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Table 19.7: Radiative transitionsin 19F 2 (continued)

E; (MeV) Jr Ef (MeV) JF Branching ratio (%) é Refs.
4.00 - <5 (1974UN01)
4.03 2 100 Iy, =76+ 11 meV (1974UN01)
91414 Iy = 70 & 10 meV (1977F106)
465 i+ <7 (1974UN01)
9414 (1977F106)
859 3 0 it 5144 (1962NE03)
0.110 i 943 (1962NE03)
0.197 g+ 40+£3 (1962NE03)
8.80 ihr=3 0 it <10 (1965AL 20)
0.110 i 42+4 (1965A L 20)
0.197 5+ <5 (1965AL 20)
1.35 5= <5 (1965AL 20)
1.46 3 21+5 (1965AL 20)
155 3+ 1945 (1965AL20)
278 8t <1 (1965AL 20)
391 gt 18+ 2 (1965AL 20)
8.96 1 at 278 2t 5143 I, (total) = 230 = 30 meV (1977F106)
4.00 - 26+3 (1977F1086)
4,03 2 8+1 (1977F106)
4.65 i+ 1342 (1977F106)
5.43 - 3+1 (1977F106)
9.10 Ifir=3 0.110 i (<0.5) (1965AL 20)
0.197 g+ 1142 (1965AL 20)
1.35 5 441 (1965A L 20)
2.78 9t 64+4k (1965AL 20)
4.00 - 8+2 (1965AL 20)
5.43 - (8+2) (1965AL 20)
6.07 T (5+2) (1965AL20)
9.32 it 0 it 86 + 4 (1962NE03)
0.110 i 4+2 (1962NE03)
0.197 Bt 1042 (1962NE03)
9.87 a- 278 o+t 68 + 2 Iy, =0.58 £ 0.08 eV (1977F106)
4.00 - 641 (1977F106)
4,03 2- 24 42 (1977F106)
465 1+ 2.5+£0.6 (1977F106)
10136 3 0 it 84+3 (1962NE03)
0.110 i 442 (1962NE03)
0.197 g+ 1242 (1962NE03)
10.41 g+ ] (1976SY01, 1977SY 1A)
11.217 it 2.78 9t 2.4 (1977SY1A)
465 st (98) I, =11+01ev (1977SY1A)
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A = adopted.

a Seealso Table 19.9in (1972AJ02) and Tables 19.8, 19.10, 19.15 and 19.20 here.

b See also (1965AL 20).

€T, /T = 0.91 + 0.05 (1976RO07).

d See also (1972LE20).

eI, /T = 0.76 + 0.15 (1976R0O07).

f See also (1970A101).

g7, =4.7¢V, T, /T = 0.65 % 0.10; see Table 19.9 in (1972AJ02).

h See also (1974UNO1).

! Seealso (1971W012, 1972WO15).

i Strong decay to 19F*(4.65, 6.50) [J™ = 13, L™ respectively]. Weak decay to 19F*(2.78) [2 " 1; from (a, 7) measurement § = 0.08 + 0.08
if J=22,0472£0.06if J = .1 19F*(10.41), J = L, |M|?>(M1) = 0.010 = 0.003, 0.46 £ 0.10 and 0.18 = 0.03 W.u. for the transitions
to 19F*(2.78, 4.65, 6.50) and | M |2(E2) = 25 4 7 W.u. for transition to 19F*(4.65) (1976SY 01).

kT, =0.8440.19 eV. Total T'(9.10) = 1.31 = 0.31 eV.

I See also Table 19.8.

3.2 10 4.0 MeV; ay, a9, a3), by (1970CAL4; 4.4 to 14 MeV; «y), by (1972CR1B, 1974F0O1J
(prelim. results); 12 to 25 MeV; «y), by (1973TS02; 28 to 35 MeV; o to 1°N*(5.27, 5.30, 6.32,
8.57, 9.16, 9.83, 10.70, 12.56)). (1970CA14) report that the cross section for reactions (c), (d),
(e), () vary strongly over the range E("Li) = 4 to 14 MeV but with little, if any, cross correlation.
Strong fluctuations continue to E("Li) = 25 MeV (1974F01J) and there is some evidence of
structures at higher energies (1973TS02). For total reaction cross sections at several energies in the
range E("Li) = 4.5 to 13.0 MeV see (1972P007). See also 80 here, %0 and 70O in (1977AJ02)
and N in (1976AJ04).

3. 12C(°Be, d)!°F Qm = —0.3005

See (1975VE10).

4. 2C(1'B, )“F Qum = 7.7303

See (1976DA07, 1977H101) and (1978ENO6). See also (1973FO1A).

5. 13C(°Li, a)'°N Qm = 16.2748 B, = 18.6997

Excitation functions for o, have been measured for E(°Li) = 7.7 to 16.8 MeV: structures are
observed but they are not correlated (1974C0O13).
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Table 19.8: Resonances in *N(a, +)'9F 2

