07)
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Table 20.21: Resonances in '0(ca, )0 # (continued)

E, Ceom. Outgoing 62 (%) E, J7 Refs.
(MeV + keV) (keV) particles (MeV)
10.83 £ 50 40 Y6.13 13.39 (1967TME10)
10.87 4+ 140 110 aQ, Y6.13 13.42 (4%) | (1967ME10)
11.20 £ 400 320 a0, 76.13 13.7 (3,7)” | (1967TME10)
11.51 & 125 400 QaQ, Y6.13 13.93 (6%) | (1967ME10)
11.77 Qs V6.94+7.1 14.14 (1967ME10)
11.97 4+ 300 240 a0, Y6.13> V6.947.1 14.3 6T (1967ME10)
(12.06) Q0> Y6.947.1 (14.37) (1967ME10)
12.31 £ 300 240 a0, 76.9+7.1 14.6 (4™) (1967ME10)
12.66 4+ 150 120 Q0, Y6.13> V6.947.1 14.85 (1967ME10)
12.86 & 150 120 Q0, ¥6.13» V6.947.1 15.01 (1967ME10)
13.165 £ 150 120 aQ, Y6.13 15.26 (1967ME10)
13.22 Qg 15.30 (1967ME10)
13.37 & 470 380 Q0, Y6.13> V6.947.1 15.4 7 (1967ME10)
13.58 Q0, Y6.13> V6.947.1 15.59 (1967ME10)
13.73 Q05 V6.13> Y6.947.1 15.71 (1967ME10)
14.05 Q0, Y6.13> V6.947.1 15.96 (1967ME10)
14.26 Y6.13 V6.947.1 16.13 (1967ME10)
14.40 Y6.13 16.24 (1967ME10)
14.53 Q05 Y6.13> V6.947.1 (16.35) (1967ME10)
14.69 Q0> Y6.947.1 16.48 (1967ME10)
14.782 Q05 V6.13> Y6.947.1 16.58 (1967ME10)
(14.91) Qg (16.65) (17) | (1967TME10)
15.18 4400 320 a0, Y6.9+7.1 16.9 6T (1967ME10)
15.673 + 340 270 Q05 V6.13> Y6.947.1 17.3 2t | (1967ME10)
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Table 20.21: Resonances in '0(ca, )0 # (continued)

E, Tem Outgoing 62 (%) Ey J7 Refs.
(MeV + keV) (keV) particles (MeV)
16.01 =+ 230 180 Q05 V6.13> Y6.947.1 17.3 (1967ME10)
16.30 4= 230 180 Q0, Y6.13> Y6.94+7.1 17.76 (1967ME10)
(16.3) Qg (17.95) (1967ME10)
16.70 £ 180 140 aQ, Y6.13 18.08 6T (1967ME10)
16.98 + 300 240 Q05 V6.13> Y6.947.1 18.31 67) | (1967MEI10)
17.45 600 QgQ, Y6.13 18.7 6%) | (1967MEI10)
18.05 £ 250 200 a0, Y6.9+7.1 19.16 6%) | (1967MEI10)
18.35 4+ 350 280 Qg 19.40 6T (1967TME10)
18.90 £ 350 280 Qg 19.84 6T (1967ME10)
19.30 4+ 120 250 Qg 20.16 7" (1971BE17)
19.6 4+ 180 360 Qg 20.4 6T (1971BE17)
19.6 + 100 200 Qg 20.4 7" (1971BE17)
19.95 £+ 60 120 o) 20.68 9~ (1971BE17)

20.18 Qg 20.9 (1971BE17)

20.4 £+ 100 200 Qg 21.0 7" (1971BE17)
20.45 + 40 80 Qg 21.08 9~ (1971BE17)

20.70 300 Qg 21.3 7" (1962J0O14, 1971BE17, 1971TA05)
21.3 + 200 300 Qg 21.8 7 (1971BE17, 1971TAO05)
22.0 + 200 500 Qg 22.3 7" (1971BE17, 1971TA0S)
22.5 + 250 500 Qg 22.7 9~ (1971BE17)

22.65 + 125 250 ag 22.84 9~ | (1971BE17)
23.3 + 250 500 Qg 234 8t (1971BE17, 1971TA0S5)
24.24 + 150 350 Qg 24.11 8t (1971BE17, 1971TA05)
25.4 £+ 300 600 Qg 25.0 8t (1971BE17)
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Table 20.21: Resonances in '0(ca, )0 # (continued)

E, Ceom. Outgoing 62 (%) E, J7 Refs.
(MeV + keV) (keV) particles (MeV)
26.2 + 200 400 Qg 25.7 (1971BE17)
28.1 + 350 700 Qg 27.2 (1971BE17)
29. 1600 Qg 28. 8+ (1969CO19, 1970C0O13)
29.4 + 350 700 Qg 28.2 (1971BE17)

& See also (1959AJ76).

b 20Ne*(12.11, 12.37) decays by ay to 160%(6.13) with wFaF;/F = 100 £ 50 eV and wI‘aF;/I‘ = 3 £ 1 keV, respectively (1964PE0S).
cwy S1and < 4eV to 2°Ne*(0, 1.63), respectively; wFaF;/F = 3+ 1keV (1964PE05).

4 Values quoted are taken preferentially from the elastic scattering results (1967ME10).

©02 =0.7+0.2,07 =6 £ 3 % (1972HA07).




1969GO18). (1969BE1X) report the strong excitation of 20Ne*(8.78, 10.30, 12.64, 13.96, 14.35,
15.34) while 2°Ne*(11.95), the 8 member of the ground state rotational band is comparitively
weakly populated. Angular distributions have been measured at £(°Li) = 5.50, 5.70 and 6.22
MeV (1968GR22; oy, ay—the latter is isotropic), 20.0 MeV (1968HEOQS: all states below F, = 7
MeV), 25.8 MeV (1969GO18, 19700G1A: E, =0, 1.6, 4.3,5.8,7.2, 8.8, 10.3, 12.7, 15.6). The
reaction proceeds to a large extent by compound nucleus formation. Even at E(°Li) = 34 MeV, a
large compound nuclear contribution is reported (1971HA1D). This is consistent also with d; —
angular correlation work at £(°Li) = 15 MeV (1971BA24).

The lifetime of 2°Ne*(1.63), 71, is 1.27 & 0.24 psec, as determined in this reaction and in reac-
tion 14 (1969THO1). See also (19680G1A) and (1965ZE1B, 1969CH1K, 1969CH1Q, 1969JA08,
1969SM1A, 1970DO07; theor.).

14. 160("L4i, t)>°Ne Qu = 2.264

At E("Li) = 16 MeV, this reaction excites only those rotational states which are allowed
by the selection rules in the SU3 scheme. The reaction appears to proceed mainly by a direct
stripping mechanism. Relative maximum cross sections for formation of 2°Ne*(0, 1.63, 4.25, 5.62,
5.79) are 100, 272, 171, 39, 82 while the unresolved *°Ne*(7.17, 7.20) states are formed with a
relative cross section of 486 (1968MI01). Angular distributions are also reported at £(“Li) = 15.0
MeV (1970MI1E, 1970NEI18; ty — to), 20.0 MeV (1970NE18; ty) and 30.3 MeV (1969GO18,
19700G1A: same states as in reaction 13). Angular correlation work [t; —v and t, — at E("Li) =
13, 14 MeV] shows some indication of competition between an «-particle transfer process and
either multistep or compound nuclear processes (1971BA24). See also (19680G1A, 1971HA1D)
and (1969DA 14, 1970D0O07, 1971 ARI1R; theor.).