E, Cem. Wl JT E, Refs.
(MeV = keV) (keV) (eV) (MeV =+ keV)
0.85 (42.84+85) x 107" | (6.0+£1.0) x 1073 5 4.681+1 | (1972R0O01)
1.385 + 3 (13+£8) x1073¢ | 2P 5105+2 | (1970AI01, 1976RO07)
1.678 £ 3 1.64 +0.16 1) 5.337+£2 | A (1972R033)
1.790 0.42 4 0.09 - 5.427 (1970A101)
1.839 + 2 <1 2.540.4° ™ 5.465 A
1.883 +3 441 4241.1°¢ at 5.500 A
1.930 0.48 +0.11°¢ ot 5.54 (1970A101)
2.035+4 0.37 £ 0.09 8- 5.620 (1972R033)
2441+ 4 0.53 +0.13 i 5.9384+3 | (1972RO33)
2.608 & 2 2.70 + 0.54 ™ 6.070+1 | (1972RO33)
2.631+4 4.50 £ 0.90 8- 6.088+3 | (1972R0O33)
2.722 + 2 2.40 4 0.60 I 6.160+1 | (1972RO33)
2.873+3 1.0+0.2 at 6.2824+2 | (1970Al01, 1977DI08)
2.935+ 3 0.76 + 0.15 ™ 6.330+2 | (1970Al01, 1977DI08)
3.1468 £ 1.5 1.7+0.3 g+ 6.4976 + 1.5 | (1970A101, 1977D108)
3.1498 £ 1.5 2.3+04 e 6.5000 = 1.5 | (1977DI108)
3.183+2 24404 at 6.526 =2 | (1977D108)
3.218+2 0.63 +0.13 z 6.554+2 | (1977D108)
3.267 + 2 1.6 +0.3 g 6.592+2 | (1977D108)
3.511+3 109+1.5 3- 6.785+2 | (1977D108)
3.576 +3 1.0+0.2 s 6.836 =2 | (1977D108)
3.645+5 6.1+1.3 8- 6.891+4 | (1977D108)
3.688+3 9.7+1.4 z 6.925+2 | (1977D108)
3.993 + 2 1.00 £ 0.12 u- 7.1662 + 0.7 | (1973R0O09, 1974UNO1,
1977D108, 1977F106)
4.465 17.0+£2.7 SF.r=3| 7538+2 | A, (1976RO07)
4.618 3.74+0.9 3t.r=3| 7659+2 | A, (1976RO07)
4.96 + 3 2.3+ 0.4 e 7.929 A
497 +3 3.140.5 ut 7.937 A
5413+ 5 0.53 + 0.08 8- 8.288+2 | (1974UNO1, 1977FI106)
6.258 + 5 0.9140.17 e 8.957+2 | (1974UNO1, 1977FI106)
i 9.27 (1977SY1A)
u- 9.88 (1977F106)
7.75 <3 d (10.127 £ 2) | (1972W015)
8.105 <1 15.0 4 3.0 =N 10.411+3 | (1976SY01)
i 11.217 (1977SY1A)
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A: see references listed inn Table 19.7 of (1972AJ02).

@ See also Table 19.7 here.

T, =21+0.7meV, I, =40.7 £ 8.1 meV (1972R0O01).

¢ See Table 19.7 in (1972AJ02).

4 See (1972W0O15); see also for the possibility of a neighboring resonance.

6. ““N(°Li, p)'°F Om = 11.1491

Angular distributions have been reported at E(°Li) = 5.3 to 6.0 MeV for the proton group to
19E*(2.78) (1968RI13).

7. (a) “N("Li, d)*°F Qm = 6.123
(b) “N(°B, ap)'F Qum = 6.6886

See (1968M109) for reaction (a) and (1977HI01) for reaction (b).

8. N(o, 7)'F Qm = 4.0138

Resonances in the yield of ~-rays are observed below F, = 8.2 MeV: the parameters for
these are displayed in Table 19.8 (1970A101, 1972R0O01, 1972R033, 1972W015, 1973R009,
1974UNO01, 1976R0O07, 1976SY01, 1977DI108, 1977FI06, 1977SY1A). Branching ratios are
shown in Table 19.7 and lifetime measurements in Table 19.10. The J™ values shown in Ta-
ble 19.8 are based on correlation and angular distribution measurements and on branching ratio
determinations. The FE, of states involved in cascade decays are 4377 + 1 and 4548 + 2 keV
(1976R0O07), 3999.6 + 1.2 and 4031.9 + 0.4 keV (1973R0O09). The K™ = %_ band involves
YF*(0.110[1 1,146 [27],1.35[3 ], 4.00 [g_], 4.03[5 1 7.16 [4} 1) (1973RO09) and possibly
19F*(8.29) [(%f)] (1974UNO01) [J™ in brackets]. The situation concerning the other bands is not
as clear: see (1972AJ02) for a discussion of the evidence for other assignments of J™ and K™. It
is suggested that 12F*(10.41) is likely to be the second %* (2s, 1d)? state in °F (1976SY01). See
also (1971RO1C) and (1975SC1Y; astrophys. considerations).

9. (@) N(o, a)**N Ey, =4.0138
(b) *N(c, ®Be)!'B Qm = —11.0832

The elastic scattering has been studied for £, = 1.75 to 5.50 MeV (1959SM02, 1961SM02,
1972M042) and for 5.2 to 12.0 MeV (1973WE1P; abstract): see Table 19.9 for the observed
resonances. For reaction (b) see (1974JE1A).
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Table 19.9: Levels of °F from N(«, ag)**N @

E, (MeV £keV) | T, (keV) | J7 Ey (MeV)
1.878 £ 10 4 3t 5.496
2.614+ 10 15 ot 6.077
2.635 + 10 5 2 6.094
2.833 + 10 10 1 6.250
2.883 £ 10 3 g 6.289
2.944 + 10 3 ™ 6.338
3.060 £ 10" 360 7 | 6.429+£0.008
3.194 £ 10 5 i 6.535
3.229 + 10 2 ot 6.563
3.525 + 10 3 3- 6.796
3.587 £ 10 15 (3, 5H)* 6.845
3.648 + 10 35 5 6.893
3.705 £ 10 3 (2, 0~ 6.938
3.770 £ 10" 64 3~ | 6.989+0.008
3.930+10°" 40 " | 7.116 +0.008

4.127°¢ S8 7.271
4.23 <82 ™ 7.35
4.49 <110 ' 7.56
453 < 50 5t 7.59
4.710 < 40 - 7.731
4.780 S8 7.787
4.93 < 260 7.90
(5.005) (X 8) (7.964)
(5.018) (X 5) (7.974)
5.116 S8 8.052
5.203 S8 8.120
5.232 <6 8.143
5.25 < 65 8.16
5.284 <10 8.184
5.481 <10 9.340

& (1961SM02, 1959SM02, 1972M042).

b See also (1977D108).

¢ 1 am indebted to Prof. C. Rolfs for his comments on the resonances
above 4 MeV.
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Table 19.10: Lifetimes of some °F states @

YE* (MeV) T Refs.
0.110 0.853 £ 0.010 nsec | mean: see (1972AJ02)
0.197 129.9 + 2.3 nsec (1967BE14)

128 + 2 nsec (1968KL05)

128.8 + 1.5 nsec mean
1.35 5.2+ 0.9 psec (1968PA11)
4.7 £ 0.6 psec (1969J010)
5.3755 psec (1969P003)
3.5+ 1.3 psec (1976BH03)

4.8 £ 0.5 psec mean
1.46 62 + 20 fsec (1964B022)
57 + 24 fsec (1969P0O03)
100 =+ 20 fsec (1976BH03)

75 £+ 13 fsec mean

1.55 be 4.4755 fsec see (1969P003)

2.718 * 246 + 44 fsec (1968TO11)
270 + 40 fsec (1976BH03)

259 + 30 fsec mean
391°¢ 9+ 5 fsec (1977DI118)
4.00 ¢ < 40 fsec (1976BH03)
4.03 87 4+ 16 fsec (1973R0O09)
60 + 25 fsec (1974UNO01)
60 £+ 15 fsec (1976BH03)

71+ 10 fsec mean
4,384 < 11 fsec (1975LE16)
4,55 bed < 50 fsec (1976RO07)
4.56 bed 1730 fsec (1975LE16)
4.65 2.3 + 0.5 psec (1969BH01)
2.1 4+ 0.4 psec (1969JA09)

2.2 £0.3 psec mean
4.68 © 15.4 4+ 3.0 fsec 4 (1972R0O01)
5.114 < 30 fsec (1976R0O07)
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Table 19.10: Lifetimes of some '°F states ® (continued)

YE* (MeV) T Refs.
5.34 < 15 fsec (1969P003)
5.47 < 19 fsec (1969P003)
5.50 < 43 fsec (1969P003)
5.62 < 45 fsec (1975LE16)

A = adopted.

@ See also Table 19.10 in (1972AJ02).
b See also (1972LE20).
¢ See also (1976BHO03).
4 See also (1976R0O07).

10. BN("Li, t)9F Qum = 1.547

This reaction has been studied at £(“Li) = 15 and 20 MeV (1970MI1E; prelim. results) and
analyzed by (1974KUQ07, 1972KU13). See also (1971BA2V).

11. 5N(3C, °Be)'F Qum = —6.6341

At E(*3C) = 105 MeV, °F*(4.04, 8.27, 8.97, 12.26, 12.67) are strongly populated. °F*(2.80,

4.64) are also observed. It is suggested that '*F*(8.97, 12.26, 12.67) have J™ = 1, L1~ and 2,

respectively, with 1F*(12.26) belonging to the lowest K™ = { band (1976P116). See, however,
Table 19.6.

12. (a) 190(t, 7)'°F Qum = 11.7003 E, = 11.7003
(b) 160(t, n)'*F O = 1.2690
(c) 1°O(t, p)**0O Qm = 3.7069
(d) 10(t, 1)'°0
() 10(t, a)*N Qm = 7.6865
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Table 19.11: Resonances in 1°0(t, t) @

Een. (MeV) | E, (MeV +keV) | J™ | T, (KeV)
1.368 13.068 & 4 <10
1.545 13.245+10 | 5 7
1.570 13.270+10 | L7 4.5
1.832 13.532+10 | 17 22
2.018 13.718 £20 | 2~ 128
2.178° 13.878 15 | 1T 101
2.447 14.147+20 |47 21
2.555 14.255£15 | 2F 51
2.652 " 14.352+10 | 17 154
2.759 14.459 £25 | 2F 179
2.763 14463 +25 | 27 46

& (1973WEL11): resonance parameters used to fit elastic
scattering data.
b Also reported by (1968ET1A).

Resonances in the yield of o1, (reaction (a)) are reported at £y = 1.5 and 2.4 MeV with
' =0.10 and 0.12 MeV (1973SC1G; abstract). The excitation function for reaction (b) has been
measured for £, = 0.3 to 2.1 MeV (see (1972AJ02)), 1.1 to 1.7 MeV (1976 MA54; ny) and at
E; = 1.6 to 3.7 MeV (1977REQ1): there is evidence for a maximum at £, = 2.5 MeV. At
E, = 3.7 MeV the cross section is ~ 0.4 b (1977RE01).

Resonances in the yields of pg, p1, ag and a;,, are reported by (1967K0O11) corresponding to
states with F, = 12.42, 12.67, (12.75), 12.83, 12.91, 12.97, (13.06) and (13.14) MeV (+ = 25
keV) [not all resonances observed in every channel]. See also (1974KA1N). An analysis by
the Humblet-Rosenfeld theory of the elastic yield (reaction (d)) in the range F; = 1.4 to 3.7 MeV
suggests a large number of resonances: their parameters are displayed in Table 19.11 (1973WE11).
See also (1972AJ02), (1976LE19; theor.), (1973BA1R, 1977RE01; applied), **O and '8F here, and
5N in (1976A104).