15. 1°0(°Be, an)*’Ne Qm = 3.159

The lifetime of 2°Ne*(1.63), 7,,, is =~ 1 psec: see Table 20.18 (1969NI109).

16. (a) 1°0(*2C, 2a)*’Ne Qm = —2.544
(b) 1°0(*°0, 2C)*°Ne Qm = —2.432

See (1971BA33) and ?*Mg in (1973ENVA) for reaction (a). See (1971VA1H) for reaction (b).

17. 17T0(*He, a)'°0 Qm = 16.435 by, = 21.166
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Table 20.22: States of 2°Ne from '*O(*He, n)*°Ne #

E.,MeV tkeV) | L| JT | Ex(MeV £keV) | L | J"T
0 0 0t 11.27 £ 50
1.63 £ 160 2 2 11.59 440
4.22 £ 150 4 4+ 12.20 £ 30 2] 2%
4.96 £ 150 12.41 £ 30 0] 0
5.73 =120 12.83 30
6.72 + 100 13.10 =30 0| 0F
7.86 = 100 13.34 £ 30
8.79 £ 60 13.48 £ 30
9.05 £ 60 13.63 £ 30
9.98 & 50 13.88 =30
10.25 £ 50 21 275(1) 14.22 £ 30
10.88 £ 50 16.730 + 6P 0] 02

2 (1970GUO08). See also (1970TA08).
b T' < 20 keV. This state is reported by (1969AD02).

The ground state excitation function has been measured for F(*He) = 7.0 to 10.0 MeV: it
shows a resonance corresponding to 2°Ne*(28.). This resonance is also observed in the **O(a,
«) elastic scattering. It is interpreted in terms of a quasi-molecular a-particle cluster model
(1969C0O19). See also (1965WA1D).

18. 170(cr, n)*’Ne Qm = 0.588

Angular distributions have been measured at £, = 9.8 to 12.3 MeV by (1967HA14; n;, ny,
ny5). See (1970CL1C) for astrophysical implications.

19. ¥O(®*He, n)*’Ne Qm = 13.119

Neutron groups have been observed to a number of 2°Ne states: see Table 20.22 (1969AD02,
1970GUO08). In particular the first 77 = 1 state in 2°Ne is reported at E, = 10.25 4 0.05 MeV
(J™ = 27) (1970GU08) and the first 7" = 2 state is found at I/, = 16.730 4= 0.006 MeV (J™ = 0T)
(1969ADO02). See also (1969BA17).
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Table 20.23: Resonances in "F(p, 7)*’Ne 2

E, Tab Ty, r, 20Nex* Refs.
(keV) (keV) (eV) (eV) (MeV)
340 <0.07 ] 0.28+£0.06 | 13.167 | (1962KE03)
484 ~ 0.05 0.42 13.304 | (1963BE19)
597 <06 12 13.411 | (1963BE19)
668 75 | 1.0x 1072 22¢ 13.479 | (19545107, 1955FA1A, 1959KU79, 1960KA18 f, 1961ETO1, 1961GO21)
874 13.674 | (1955FA1A)
935 13.732 | (1955FA1A)
980 13.775 | (1955FA1A)
1091 ~ 1 13.881 | (19545107, 1955FA1A, 1961ET01, 1961GO21)
1280 14.060 | (1955FA1A)
1320 P 4.0 14.098 | (1954S107, 1955FA1A)
1350 14.126 | (1955FA1A)
1370 14.145 | (1955FA1A)
1420 15.7 14.198 | (19545107, 1955FA1A, 1961ET01)
4090 £5°¢ I, ~5eV 16.728 | (1967KU06)
5878 £54 | 11+£3 | I, ~ 0.3 eV 18.426 | (1968LA1H)

& See also Table 20.17.
b See also (1961ETO1).
cJT =0T = 2.
dJgr=2%,T=2.

° T, to 20Ne*(4.97) = 0.12 eV (1961GO21), 0.24 eV (1960KA18).

f Assignment to this reaction probable but not certain.




Angular distributions have been measured at £(*He) = 2.80 to 4.64 MeV (1971DI12), 3.1
MeV (1970GU08), 4 MeV (1970TA08) and 5.70 and 7.33 MeV (1969AD02). See also (1964DI1C,
1967ADO01, 1967BE1W) and (1969TO1E; theor.).

20. 1F(p, v)*Ne Qum = 12.845

Over the range £, = 2.9 to 12.8 MeV, the 7, and ~; yields are dominated by the E1 giant
resonance (I' ~ 6 MeV) with the v, giant resonance displaced upward in energy. Strong, well
correlated structure is observed with a characteristic I' ~ 175 keV. Angular distributions taken
over the energy range do not vary greatly with energy. They are incompatible with v, and v,
coming from the same levels in 2°Ne (1967SE02). See also (1959GE34, 1960BR35, 1964TA05,
1965TAI1E, 1966ME1H, 1966PA1K).

The yield curve for 11.2 MeV ~-rays [from the decay of 2°Ne*(11.23), J™ = 17; T = 1, to the
ground state] displays a resonance at E, = 4.090 £ 0.005 MeV [*Ne*(16.73)]. The 11.2 MeV ~-
rays are isotropic which is consistent with the presumed 0" character of this lowest 7" = 2 state in
2Ne: I',I", /T =~ 0.5 eV. Since I',, /T (from the elastic scattering) is ~ 0.1, ', ~ 5 eV (1967KU06).
For £/, = 5.65 to 6.21 MeV, the 7y, 71, 2, 73, 74 and 5 yields are not resonant but the yield of
10.6 MeV ~-rays is resonant at 5.878 4= 0.005 MeV [[',, = 11 = 3 keV; I',I', /" = 0.055 eV;
I', ~ 0.3 eV]. The 10.6 MeV ~-ray is due to the cascade decay of *°Ne*(18.43), J™ =27, T = 2,
via 2°Ne*(12.25), to the 2% state at 1.63 MeV (1968LA1H). See also (1968HA1T, 1968HA1U,
1969HAT1Y).

These and other resonances observed at lower energies are displayed in Table 20.23 (1954S107,
1955FA1A, 1960KA18, 1961ET01, 1961GO21, 1962KE03, 1963BE19). *’Ne*(13.48) (E, =
0.67 MeV) decays predominantly to 2°Ne*(1.63). [See Table 20.17 for branching ratios.] The
radiation is M1 and the angular distribution of the 11.9 MeV ~-rays is approx. isotropic: J™ = 1%
(1955FA1A, 1960KA18, 1961G0O21). 2°Ne*(13.88) [£, = 1.09 MeV] decays predominantly
to 2°Ne*(4.97) (1961GO21). See also (1959AJ76) and (1969HO1W; theor.). For astrophysical
considerations see (1969BA71).