13. 10(a, p)°F Qum = —8.1137

Angular distributions have been measured at £, = 20.1 MeV (1975PO1F; py — ps), 26.7 and
33.1 MeV (1961YAO02; po_2, P3—5) and at 40 MeV (1976VA26): see Table 19.12. At £, = 40
MeV YF*(9.872) is strongly excited: it is suggested that it is a %_ state and that the %_ cluster
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Table 19.12: States of '°F from O(«, p)*°F @

E." Jr e Shel © E." JTC ] Sper ©
(MeV = keV) (MeV =+ keV)
0d i 138 | 828079 | (&)
0.199 £2¢ o 122 | 8.601+59 | 2
1.353 £ 34 8- 8.932+8¢ | 27
1.556 + 2 ¢ N 106 | 9313+10 | L7
2.7797 £0.4 9 9t 1.00 | 9.702+£79
4.027£24 | I7 497 0.808 29 | T | 111
4.371£59 " <0.12 | 10420 £2¢ 1.23
46448 £ 134 1T 149 | 10.742+9
5.456 + 2 a 085 | 11.245+7¢
6.107 £ 51 (27) 11.430 &+ 13
6.286 + 6 5t 11.667 + 6
6.529 + 6 g+ 11.989 + 15
6.582 + 14 9 12.335 £ 7
6.918 + 39 1) 12.802 + 8 4
7.243 +3¢ 13.474 + 6
754349 | 3T =3 13.797 + 4 ¢
7.723 4 12 3- 14.120 + 3 ¢
7926+£39 | (I",9) | 033 | 15.039+8¢
15.571 + 8

& (1976VA26): E, = 40 MeV, compare with Table 19.6.
b Obtained by autofit program using several low-lying states of '°F for calibration

purposes: the actual energy resolution was 80-150 keV (1976VA26).

¢ From Table 19.6.

4 Angular distribution obtained for this state.
¢ All values normalized to 1.00 for 1°F*(2.78).
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Table 19.13: Levels of 1°F and Ne from O(°Li, *He) and °O(°Li, t) #

Jre E, " in ¥F (MeV) E. ?in “Ne (MeV)
K™ = %+ K™=1"| other | K™= §+ K™=1" other
5 0 0
g 1.56 1.54¢
ol 0.20 0.24
. 5.47 5.42
9 2.78 2.79¢
u+ (6.50) ¢
5+ 4.65 4.64
1= 0.11 0.28
3- 1.46 1.62°¢
5" 1.35 1.51°¢°
- 4.00 4.20 &
9= 4.03 4145
gt 391¢ 4.03°¢
T 4.38 438°
5(+) 4.55 4.55¢
37 (1) 4.56 4.593 + 0.006
8- 4.68 471
50 5.11 5.00 f
g+ 5.34
- 5.43
(6.12)
(2, 1)~ 6.29
(4.9 6.86

2 (1971BI06, 1972GA08, 1972B114, 1973B102). See also reaction 14 in °Ne.
b Energies are nominal.
¢ J™ assignments based on similarities in angular distributions, and on known spin of one of the analog

states.

4 Not strongly populated at E(°Li) = 24 MeV.
¢ J™ assignments based on similarities in o, in both reactions, and on known spin of anaolg state.
FJm= (5", 17)(1973B102); a state at 4.78 MeV is also reported (1973B102).
& See, however, reaction 5 in **Ne (1973DA31).
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strength is split between it and “F*(8.957) (1977KO2L; abstract). See also (1974F01J) and
(1975AR1J, 1975GE18; theor.).

14. 10(°Li, *He)'°F Qum = —4.094

This reaction (and its mirror reaction '°*O(Li, t)'°Ne: see reaction 4 in 1°Ne) have been studied
at E(°Li) = 24 MeV. Members of the K™ = %* and { rotational bands have been identified: see
Table 19.13 (1972GAO08, 1972BI114). See also (1973FO1A, 1977TMA2G).

15. 160("Li, a))'°F Qm = 9.234

Many states of 1°F have been populated in this reaction: see Table 19.14 (1974TS03). See also
(1969GL06, 1973WE11, 1972BA1P). It is suggested that 9F*(8.89, 9.81), which are strongly
populated at £("Li) = 35 MeV, are the third %Jr and the second §+ states (1974TS03). See also
(1975G015).

16. 150(1°B, "Be)'9F Qm = —6.968

This reaction, as well as the analog reaction ['°O('°B, 7Li)'°Ne] have been studied at £('°B) =
100 MeV: an attempt is made to match analog states [see reaction 5 in ?Ne] but problems of energy
resolution are evident (1976HAO06).

17. 160(1'B, #Be)°F Qum = 0.4765

The angular distribution for the transition to *Be, s +'°F, s has been measured at £ (*°0) = 60
MeV (1972SC17).

18. (3) 70(d, n)'3F Q= 3.382 E, = 13.813
(b) 17O(d, p)**0 Qu = 5.8199
(c) '70(d, )*N Qu = 9.799

For reaction (a) see '8F in (1972AJ02); for reaction (b) see **0; for reaction (c) see N in
(1970AJ04).
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Table 19.14: States of °F from °O("Li, o)'F #

E." (do/dQ) max E.P (do/d€2) max
(MeV + keV) (mb/sr) (MeV + keV) (mb/sr)

0 0.34 5.50 0.96
0.11 0.05 6.08 15
0.20 1-2 6.48 }

0.21
1.35 0.15 6.50
1.46 0.08 6.53 1.07
1.56 0.87 6.89 4+ 20 4.2
2.78 1.3 7.21+20 0.37
3.91 0.07 7.70 £ 20 2.7
4.00 7.94 4+ 20 0.26
b 048
4.03 8.53 £ 20 3.1
4.38 0.12 8.89 + 20 2.8
4.55 9.53 £ 20 4.7
b 0.30

4.56 9.81 £ 20 3.8
4.65 3.7 10.32 £+ 20 14
5.11 0.36 10.44 £+ 20 2.8
5.34 0.22 ¢
5.47 1.3

2 (1974TS03): E("Li) = 35 MeV.