21. (a) “F(p, p)'F FEy = 12.845
(b) 19F(p’ p/)19F>1<

The elastic scattering has been studied in the range £, = 500 to 2000 keV by (1954DE1A,
1954PE1A, 1955BA1C, 1955WE44, 1956DE33, 1963BE19). Parameters for the observed res-
onances are exhibited in Tables 20.24 and 20.25 taken mainly from (1955BA1C). Some unre-
solved structure is observed at £, = 900, 1092 and 1137 keV, in addition to a broad structure
near £, = 1700 keV (1955WE44). A sharp anomaly is observed in the elastic scattering at
E, = 4.096 & 0.003 MeV (1967BL19), 4.090 £ 0.005 MeV (1967KU06). It is an s-wave reso-
nance corresponding to the 07; 7' = 2 state at F, = 16.73 MeV (1967BL19, 1967KU06). There is
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Table 20.24: Levels of 2°Ne from “F(p, po)*’F (1955BA1C)

E, T l JT r,/T 62 (%) | PNe*
(keV) | (keV) (MeV)
340 2.9 0 1+ 0.016 38 | 13.167
483 ® 1+ 13.303
598 37 1 2- 0.0012 038 | 13.412
669 7.5 0 1+ 0.98 9.6 | 13.480
843 23 0| of 0.996 10.8 | 13.645
873 52 1 22 0.21 1.5 | 13.674
935 8.0 0 1+ 0.17 044 | 13.732
1346 45 1 2-a 0.067 0.07 | 14.123
1372 15 1 2- @ 0.17 0.52 | 14.147
1422 | 146 0 1+ 0.85 0.92 | 14.195
1694 © 14.453
1940 © 0) | (0, 1) 14.687
2030 © 14.772
40944 214+05| 0 |  0F | 0.062+0.004 16.732
5880° | 11+£3 | 2 | 2f ~ 0.2 18.427

# 17 not excluded by elastic scattering alone.

b (1963BE19).
© (1956DE33).

4 (1967BL19, 1967KU06); T = 2.

° (1968LA1H)

T = 2.
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Table 20.25: Resonance parameters in '°F + p ¢ (1955BA1C)

E, J 62 2 (%)

(keV) Po P1 P2 aq a2 s
340 1T 3.8 <15 18.8 1.0 7.2
598 2- 0.38 < 28 < 145 31 < 0.5 < 5.1
669 1T 9.6 0.6 <04 0.26 0.005 0.27
843 0t 10.8 ~0.14 | < 0.92
873 2- 1.5 < 0.07 2.7 1.05" 145" 34
935 1T 0.44 5.0 < 0.8 3.3 0.34 2.3

1260 3t

1346 2- 0.07" 0.92 0.24 0.36 021P° 2.1

1372 2- 0.52°P 1.93 0.56 1.7° 0.34P 0.86

1422 1T 0.92 0.56 | <0.11 total < 0.034

2 po, P1, P2 represent transitions to ?F(0), (0.1), (0.2). a1, e, a3 represent transitions to 60(6.1),
(6.9), (7.1).

b Assuming lowest possible values of /; see (1957MA1A).

¢ See also (1958IS11).

no indication of this resonance in the ps, p4 or p5 yields (1967KU06). The amplitude of the 7' = 1
or T" = 0 impurity in this state is =~ 1.5% (1967BL19). In the range F, = 5.65 to 6.21 MeV,
a single anomaly is seen in the elastic scattering at £, = 5.880 £ 0.005 MeV. The interference
patterns show that the scattering is d-wave, corresponding to the excitation of the J™ = 27, T = 2
state at Fy = 18.43 MeV (1968LA1H). The parameters of these two 7" = 2 states are shown in
Table 20.24. The elastic scattering has also been studied for £, = 4.2 to 7.5 MeV by (1967TH06),
and the polarization has been determined at £, = 10.2 MeV by (1961RO05). The total reaction
cross section is reported for £, = 24.6 to 46.0 MeV by (1969MCI1A).

Resonances for inelastic scattering involving *F*(0.11) (J™ = %_) and "YF*(0.197) (J™ = g+)
[p: and p,] are listed in Table 20.26 (1955BA94, 1963BE19). See also (1958RA15). In general
the resonances observed are identical with those reported from other °F 4 p reactions, although
the relative intensities differ greatly. The p, scattering has been measured at £, = 5.6 to 6.3
MeV (1967THO06). For a spallation study, see (1969EP1B). See also (1959TRI1A, 1969LEO0S),
(1969HA1Y, 1969MCIC, 1969TE1A), (1963MI1D, 1966AM1B, 1967AF01; theor.), (1959AJ76)
and *F.

22. ¥F(p, a)'®O Qm = 8.114 by, = 12.845
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Table 20.26: Resonances in 'YF(p, p')!F* (1955BA94)

E, J | T Ty, Ty, 62, 62, | Ein®Ne
(keV) (keV) eV) eV) (%) (%) (MeV)
340 1t 2.9 < 0.5 < 0.1 < 15 13.167
4835 | 1t 2.2 < 1.3 < 1.2 13.303
598° |2~ 37 < 100 < 60 < 28 < 145 13.412
669 1t 7.5 46 < 0.5 0.6 <04 13.480
720 ~ 30 < 10000 | < 10000 13.528
780 ~ 10 < 400 ~ 9000 13.585
831 8.3 <6 ~~ 2300 13.634
845 0t 23 ~ 50 < 10 ~ 0.14 < 0.92 13.647
873 2- 52 <2 570 < 0.07 2.7 13.674
900 4.8 < 30 ~ 2200 13.699
935 1t 8.0 3000 < 20 5.0 < 0.8 13.732
1092 <1.2 13.881
1137 3.7 < 40 ~ 2100 13.924
~ 1250 ~ 80 ~ 70000 | < 4000 14.03
1290 19 < 600 ~ 900 14.069
1346 2- 4.5 300 600 0.92 0.24 14.123
1372 2- 15 700 1400 1.93 0.56 14.147
1422 1714641 | 2200 <35 0.56 <0.11 14.195
1610 ~ 14.373
1660 14.421
1700 14.459
2 (1955BA1C).
b (1963BE19).
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Table 20.27: Resonances for ground-state a-particles (o) in *F(p, c)'®O

E, (keV) | T (keV) | 622 (%) JT 20Ne* (MeV)
400 ® 100 1- 13.224
400 P 100 0t 13.224

650 £20 P 200 1- 13.462
710 &P 35 0.6 (1) 13.519
733 66 1.0 2+ 13.541
778 ~ 10 0.02 2+ 13.583
843 23 0.16 2t e 13.645

~ 860 120 2.1 1- 13.66

~ 930 ~ 180 2.9 0t 13.73

~ 1080 ~ 200 3.4 1- 13.87

1115 50 0.55 2+ 13.903
1160 ~ 70 1.1 0t 13.946
1235 ¢ ~ 70 1.2 1~ 14.017

~ 1250 ® ~ 150 2.7 2+ 14.03
1358 »cd 54 0.49 2+ 14.134
1640 © <115 14.402
1709 4 140 0t 14.467
1853 od 132 1- 14.604
2110 @de 75 2+, 41 14.85
2310 @de 90 21 15.04

2550 °© 300 (17) 15.26
2590 od.h 300 (01 15.30
2680 <P 80 15.39
2730 © 60 15.44
2820 © 160 15.52
2940 P (15.64)
3120 " 170 (15.81)
3340 105 16.02
3680 (100) 16.34
3860 16.51
3980 135 16.62

60




Table 20.27: Resonances for ground-state a-particles (o) in Y2F(p, )0

(continued)

E, (keV) [ap (keV) 02 = (%) J" 2Ne* (MeV)
4090 ' 0T =2 16.73
4130 100 16.77
4360 100 16.98
4460 95 17.08
4690 65 17.30
4900 90 17.50
4990 40 17.58

5880 £ 5 f 11+3 20T =2 18.427

& (1958IS10, 19581S11).

b (1959BR67).

¢ (1958RA15).

4 (1957CL42).

° (1964BR12).

£ (1968LATH). & J = 0 from '2F(p, p)'F; possibly T = 1 (1955BA1C, 1955BA94).
h'See, however, (1964BR12).

1 (1967KU06). See blue Note in Erratum.

For E}, =~ 1 to 3 MeV, five a-particle groups are reported. All show resonance effects with
relative intensities varying greatly with bombarding energy. The long range group (ay) leaves
160 in the ground state (J™ = 0%); the next longest () results in the formation of the J™ = 07
nuclear pair-emitting state at 6.05 MeV, while the three remaining groups (o, as, a3) lead to y-ray
emitting states at 6.13 (J™ = 37), 6.92 (J™ = 2%) and 7.12 MeV (J™ = 17). At E, > 3 MeV,
excitation of higher 190 levels occurs: see 0. Resonances for o and «,; (Tables 20.27 and 20.28)
are generally identical and different from those for a4, as, a3 (Table 20.29). The resonances for
ag and «,; are required to have even .J, even 7 of odd J, odd 7 while the a, as, a3 resonances,
insofar as their assignments are known, are all odd-even or even-odd.

Recent studies of the o yield and of angular distributions have been carried out by (1959BR67:
E, = 0.40 to 0.72 MeV), (1964BR12: £, = 2.0 to 3.3 MeV), (1966MO25: £, = 2.24 to 3.35
MeV), (1963WA12: E|, = 3.3 to 12.2 MeV), (1965WAO08: £}, = 4.0 to 12.0 MeV), (1960BR35:
E, =4.21t088MeV), (1968LAIH: E, ~ 5.9 MeV), and (19590G15: £, = 12.9 to 14.1 MeV).
See also (1969LE08). Resonances observed in the lower energy range are displayed in Table 20.27
(1957CL42, 19581S10, 1958IS11, 1958RA15, 1959BR67, 1964BR12, 1968LA1H). Among these
is a resonance at £, = 5.880 & 0.005 MeV, I'j,;, = 11 + 3 keV which corresponds to the J™ = 27;
T = 2 state at £, = 18.43 MeV: the ; and a» channels also display it (1968LA1H). See also
(1968HAIT, 1969HA1Y, 1969MCIC). (1965WAO08) find that over the range £, = 4.0 to 12.0

61


https://nucldata.tunl.duke.edu/nucldata/Errata/Errata_1972.pdf

Table 20.28: Nuclear pair resonances (c,) in “*F(p, a,;)'°0

E, (keV) | [y (keV) | o€ (mb) | 02°(%) | J™ | 2Ne* (MeV)
710 35 ~ 0.2 2 1- 13.519
780 ~ 10 ~ 0.2 0.15 2+ 13.585
842 23 3.4 0.27 9+ d 13.644

1115 50 1.5 3.6 2+ 13.903
12362 |~ 70 3 1.0 1- 14.018
1367 &b 30 6.0 0.29 2+ 14.143
1630 ® 60 14.39
1720 95 ~ 18 14.48
1880 170 14.63
2170 95 14.91
2330 ~ 100 15.06
2600 100 15.31
2680 100 15.39
2820 125 15.52
3120 145 15.81
3340 100 16.02
(3500) (80) (16.17)
(3590) (115) (16.25)
3960 200 16.61
4360 95 16.98
4690 < 150 17.30
4900 115 17.50
4990 40 17.58
5170 220 17.75
& See (1950CHS53, 1951PHI1A, 1954DE36, 1958IS11).
b (1958RA15).

¢ (1958IS11): resonant cross sections derived from analysis: see also (1950CH53).
4 See footnote & in Table 20.27.
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MeV, direct interaction mechanisms are predominant although compound nuclear contributions
cannot be ignored at certain energies. The continuing structure in the « yield at the higher energies
has been interpreted by (1964TE1F) in terms of fluctuations with a coherence energy I' = 160 keV.
See also (1966MO25).

Resonances in the F(p, )0 yield have been investigated by (1950CH53, 1951PHIA,
1954DE36, 1958IS11, 1958RA15): see Table 20.28. Resonance locations and absolute reduced
widths appear to correspond closely to those for (p, ag), although some exceptions occur. In the
work of (1958RA15) only 6 of the 23 (p, ) resonances have no clear counterpart in o(p, ;). For
resonances at £, = 1.35, 1.72, 1.88 and 2.33 MeV, 0% = 62 within about 10%; at £, = 2.17
MeV, a large difference occurs, possibly to be ascribed to superposition of several resonances
(1958RA15). Below £, = 1.3 MeV, several fairly large differences occur (19581S11).

Recent yield measurements of a-groups to excited states of *°0 and of the de-excitation y-rays
are reported by (1965AS07: E, = 0.9 to 2.6 MeV; a1, as, a3), (19690S1B: £, = 1.9to 4.2 MeV;
oy for 6.13,6.92, 7.12, 8.87 ), (1963WA12: E, = 10 to 12 MeV; a2, aziq) and (1971GO1U:
E, = 210 6.2 MeV; o, ay, as, as, o). See also (1961AS02). Resonances are displayed in Ta-
ble 20.29 (1950AR1A, 1950BA1A, 1950CHI1A, 1952WI27, 1955BA9%4, 1955HU1A, 1955KI28,
1959BO14, 1959KU79, 1959LI51, 1960HU11, 1962KE03, 1962RY01, 1963BE19, 1964SEIA,
1965AS07, 1966MA60, 1967KU06). Anomalies are observed in the «y, oy, g, a3 and a4 yields
at £, = 4.09 and 5.88 MeV, corresponding to the 7' = 2 state at £y = 16.73 and 18.43 MeV. [P.
Gorodetzky, private communication.] See also (1967KU06).

A detailed discussion of the evidence leading to many of the J™ assignments shown in Table
20.29 is given in (1959AJ76).

The total cross section has been measured for £, = 5.1 to 6.5 MeV by (1960TE03). For spal-
lation measurements see (1963VA1C). See also (1959TR1A, 1960GO12, 1961ETO01, 1968K005,
1970WI113, 1971GU23) and (1963MI1D; theor.). For astrophysical considerations, see (1969BA71).
See also '°0 in (1971AJ02) and (1959AJ76).

23. ¥F(p, n)!"Ne Qm = —4.021 by, = 12.845

Yield measurements are reported for £, = 4.23 to 4.93 MeV (1959GI47; o), 4.23 to 6.01
MeV (1968RI08; ay), 4.4 to 6.1 MeV (1969BL02; v, 72), 4.9 to 11.0 MeV (1963JE04; o) and 6.2
to 6.9 MeV (1962FR09; ng, ny,9, n3, ny). See also (1965VA23, 1968LAT1H). Observed resonances
are displayed in Table 20.30 (1952W127, 1963JE04, 1968RI08). A narrow anomaly is reported in
the ny and n; yield at £, = 5.879 £ 0.004 MeV corresponding to a state at £y = 18.427 MeV
in 2°Ne, presumed to be the second 7' = 2 state in ?°Ne (1968AD1C). See also (1959AJ76) and
YNe.