> Nominal energies except for the latest ten values.

¢ At E("Li) = 30 MeV the excitation of 1F*(7.25, 10.2, 12.1, 13.4) and
of 19F*(12.90 £ 0.05, 13.46 £ 0.05, 13.94 £ 0.05, 14.30 £ 0.05) are
reported by (1969GL06) and by (1973WEL11, 1972BA1P), respectively.
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19. 170(t, n)°F Qm = 7.556

Not reported.

20. 'TO(3He, p)°F Qm = 8.320

This reaction has been studied at E(*He) = 18 MeV (1974BI1C; abstract).

21. 170(q, d)°F Qm = —10.033

At £, = 47.5 MeV many states of °F have been populated: angular distributions to the two
§+ states 19F*(4.38, 5.47) and to the two states %Jr states 19F*(6.50, 7.94) are reported.
It is concluded that '?F*(4.38) is mostly (ds/2)’_- and that the higher state is more deformed.
-2

%* states both appear to be deformed to the same extent suggesting that there is

member of the ground-state rotational band (1975F007).

In the case of the
no single 1™

22. 70(13C, 1'B)9F Qm = —4.865

See (1977CH22).

23. 180(p, 7)'°F Qm = 7.9934

Resonances for capture radiation observed for £, = 0.3 to 3.0 MeV are displayed in Table
19.15. At the E, = 0.85 MeV resonance ['?F*(8.80)], the intensity of the transition 8.80 — 3.91
and the anisotropy of the 8.80 — 3.91 — 0 ~-rays limit J of YF*(3.91)to 2 or 2. J = 2 is
ruled out by the angular distribution of the y-rays. At the F,, = 1.17 MeV resonance ['?F*(9.10)],
the angular distribution of the y-rays to the 3" state at 0.197 MeV indicate /= = I [27 not
completely excluded] for *F*(9.10). J = 2 or § is suggested for “F*(2.78). The ~-decay of
the resonances at £, = 1.77 and 1.93 MeV is very complex (1965AL20). For branching ratios
and I', see Table 19.7 (1962NEO03, 1965AL20, 1971W0O12, 1972W0O15). See also (1973CL1E;
astrophys. considerations).

24. 80(p, n)!SF Qum = —2.4379 By, = 7.9934

Yield measurements have been reported from £, = 2.5 to 13.5 MeV: the measurements by
(1969BE57; n; 2.6 — 3.3 MeV), (1973BA31; oy; 2.6 — 3.9 MeV), (1969DI07; ny, 7, Ny, N37)
and n; 3.0 — 7.0 MeV), (1964BA16; o; 3.5 — 10 MeV) and (1973FR10; np — ny; 4.6 — 6.6
MeV) lead to the resonances shown in Table 19.16. See also '*F.
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Table 19.15: Resonances in 80(p, 7)F »

E, (keV) [ (keV) JT | E, (MeV) Refs.
629.6 4 0.3 2.0+0.3 g 8.5896 | A
848 + 2 4045 s 8.796 | A
1166.5+£0.4 | (25+£24) x 1073 | TP 9.0980 | A
1398 + 3 4 9317 | A
1685+ 549 <15 (9.589) | (1959BU05)
1769 + 2 4.0+1.0 & 9.669 | (1959BUO05, 1962NE03)
1778 (9.677) | (1962NE03)
1790 (9.688) | (1962NE03)
1928.4 £ 0.6 © 0.340.05 5t 9.819 | A
2263.0 + 0.7 5.0+ 1.0 37 10.136 | (1969DU1A, 1962NE03, 1971WO012, 1972WO15)
2.36° (10.23) | (1962NE03)
2.39 AT 410 (10.26) | (1962NEO03)
2.41 10+5 (10.28) | (1962NE03)
2.44 (10.30) | (1962NEO03)
(2.60) (10.46) | (1962NE03)
(2.66) (10.51) | (1962NE03)
(2.68) (10.53) | (1962NE03)
(2.73) (10.58) | (1962NE03)
(2.77) (10.62) | (1962NE03)
(2.80) (10.64) | (1962NE03)
(2.84) (10.68) | (1962NE03)

A: See references for this state in Table 19.12 in (1972AJ02).

@ See also Table 19.7.
> Most probable value, although J™ =
°T',andT', are < few eV (1969DU1A

9
2
).

4 See, however, (1962NE03).
¢ See (1962NEOQ3) for additional resonant structure between £, = 2.33 and 2.78 MeV.
f From ~-ray angular distributions (I.E. Wright, private communication).
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Table 19.16: Resonances in 80(p, n)!8F 2

E, Cem Res. P J" E,inYF Refs.
(MeV + keV) (keV) in yield of (MeV)
2643+1.0 | 62+0.5 n (%) 10.496 | (1969BE57, 1973BA31)
2691 +1.0 | 2.5+0.2 n 10.542 | (1969BE57, 1973BA31)
2717+1.0 | 52+0.5 n 10.566 | (1969BE57, 1973BA31)
276715 | 47405 n 3 10.613 | (1969BE57, 1973BA31)
2.923 + 4 6+3 n 10.761 | (1973BA31)
3.025+2.0 | 24.0+1.5 n g 10.858 | (1969BE57, 1973BA31)
(3.08 + 20) ~ 60 n (10.91) | (1973BA31)
3.148 + 3 14 4 2 n 10.974 | (1969BE57, 1973BA31)
3.164 £ 2.5 742 n 10.989 | (1969BE57, 1973BA31)
3.250£25 | 35+4 n g 11.071 | (1969BE57, 1973BA31)
3.370 + 14 17+4 n 11.184 | (1973BA31)
3.463 + 3 742 n 11.272 | (1973BA31)
3.470 £ 15 70 + 20 n 11.279 | (1973BA31)
3.653 + 4 40 + 10 n,n 11.452 | (1973BA31)
3.680 + 5 743 n 11.478 | (1973BA31)
3.705+ 5 442 n,m 11.502 | (1973BA31)
3.748 £ 15 50 + 15 n 11.542 | (1973BA31)
3775+ 7 15+ 10 n, Ny (T'=3)°| 11568 | (1973BA31)
(3.79+20) | 60+ 20 n (11.58) | (1973BA31)
3.863 + 4 45 + 10 n,m 11.651 | (1973BA31)
4.00 N1, N (11.78) | (1969DI07)
4.06 + 104 < 50 n,n 11.84 | (1964BA16, 1969DI107)
4.11 N (11.89) | (1969D107)
4.16 + 10 90 n,n 11.93 | (1964BA16, 1969D107)
4.33 N1, N3 (12.09) | (1969DI07)
437+ 10 100 n, Ny, Ny 12.13 | (1964BA16, 1969D107)
4.47 50 n, Ny, Na, N3 12.23 | (1964BA16, 1969DI107)
4.58 + 10 N (12.33) | (1969DI07)
4.70 ns (12.44) | (1969DI07)
4.83 N1, No, N3 (12.57) | (1969D107)
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Table 19.16: Resonances in 80(p, n)'8F # (continued)

E, | - Res. P J7 E, in F Refs.
(MeV + keV) (keV) in yield of (MeV)
4.90 Ny (12.63) | (1969DI07)
5.05+ 10 200 n, Ny, Ny 12.77 | (1964BA16, 1969DI107, 1973FR10)
5.10 Ny, Ny (12.82) | (1969DI07)
5.20 Ny, N3 (12.92) | (1969DI07)
5.35 n, Ny, Na, N3 13.06 | (1969DI107, 1964BA16)
547+ 15 70 n, Ny 13.17 | (1964BA16, 1969DI107)
5.622 + 15 30 n, Ny, Ny (T =3) 13.317 | (1969DI07, 1973FR10)
5.76 Ny, N3 (13.45) | (1969DI07)
6.061 £ 15 50 n, Ny, Ny (T =3) 13.73 | (1964BA16, 1969D107, 1973FR10)
6.60 + 15 350 n 14.24 | (1964BA16)
(6.70 + 15) n (14.34) | (1964BA16)
717420 300 n 14.78 | (1964BA16)
7.40 £+ 20 n 15.00 | (1964BA16)
(7.8) n (15.4) (1964BA16)
(7.98) n (15.55) | (1964BA16)
8.19 + 25 150 n 15.75 | (1964BA16)
8.74 + 25 200 n 16.27 | (1964BA16)
9.30 + 30 n 16.80 | (1964BA16)

& See also Table 19.13 in (1972AJ02).

b n means total yield.

¢ See (1968BE34).

4 Errors here and below are estimated from published data of (1964BA16) by H.B. Willard, private communication.

25. 180(p, p)'*0O E, = 7.9934

Scattering studies have been carried out for £, = 0.6 to 16.3 MeV [see (1972AJ02)] and at
E, =3.4106.2 MeV (19730R01; p,, R-matrix analysis) and with polarized protons for £, = 3.8
t0 6.1 MeV (1975AL20; po, p1) and at 6.0 to 16.6 MeV (1976 MULC; py; prelim.). Observed reso-
nances are displayed in Table 19.17. Pronounced resonance structure continues to £, = 12 MeV
(1976MU1C). Polarization measurements are also reported at £, = 24.5 MeV (1974ES02). See also
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Table 19.17: Energy levels of 12F from 80(p, p)'80 and 0(p, «)'°N

E,® Tap Particles out I'p T's J E, Refs.
(MeV + keV) (keV) (keV) (keV) (MeV)
0.6326 £ 0.4 | 2.120.1 Po 0.065 % 0.006 2.0£0.2 8- 8.5925 | A

0.680 100 Po 5 95 i 8.637 | A

0.846 £ 1.5 47+ 1 Po, Ao 26+ 1.5 21 +1 %*; T=3 8.795 | A
0.9870 £ 0.7 | 3.840.2 Po, @ 0.080 & 0.007 3.7+0.3 3 8.928 | A
(1.135) 140 (9.068) | A
1.1685 £ 0.5 | 0.60 =+ 0.03 Do, @0 0.005 & 0.0006 | 0.595 & 0.08 ™ 9.0999 | A
1.2390 + 1 6.1+0.3 Po, (ao) 0.40 + 0.03 5.7+ 0.4 i 9.167 | A
1.4025 + 1 5.2+0.2 Po, @0 0.23 & 0.02 5.0+0.4 i 9321 | A
1.620 £ 6 30 Po, o (2) 9.527 | A
1.668 + 6 27 Po, o 3 9573 | A
1.766 & 3 3.6 Po, @0 2.1 15 3t 9.666 | A
1.928 £ 3 0.16 Po, Ao 0.09 0.07 (2, )~ 9819 | A
2.001 + 4 31 Po, @0 12 19 i 9888 | A
2.2630+0.7 | 5.0+£1.0 o, 01, Qg A 0.004 © 8- 10.136 | B
2.289 + 3 33 Po, @0 2.3 (1.0) i 10.161 | A
2.363 £ 3 45 Po, o 2.8 1.7 i 10231 | A
2.387 £ 3 24 Po, @0 11 13 3t 10.253 | A
2.443 4+ 4 9.7 Po, Qo 5.2 45 g 10.307 | A
2.644 + 3 4.6 Pos P1, 0, Q142 2.4 (1.0) at 10497 | A
2.705 + 3 8+2 P1, ao 3t (r=23)| 10555 | A
2.732 + 4 233 P1, o € 10580 | A
2.768 + 3 4.0 Pos P1, 0, Q142 0.7 (1.0) 3t =3%| 10614 | A
2,925 +3 5.7 Po, P1, 0, 142 45 1.2 i 10.763 | A
3.029 + 4 195 Do, P1, 00, (V142 13.0 ot 10862 | A
(3.06) o (10.89) | A
3.148 + 4 (14) Po, P1, 0, 142 (4.5) (4.5) (3, 5)* 10974 | A
3.266 £ 9 35 Pos P1, 0, Q142 i 11.086 | A




oy

Table 19.17: Energy levels of °F from 80(p, p)'*0 and *0(p, «)'®>N (continued)