24. YF(p, pn)'®F Qm = —10.431 by, = 12.845

See (1961GU1A, 1962GU10, 1963VAIC, 1965VA23).
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Table 20.29: Resonances for 6 — 7 MeV 7-rays (a1, as, a3) in PF(p, a)®O

E, Tlab T, | Ta, | Ta, JT 20N
(keV) (keV) €V) | V) | V) (MeV)
926.9 4 3.4 P 1.0 1000 | <25| <25 2- 13.060
340.46 £ 0.04%4 | 24402 | 2800 16 75 1+ 13.168
4838 +0.3° 09401 | 700 19 | 190 1+ 13.304
87211402078 | 47402 | 2200 | 620 | 180 2- 13.673
93544138 | 81405 | 2900 | 110 | 720 1+ 13.733
1347.74+1.0% | 49407 | 2250 | 650 | 1200 2- 14.124
1373.041.01 | 124+1.0 | 6650 | 700 | 300 2- 14.148
1694 + 1.7/ 3543 14.453
1949 + 2.5 40 + 10 14.695
2030 £3.09 | 120+ 20 14.772
2320 85 15.05
2510 30 15.23
2630 90 15.34
2800 60 15.50
3020 30 15.71
3190 80 15.87
3490 40 16.16
3920 30 16.57
4000 110 16.64
4090'! 0T =2| 1673
4290 50 16.92
4490 30 17.11
4570 30 17.18
4710 30 17.32
4780 35 17.38
4990 20 17.58
5070 35 17.66
5200 70 17.78
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& (1959KU79; assignment to this reaction probable but not certain). See also (1959AJ76).

b (1962KE03). I'y, < 100 eV.

©(1955BA9%4, 1959B0O14, 1964SE1A). See also (1959KU79, 1960HU11, 1962KE03) and (1959AJ76).
d (1950AR1A, 1950BAIA, 1950CHIA). Values listed for E, and I' are those recommended by
(1966MA60).

¢ (1959B0O14, 1959KU79, 1960HU11, 1963BE19). I',,, < 25 eV (1963BE19).

f Values listed for E, and I' are those recommended by (1966MAG60).  Other values are
Fres = 872.4 + 0.4 keV (1959BO14), 873.5 £+ 0.7 keV (1960HU11), 872.3 + 0.5 keV (1961BE13),
871.80 + 0.25 keV (1962RY01), 872.5 + 1.1 keV (1965AS07). See also Table 20.13 in (1959AJ76) for
earlier references.

& (1965AS07).

b Recently reported resonance energies are E, = 1344.5 £ 1.0 keV (1959LI51), 1347.7 £ 1.0 keV
(1960HU11), 1347.7 + 1.8 keV (1965AS07). See Table 20.13 in (1959AJ76) for earlier references.

! Recently reported resonance energies are £, = 1373.0 + 1.0 keV (1959LI51), 1373.7 &+ 1.2 keV
(1960HU11), 1374.5 + 1.8 keV (1965AS07). See Table 20.13 in (1959AJ76) for earlier references.

1 (1952W127, 1955HU1A).

K (1952WI27); these values should be reduced by about 0.2%: see (1955KI128).

I Resonance in a yield: see text (1967KU06).

25. ¥F(p, *Be)'2C Qm = 0.861 by, = 12.845

The excitation curves show strong resonant behavior (cross sections up to 1.5 mb/sr) for £, =
15.3 to 18.7 MeV, over which region 28 angular distributions have been measured. Twelve states
with J™ < 4T have been observed.

The strongly populated states are in better agreement with those reported in the (p, o) yield
to 60*(6.05) [J™ = 0] than those reported in the (p, o) yield (1969GO1B, 1971GO1U). It is
suggested that most of the observed states are of 8p-4h and 12p-8h configurations (1971GO1U).

26. 1F(d, n)>°Ne Qu = 10.621

Levels of °Ne derived from reported neutron groups are listed in Table 20.31 (1958M 002,
1963FE1B, 1964SA09, 1966RI05, 1968LLA03, 1969RI01); those derived from threshold measure-
ments are displayed in Table 20.32 (1960BU07). Gamma-ray measurements have been reported
by (1960KR02, 1960RA23, 1965PE0O1) and angular correlation measurements by (1964SA09,
1966RI05). For a survey of the earlier work see (1959AJ76).

Angular distributions have been measured at £4 = 0.5t0 0.7 MeV (1964SA09; n to 2°Ne*(10.31)),
1.0 MeV (1966RI05; n to 2°Ne*(10.31, 11.03)), 1.0 to 1.3 MeV (1962FI02; ny, n;), 1.0 to 2.5
MeV (1966WA17; ng, ny), 2.17 MeV (1958M0O02; ng — ny), 2.5 and 3.0 MeV (1963FE1B; ng,
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n; and n to 2°Ne*(5.80, 6.75, 8.76)), 2.51 to 3.31 MeV (1964S109; ny — ns, nyys, ng), 2.98 MeV
(1968LA03: see Table 20.31), 3.06 to 6.07 MeV (1967BA40; ng, ny), 3.57 MeV (1961BE10;
ny — N3, Ny 5, Ng) and 5.10 MeV (1969RI101: see Table 20.31). See (1959AJ76) for earlier refer-
ences. See also (1963FEO01, 1964AL14, 1964J004, 1965BA1K), (1966WEI1B) and (1966AR1D,
1966INO1, 1968WA1M, 1970BO1K; theor.).

Table 20.30: Resonances in 'YF(p, n)!°Ne

E, (MeV) Db (keV) | 2°Ne* (MeV)
(1968RI08) * | (1963JE04) > | (1952WI127)
4.30 45 16.93
4.46 80 17.08
4.52 20 17.14
4.61 60 17.22
4.72 25 17.33
4.75 45 17.36
4.87 17.47
4.95 4.96 20 17.55
5.03 5.03 17.62
5.11 5.11 17.70
5.23 17.81
5.26 5.26°¢ 17.84
5.37 5.37 17.94
(5.44) (18.01)
5.50 18.07
5.57 18.13
(5.62) (18.18)
(5.69) (18.25)
5.72 5.73 18.28
5.77 18.32
5.84 18.39
5.879 4 0.004 4 ~9d 18.427
5.90 18.45
6.00 6.03 18.54
6.15 18.68
6.35°¢ 18.87
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Table 20.30: Resonances in '?F(p, n)!?Ne (continued)

E, (MeV) [ (keV) | 2Ne* (MeV)
(1968RI08) * | (1963JE04) > | (1952W127)

6.53 19.04
6.81° 19.31
7.14 19.62
7.27 19.75
7.41 19.88
7.52 19.98
7.74 20.19
8.02 20.46
8.15 20.58
8.28 20.71
8.37 20.79
8.70 21.10
8.82 21.22
9.08 21.47
9.2 21.6
9.5 21.9
9.8 22.1

10.2 22.5

& 45 keV.

b 490 keV, except for the last four values.
¢ See also (1969BL02).

4 (1968ADI1C): T = 2.

¢ See also (1962FR09).

27. F(3He, d)*°Ne Qu = 7.351

At E(®He) = 9.5 to 10.0 MeV, angular distributions have been measured for the deuterons cor-
responding to 2°Ne*(0, 1.63, 4.25,4.97,5.62,5.79, 6.72,7.01, 7.17+7.20, 7.42). The distributions
to 2Ne*(0, 1.63, 5.79, 6.72, 7.42) have been fitted with [ = 0, 2, 1, 0 and 2, respectively. Spec-
troscopic factors were also obtained. The results are consistent with the description of the states
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in terms of rotational bands (1965S118). Angular distributions are also reported at £(*He) = 13.0

MeV (1963JA01; dy, dy).

Table 20.31: Neutron groups from YF(d, n)*’Ne ®

68

E, (MeV + keV) a JoT
(1958M002) b | (1963FE1B) | (1968LA03) (1969RI01)

0 c c 0+
1.74 + 30 2"
4.20 + 40
4.96 £+ 50
5.62 + 40
6.80 £ 10 ¢ ¢ 0F
7.16 £90
7.41 4+ 50
7.90 £ 40
(8.71 £ 10)
9.15+ 40 9.17+ 30

9.37 £ 20
(9.50 % 40) 9.50 £ 20
9.60 £ 20
9.92 + 30
10.01 + 30 10.00 £ 30 ¢
10.30 £ 30 ¢ dsi b
10.59 ¢
11.00£20 | 10.853 £107 | 10.879 £ 40 T=1"%
11.03£801
11.324+20 | 11.233+10 11.26 + 40 175 (1) of
11.66 £30 | 11.549 =10 11.568 £ 35 T=0nf
11.915 £ 30
12.086 £+ 10 (T =1nt
12.150 £ 10 12.179 £ 25 (T =0"
12.200 %+ 10 (T=n'
12.245 £ 10 T=1"%
12.379 £ 10 12.397 £+ 20 T=0°F




Table 20.31: Neutron groups from PF(d, n)*’Ne # (continued)

By (MeV £ keV) l,* JT T
(1958M002) | (1963FE1B) | (1968LA03) (1969RI01)
13.086 = 15
13.170 £ 15 0 175 (1)
13.481 £ 15 0 1t51e
13.650 = 15 0 0F); 1°
13.882 £ 15

& See also Table 20.16 in (1959AJ76).

b Evidence for some other states is also reported.

¢ Observed but no parameters reported.

4 B, =10.3140.07 MeV (1964SA09), E, = 10.33 £ 0.05 MeV (1966RI05).
¢ (1969RI01).

f(1968LA03).

& Weak group.

h See (1964SA09, 1966RI05).

! This state decays to 2°Ne*(1.63) (1966RI05).

I Data of (1968LA03) are adjusted downward by 26 keV: see (1969RI01).

Gamma-ray measurements lead to Fy = 1635.3 £ 1.8, 4249 4 2.5, 4968 + 3, 5623 £+ 3 and
7174 £ 4 keV and to 7, = 15001500, 150 & 25 and 280075,0° fsec, respectively, for 2°Ne*(1.63,
4.25, 4.97) (1969AN08, 1969AN1J: see also Table 20.18). See also (1964HEI1D, 1966ARI1D,
1966INO01, 1970BO1K; theor.).

28. F(a, t)*°Ne Qm = —6.969

At E, = 28.5 MeV, angular distributions are reported for the tritons to 2°Ne*(0, 1.63, 4.25,
4.97, 5.62 + 5.79, 7.02 4+ 7.17 4+ 7.20). All are typical of stripping reactions except that for
20Ne*(4.97). The distributions have been analyzed by DWBA. 2°Ne*(6.72) is very weakly popu-
lated (1967HA?23). Angular distributions have also been reported at £, = 18.5 MeV (1963JA01;
to, t1) and 28.4 MeV (1965KA14; ty, ty, to, t3, t415). See also (1964EL1B; theor.).

29. F(57)*Ne Qm = 7.026

The decay is principally to 2°Ne*(1.63) with a half-life of 11.03 4 0.06 sec: see Table 20.5
for a listing of half-life measurements and Table 20.33 for the branching to various *’Ne states.
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Table 20.32: Levels of *°Ne from 'YF(d, n)*°Ne

thresholds (1960BU07)
Ethresh. (keV) 2ONe* & (MeV)
510 4 20 11.082
(600 + 20) (11.163)
760 + 20 11.308
(850 £ 20) (11.389)
1150 + 20 11.660
1350 £ 20 11.841
1700 £ 20 12.157
1790 £ 20 12.239
2060 = 20 12.483

& All these states are reported to decay principally to the ground
state except for 2°Ne*(11.11, 11.19, 12.27) which decay to
20Ne*(1.63). See, however, Table 20.15.

The 0.02% branching to 2°Ne*(4.97) [J™ = 27] is consistent with the assignment J™ = 27 to the
ground state of 2°F (1969GA05), as are measurements of the 3 — v circularly polarized correlation
(1961FR02, 1965MA28).

Ez-(max) = 5.419 £ 0.013 MeV (1954W023), 5.416 £ 0.015 MeV (1959AL06). The energy
of the subsequent vy-ray is 1634.8 + 0.6 keV (1967VAO08), 1632.6 + 0.8 keV (1966AL12). The -
ray from the (4.97 — 1.63) transition has £, = 3334.3 £ 0.7 keV. When recoil-corrected, AE =
3334.6 £ 0.7 keV, and using the E, for 2°Ne*(1.63) shown in Table 20.15, E, for 2°Ne*(4.97) =
4968.4+0.8 keV (1969GA0S). See also (1960SCO1, 19610K1A, 1968SPO1, 1971TO1K), (1959A176)
and (1967YA04, 1968KR 10, 1969BL1D, 1969SU12, 1970AN27, 1970MC23, 1970YAO1, 1971LI1H,
1971WI118, 1971 YAO04; theor.).

30. 2°Ne(~, n)'?Ne Q. = —16.866

A giant resonance is observed at £, = 21.5 MeV, I' = 6.6 MeV, o(max) = 7.3 mb (1954FE16).
See also (1962GOI1E).

31. 2Ne(~, pn)'*F Qum = —23.275

See (1959RE1A).
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Table 20.33: Branching in 2°F(37)*Ne

Decay to JT Branch (%) | log ft*® Refs.
20Ne* (MeV)

0 0F < 0.032 (1954W023)
1.63 2" 99.8 4.98
4.25 4t < 0.015 (1969GA05)
4.97 27 1 0.017£0.003 | 6.88 | (1969GAO0S)
5.62 3~ < 0.048 (1963GLO1)
5.79 1~ < 0.1 (1963GLO1)
6.72 0F < 0.67 (1963GLO1)
7.01 4~ < 0.2 (1963GLO1)

& T am grateful to B. Zimmerman for calculating these values.

32. 2Ne(v, p)“F Qum = —12.845

For cross section measurements see (1969HO16, 1963FI1B). See also (1962DO1A, 1963HAIE),
(1959AJ76, 1959HAI1C, 1961DO08, 1962GO1E) and (1965SH1D; theor.).

33. 2Ne(y, )90 Qu = —4.730

See (1959HA1C).

34. (a) *°Ne(e, ¢)*°Ne
(b) 2°Ne(e, ep)lgF Qm = —12.845

The ?°Ne charge radius, r,,s = 3.116 & 0.025 fm (using a Born approx.) (1971MO15).

At E, = 39 and 56 MeV, the 180° inelastic scattering is dominated by the transitiion to a
JT = 1%, T = 1state at £, = 11.22 4 0.05 MeV with I',, = 11.2%71 eV. A subsidiary peak
is observed corresponding to E, = 11.58 £+ 0.03 MeV [if J™ = 17 or 2+, I, = 0.65 & 0.18 or
0.40+0.13 eV]. A number of small peaks are also reported corresponding to F, ~ 12.0,12.9, 13.9,
15.8, 16.9, 18.0 and 19.0 MeV (1971BE18). See also (1963BA19, 1963G004) and (1971FO19,
1971HO20; theor.). A study of reaction (b) at £, = 30 MeV shows strong resonances (assuming
ground state transitions) at £, = 17.70, 18.87, 19.87 and 21.02 MeV [I" = 0.50, 0.58, 0.54 and
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0.49 MeV, respectively], as well as some weaker structures (1962DO1A). See also (1961DO08)
and (1970PA1H; theor.).