E,® Tap Particles out I'p T's J E, Refs.
(MeV + keV) (keV) (keV) (keV) (MeV)
3.386 + 9 20 Po, P1, @0, Q142 (37) 11.200 | A
3479+ 8 23+5 Po, P1, g, Q142 43+1 g* 11.288 | A, (19730R01)
3.547 + 25 286 + 33 Po 241 42 %* 11.35 (19730R01)
3.643+9 4047 Po, (142) 17+3 i 11.443 | A, (19730R01)
3.694+9 29 + 6 Po, P1, @0, (142) 12+2 3- 11.491 | A, (19730R01)
3.744 + 8 23+5 Po, P1, @ 3.7+1 g* 11.539 | A, (19730R01)
3.811 +£12 66 + 7 Po 30+ 124 3- 11.602 | (19730R01, 1975AL20)
3.869 + 8 28 +7 Po, P1, (@142) 12424 g*; (T=3 11.657 | A, (19730R01, 1975AL20)
4.290 + 30 75+ 25 Po, (o, (V142 1043 i 12.06 A, (19730R01, 1975AL20)
4.390 4+ 15 110+ 15 | po, p1, (ap, @142) 60+ 10 s r=3 12.150 | A, (19730R01, 1975AL20)
4.465 + 12 78+1 Po, P1, 0, Q142 48464 g* 12.221 | A, (19730R01, 1975AL20)
4782+ 7 16 +4 Po, P1 24+1 i 12,521 | (1969DI07, 19730R01, 1975AL20)
4.840+ 10 50 + 10 Po, P1, 140 6.4+24 g* 12.576 | (19730R01, 1975AL20)
4.848 + 25 300 + 50 Po 80 + 25 i Tr=2 12.58 (19730R01, 1975AL20)
5.074 %+ 30 100 =+ 40 Po, P1, () 1345 g*; T=3 12.80 A, (1975AL20)
5.135 + 30 290 + 40 Po, P1 114 4+ 17 g*; T=3 12.86 (19730R01, 1975AL20)
5.225 + 25 75+ 25 Po, P1, Q142 3+1.5 g* 12.94 (1969D107, 19730R01, 1975AL 20)
5.27 £ 50 130 £ 40 Po 20+8 i 12.98 (1975AL20)
5.38 4+ 75 300 + 75 Po 75+ 25 3- 13.09 (1975AL20)
5.622 + 8 30+ 6 Po, P1, 0, Q142 10+3 - 13.317 | (1969DI07, 19730R01, 1975AL20)
5.670 + 25 40 £ 20 Po 242 8- 13.36 (1975AL20)
6.060 £ 11 55+ 10 Po, P1, (a142) 13+3 hr=3 13.731 | (1969DI107, 19730R01, 1975AL20)
6.65 P1, 0142 14.29 (1969D107)




v

Table 19.17: Energy levels of °F from 80(p, p)'*0 and *0(p, «)'®>N (continued)

E,® Tap Particles out I'p T's J E, Refs.
(MeV + keV) (keV) (keV) (keV) (MeV)
105 Po. P1, o 17.9 (1966ST04)

A: See references listed for this state in Table 19.14 in (1972AJ02).

B: (1972W0O15) and private communication.
a For other reported resonances see Table 19.14 in (1972AJ02).

b Probable analog of 120*(3.15): isospin impurities may be present (1969SE02, 1969SE03).

¢ ag + ag only.

d See also (1975AL.20).




(1974PLO05, 1974L01B, 1976PL1C, 1977KU1L, 1977PL1A) and (1975BA05, 1976ES1B; theor.).

26. (a) '*O(p, d)'"O Qm = —5.820 Ey = 7.9934
(b) **O(p, 1)*°0 Qum = —3.7069

Polarized protons at £, = 24.4 MeV have been used to study both reactions (a) and (b)
(1973P109): see %0 and 70 in (1977AJ02). Total cross sections for several deuteron and tri-
ton groups are reported at £, = 20.0, 24.4, 29.8, 37.5 and 43.6 MeV by (1974P105). See also
(1976DA1K, 1976PL1C).

27. 180(p, a)°N Qum = 3.9796 B, = 7.9934

Yield measurements have been studied for £, = 0.50 to 14 MeV: see (1972AJ02). See also
(1972W015). Observed resonances are displayed in Table 19.17. The (astrophysical) hydrogen
burning of 80 proceeds predominantly (> 99%) through the reaction *O(p, )N (1974RO1N).
See also (1975F019, 1977CL1F). Total cross section measurements are reported by (1974PI05;
20.6, 26.1, 34.2, 42.2 MeV; oy, a0, a3). See also (1974L0O1B), (1973TULB; applied) and
(1974NI1A; theor).

28. (a) #0(d, n)'°F Qum = 5.7685
(b) #O(d, na)'°N Qum = 1.7546

Angular distributions of neutron groups corresponding to '°F states with £, < 8.2 MeV
have been measured at £y = 3 and 4 MeV: see Table 19.18 (1968GU07, 1972TA26). Gamma-
ray measurements are reported in Tables 19.18 (E,), 19.7 (branching ratios) and 19.10 ()
(1972LE20, 1975LE16). For slow neutron threshold measurements see Table 19.15 in (1972AJ02).
At E4 ~ 5.1 MeV, reaction (b) appears to involve '°F states at F, ~ 8 to 10 MeV (1970B008).