35. ?°Ne(n, n)*°Ne

See ?!Ne in (1973ENVA) and (1959CO82).

36. (a) 2’Ne(p, p)*°Ne
(b) *Ne(p, pa)O Qm = —4.730

Angular distributions have been measured at £}, = 2.15 and 2.72 MeV (1961S002; p;, 71),
3.65 to 4.35 MeV (1963HUID; pg, p1), 4.95 to 5.50 MeV (19590D08; pg, p1), 5.20 to 6.23
MeV (1962HU12; pg, p1), 6.86 to 7.15 MeV (1969MC14; py), 7.75 to 14.2 MeV (19600DO01;
Pos P1), 17.4 MeV (1962SC12; p1, p2, p3, and p to states with £, = 5.63 £ 0.07, 7.45 £ 0.08,
7.85 £ 0.08, 9.20 + 0.09, 10.0 £ 0.1 MeV), 18.03 MeV (1969LEI1P; py), 24.5 MeV (1969DEL15;
Po> P1, P2, P to 2°Ne*(8.78)) and 41.8 MeV (1970FA17; py). A large hexadecapole deformation,
B4, 1s needed to reproduce both the shapes and the intensities of the angular distributions to the
2+, 4% and 67 members of the ground state rotational band [*°Ne*(1.63, 4.25, 8.78)] (1969DE15).
Polarization measurements have been carried out at £}, = 3.8 to 5.1 MeV (1967BE25; py), 8.0
MeV (1961RO13; pg), 14.5 MeV (1966RO1R; pg) and 24.5 MeV (1970BA2F, 1971BAI1T; po, p1,

P2, p3)

37. ?°Ne(d, d)*’Ne

Angular distributions are reported at £2q = 10.95 MeV (1960TAO08; dy), 11.6 MeV (1965JA13;
do, di, ds, dgi5), 11.8 MeV (1966JA1J; dy, dy) and 52 MeV (1968HI09, 1968HI114; dy, d;, do, dyy s,
and d to 2°Ne*(7.2, 10.5)). The second excited state has F, = 4.250 £ 0.008 MeV (1960FR04).
See also (1960EL09, 1966WE04, 1968MEIE, 1971DU12; theor.).

38. 2ONe(t, t)*°Ne

The elastic scattering has been studied at £y = 1.80 and 2.00 MeV (1969HEOS).

39. 20Ne(®He, *He)*’Ne
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Angular distributions of elastically scattered *He particles have been measured at £(*He) = 10
and 15 MeV (1969BA62), 15 MeV (19692U02), 17.83 MeV (1971KE11), 28 MeV (1960CA1C)
and 35 MeV (1969AR08, 1969AR10). See also (1960CA10, 1962AG01). At E(*He) = 17.83
MeV, angular distributions of the *He’s corresponding to 2°Ne*(1.63, 4.25) [J™ = 2T and 47,
respectively] have been analyzed by a coupled channels calculation. For 2°Ne*(1.63), /3, is in the
range 0.42 to 0.48; for 2°Ne*(4.25), 3, < 0.05 (1971KEI11). See also (1964VEIA, 1968HO1C;
theor.).

40. (a) °Ne(a, a)*°Ne
(b) 2Ne(a, 12C)'2C O, = —4.618

Angular distributions have been measured at £, = 12.7 to 15.2 MeV (19671V02, 1970BU25,
19701V04; «g, a1, ao, s, agys), 16.8 MeV (1970FRI1F; «q, a1, as), 18.0 MeV (1958SESI,
1966LU02; «ap, aq ), 20.2 to 23.3 MeV (1970AGO08, 1970FE09, 1970PI1G; «q, «1), 20.5 to
23.2 MeV (1971TA20; «y), 20.9 to 24.0 MeV (1966SEI1G, 1967GHIA; ag, oy, as), 21.6 MeV
(1968TA1Q; ap), 22 MeV (1962E104; g, a1, ao, a3, ayys), 22.5 MeV (1970LA20; ag, ay),
27.3 MeV (1964K002, 1965K007, 1965KO1A, 1967KO1J; g, oy, aa. as, yrs), 31.8 MeV
(1959MCI1A; ag, a1, @), 33.0 MeV (1967REIB, 1968REIF; oy — a5 and « to 2°Ne*(7.17)),
44 MeV (1968FA1A; ayp), 50.9 MeV (1965SP02, 1965SP1E, 1967RE1B, 1968REIF; ayg, oy, as,
as, oy, as, a to 2°Ne*(7.17)), 80.8 MeV (1967RE1B, 1968REIF; oy, o, as, s, aiyys) and 104
MeV (1969HA 14, 1970SPO1, 1971REQ09; avy, a1, av2). At E,, = 104 MeV the quadrupole and hex-
adecapole deformation lengths have been determined (1969HA14, 1970SPO1, 1971REQ9). The
~-decay of several °Ne states is reported by (1962E104): see Table 20.17. See also (1963CRO]1,
1963MI1C, 1968SP04) and (1959BL31, 1961EI1A, 1962HU1A, 1964GR1L, 1964VE1A, 1965FA1D,
1965SA1G, 1967RAI1E, 1971G028, 19710B1A; theor.).

Reaction (b) has been studied for £, = 12 to 20 MeV (1963LA08). See also **Mg in
(1973ENVA).

41. *Ne(°0, 190)?°Ne

See (1961NE04).

42. *'Ne(32S, 32S)*Ne

The static quadrupole moment of 2°Ne*(1.63) has been determined to be Qy = +0.94 £ 0.38
b (1969SCO08).
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Table 20.34: Decay of 2’Na ®

Decay to 2’Ne* J" Branching ratio log ft

(MeV =+ keV) (%)

1.6332 +1 2" 90.0 493
497 27 b > 6.1
5.62 3~ b > 6.5
5.79 1~ b > 6.5

7.43 + 10 2" 8.1 448
7.84 4+ 30 2" 0.38 5.65
8.74 + 30 1~ 0.024 6.46
9.48 + 20 2+ 0.11 541
10.28 £ 10 20, T =1 1.38 3.794+0.05 ¢
10.86 + 20 2" 0.097 4.46
11.28 £40 2t 0.032 4.50

& (1967PO11, 1967SU0S). See also (1964MA44).

P Not observed. See discussion in (1967SU05).

¢ B. Zimmerman, private communication. Note: this footnote is not labeled in
the tablular.

4(1971GO18).

43. Na(3+)2°Ne Qum = 13.892

20Na decays to a number of states of 2’Ne: see Table 20.34 (1967PO11, 1967SU0S, 1964MA44).
The half-life of *°Na is 72 = 446 £ 3 msec [see *"Na]. The ratio of the mirror decays *’Na —
20Ne*(1.63) and F — 2°Ne*(1.63), (ft)*/(ft)~ = 1.054 4 0.023. If this number is di-
rectly interpreted in terms of second-class currents, the induced tensor coupling constant gip =
(1.540.6) x 1073 (1970WI105, 1971WI07).

The line shapes of the a-spectra from the decay of 2°Ne*(7.42, 10.26) are fitted by Gamow-
Teller and by Fermi decay theory. The former indicates some evidence for longitudinal nu-
clear alignment of S-recoils (1971MAQ09). See also (19700A01, 1971TO1K, 1971TO1L) and
(1971HOI1D, 1971LI1H; theor.).

44. *'Ne(p, d)*’Ne Qm = —4.536
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At E, = 20 MeV, the angular distribution of the deuterons to *’Ne*(1.63) [very strongly
populated] is characterized by [, = 2 while that of the d, group (to 2°Ne*(4.25)) is suggestive of a
weak [, = 2 component. All of the observed [,, = 1 pick up strength is associated with 2°Ne*(4.97)
(1970HOI1R). See also (1969HEIT).

45. 22Ne(p, t)*’Ne Qm = —8.644

Angular distributions have been reported at £}, = 26.9, 35.1 and 42.4 MeV (1971FA07; t, t;,
to, t3, t45, tg) and at 43.7 MeV (1964CE05). At the higher energy the distributions of the tritons to
the ground state of 2°Ne and to the first 07; 7" = 2 state [F, = 16.722 4+ 0.025 MeV (1969HA38)]
have been fitted by L = 0 and the tritons to 2°Ne*(18.5) by L = 2. The latter is the first 2*; 7" = 2
state (1964CE05). The 0F; T' = 2 state [*’Ne*(16.73)] decays by o [—6£5%], o1+ [35£12%],
as+ay [294+12%], po+p1+p2 [144+9%], and ps+ps+p5 [13+8%] [measured branching ratios in
percent are given in the brackets] to final states in **O and *°F (1970MC04). The ratios of the cross
section for formation of the analog states 2°Ne*(10.26)/2°F*(0) and 2°Ne*(12.2540.03)/2°F*(1.85)
are 2.00£0.20 and 1.40£0.15, respectively, at £, = 45 MeV (1969HA19). See also (19700L1B)
and (1969TO1E; theor.).

46. ?>Ne(c, “He)?°Ne Qm = —16.156

Angular distributions have been obtained at £, = 42 MeV for the transitions to 2°Ne*(0, 1.63,
4.25) (1970AR1H).

47. #*Na(p, @)*Ne Qm = 2.377
Qo = 2.373 4+ 0.008 (1967SP0Y).

Alpha-particle groups have been observed to the ground state and to 2°Ne states with £, =
1.634 + 0.004 MeV (1953D004), 1.635 =+ 0.006, 4.248 + 0.006, 4.969 £ 0.006 and 5.631 + 0.006
MeV (1957BU36). An attempt has been made to see if 2°Ne*(4.97) could consist of unresolved
states: the result was negative (1965ME10). Angular distributions have been measured at £, =
10.0 MeV (1963WA10; ag — a3) and at 45.5 MeV (1969KO009; ay).

The cross over transitions from 2°Ne*(4.25, 4.97) are < 9% and < 4%, respectively, of the cas-
cade transition via 2°Ne*(1.63) (1959KR66, 1960KR02): see Table 20.17. See also (1960RA23).
The lifetime, 7,,, of 2°Ne*(1.63) = 0.76 & 0.33 psec (1956DE22): see also Table 20.18. See also
(1959AJ76) and (1961 ADO1).

For papers dealing with resonances in the compound nucleus, see (1963FI09, 1963KU24,
1964N009, 1966VE09, 1967KU1L, 1968VA20, 1968VA21, 1969BR1M, 1970KR 1K, 1970LU17).
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48. »Na(®He, °Li)?*°Ne Qm = —1.642

At E(*He) = 40.7 MeV, the ground state angular distribution has been measured by (19690H1B).

49. *Mg(p, a)*'Na*(p)*°Ne Qm = —9.315
See (1970LI108).
50. 2*Mg(d, °Li)*°Ne Qm = —7.840

At By = 55 MeV, *Ne*(0, 1.63, 4.25) [J™ = 0*, 2T, and 4", respectively] and 2°Ne*(4.97,
5.62) [J™ = 2~ and 3, respectively] are strongly populated, while 2°Ne*(5.79) is weakly popu-
lated, as predicted by the SU3 model. The results are similar to those from *O("Li, t)2°Ne (reaction
14) (197 1MCO4).

51. Mg(d, "Li)*Ne Qm = —7.921

See (1971MC04).

52. Mg (p, /**Mg()*Ne Qum = —19.258
See (1967MC06).

20Na
(Figs. 11, 12 and 13)

Mass of *°Na: From the threshold energy of the 2°Ne(p, n)?°Na reaction, Fyjeqn, = 15.419 &
0.006 MeV, the atomic mass excess of 2°Na is 6.850 4 0.006 MeV (1971GO18, 1971WI07). See
also (1964GAI1C, 1966GA25, 1966KE16, 1969HA38).

1. 2°Na(3+)®Ne Qum = 13.892

76



Table 20.35: Energy levels of *’Na

E, MeV £ keV) | J; T T2 OF I'e . Decay | Reactions
0 2751 | 72 = 446 £ 3 msec 6~ 11,2,3,4
0.591 £ 12 2,3
0.768 & 8 2,3
(0.85 £ 50) 3
0.958 £ 8 2,3
(1.010 + 14) 2
1.310 + 10 2,3
1.92 + 40 3
2.89 £ 50 & 3
4.33 £ 100 & 3

2 Broad or unresolved.

Table 20.36: States of 2°Na from 2°Ne(p, n)*’Na and

20Ne(®He, t)>°Na

E, MeV £ keV)
20Ne(p, n)*°Na 20Ne(®He, t)>°Na
(1971MO34) (1965D0O04, 1965PE04)
0 0
0.591 £ 12 0.65+50%
0.768 &£ 8 0.75+50%
0.85£50¢%
0.958 &+ 8 0.95+50%
(1.010 £ 14)
1.310 £ 10 1.27 £ 50
1.92 £ 40
2.89 £ 50
4.33 £ 100

@ These states are not fully resolved.




20Na decays by positron emission to 2’Ne*(1.63) and to a number of excited states which decay
by a-emission to the ground state of °O: see Table 20.34 (1967PO11, 1967SU05). The half-life
of ?’Na s 71/, = 408 £6 msec (1967SU05), 448 +4 msec (19700A01), 442+ 5 msec (1971GO18,
1971WI07), 446 + 8 msec (1972MO08). See also (1959AJ76) and reaction 43 in *°Ne.

The character of the 3% decay, which takes place by allowed transitions to 27 states of 2°Ne,
sets .JJ™ = 27 for the ground state of ?°Na.

2. 2Ne(p, n)*’Na Qm = —14.674
Qo = —14.674 + 0.006 (1971GO18).

Observed neutron groups at £, = 22.9 MeV are displayed in Table 20.36 (1971MO34). See
also (19700A01, 1971BE46, 1971RU1F, 1971WI07).

3. ?*Ne(®*He, t)*°Na Qm = —13.910

Qo = —14.04 £ 0.08 (1965PE04);
Qo = —13.89 £ 0.06 (1965D004).

At E(®He) = 32 MeV, triton groups are observed to nine states of *’Na: see Table 20.36
(1965D004, 1965PE04).

4. 2*Mg(p, an)*’Na Qm = —23.989
See (1967PO11, 1967SU05).

20Mg
(Not illustrated)

20Mg has not been observed [see, however, (1964MA44)]. The mass excess of 2°Mg is cal-
culated to be 17.509 £ 0.002 MeV (using the senority scheme) and 17.510 £ 0.002 MeV (using
the supermultiplet scheme). Mg would then be stable with respect to breakup into '*Na + p by
2.75 MeV (1969HA38). See also (1962G031, 1964GAI1C, 1964GO1G, 1966GO1B, 1966GO1K,
1966KE16).

20 Al
(Not illustrated)

20 A has not been observed: see (1966KE16).
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