29. 80(3He, d)°F Qm = 2.4998

Angular distributions of the deuterons corresponding to many states of '°F have been ana-
lyzed by DWBA: the results are shown in Table 19.18 (1970SC25; E(*He) = 16 MeV). See also
(1970GR04). The spectroscopic factors obtained by DWBA for '9F*(7.54, 8.80), the T' = 3,
JT = g* and %* analogs of 1°0*(0, 1.47) are in good agreement with those obtained for the 1°O
states in the 80(d, p)'?0 reaction (1971FO18). See also (1970SC25) and (1972ENO03, 1973V101;
theor).
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Table 19.18: Energy levels of °F from #0(d, n)!°F and 8O(*He, d)'°F

E, (MeV £ keV) L] 1P C25(2J; + 1) Jr b
(1975LE16) * | (1970SC25)"® d b
0 0 029 | 042 i
0.112+3 0.224 '3
0.199 £ 3 2 168 | 245 5
1.347 £ 5
1.460 £5 1 0.098 8-
15544 £0.6 |  1.556 +5 2 1.01 &t
2784+ 5 4 | 4f 0.027 g
3.9048+£0.8 | 3912+5
3.999 £ 1 4.002£5 (3) (0.019) (X
4.036 £ 10
4.3761 + 0.8 4.385+5 4! 0.048)F | (I7)
4551 +1 4555+ 5 2 0.31 3T e
4.5557 £ 0.5
4684+ 1 4.675+£10°
5.106 + 3 5.113+5 3 1@273)f g= Ik
53445 (2, 3) 0.0065 5F
5.428 + 8 (2,3) (0.042) (27
5.495 £ 5°
5.54+5 3 0.14 -
5.625 + 4
59435 0 0.014 i
6.095 £ 5 1 0.12 1=
6.167 £ 5
6.255 + 8 0| (0 |024| 019 itd
6.503 £ 5° 21 0.133f gt
6.595 £ 10
6.792 +5 1| 1% 027 0.29f 8-
6.93+5 (2, 3) A
7.1124+8° 2 0.087 5*
726+5
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Table 19.18: Energy levels of F from 0(d, n)'°F and O(*He, d)°F
(continued)

E, (MeV =+ keV) Lo P C25(2J; + 1) Jm b
(1975LE16) * | (1970SC25) " d b
7.364 £5 0 0.091 i
7.540 £ 3 1 2 0665 |25 T7=3
7.665 + 5 0| (2 |014| 0.035 (3"
7702+ 5 0, 1) (0.052) (2”
8.015+5 2 0.26 gt
8.086 + 5 (2, 3) 0.097 (2
8.135 £+ 5 0 | (0,1) 0.156 174
8.198 £5 (2,3) 0.035 (21
8.255+5 ) 0.035 (2
8.31+5
8.592 + 10 (2, 3)
8.795 £ 15 0 013) |1h7=2
9.113 4 10
9.18 £ 15
9.596 + 10
9.682 + 15
10.275 £ 15
10.33 £ 15
10.525 £ 15

2 180(d, nvy) (1975LE16). For 7., see Table 19.10.

b 180(3He, d): E(3He) = 16 MeV (1970SC25).

¢ 180(d, n): Eq = 3 MeV (1968GU07) and 4 MeV (1972TA26).

d Using DWUCK (1972TA26).

¢ Unresolved.

f See also (1970GR04).

& J probably 2. This appears to be a different state from the one involved in the 2°Ne(d, *He)'°F
reaction, with J™ = 2 see (1971R013).

h (1968GU07).
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30. 180(ay, 1)1°F Qum = —11.8207

Not reported.

31. BO(Li, an)'°F Qum = 4.295

For 7,,, of ¥YF*(0.110) see Table 19.10 (1969N109).

32. YO(B)F Qm = 4.819

The decay is primarily by allowed transitions to '°F*(0.197, 1.55), J™ = 2" and §+, respec-
tively. Very weak branches are also observed to 1°F*(0.11, 4.39), J™ = %* and g*, respectively:
see Table 19.19. The half-life is 26.91 4= 0.08 sec: see reaction 1 in 1°O. The character of the

allowed decay to the §+ and §+ states, and the forbiddeness of the decay to the ground state of °F

are consistent with J™ = 3" for the ground state of 1?0, and then with (™) for 19F*(4.39): see
(19660L01). Gamma-ray branching ratios are displayed in Table 19.7 (19660L01, 1970C022).
See also (1970CO1D). A preliminary study of the allowed decay to '°F*(0.197) has been carried
out to measure the F/GT mixing ratio (1976PELD).

33. YF(y, y)F

The energy of the first excited state is 109.894 + 0.005 keV: its width is (5.1 +0.7) x 107" eV
(1962SE12, 1962BO1A). YF*(1.46, 3.91, 7.66) are also excited: for 7,,, of the first of these states
see Table 19.10 (1964B022); E, = 3906 £ 6 and 7663 -4 keV for the latter (1972SHO07) [see also
for I',]. The scattering cross section is relatively small and structureless for £, = 14 to 30 MeV
(1967L0O1B).

34. 9F(, n)I5F Qum = —10.4313

The (v, no) and (y, ny) cross section, derived from bremsstrahlung show peaks at £, = 12.10+
0.04 [0.20 £+ 0.05], 12.38 4+ 0.04 [0.17 4+ 0.05], 13.82 + 0.05 [0.25 4+ 0.10] and 16.24 + 0.05
[0.30 4+ 0.15] MeV [I" in brackets]. It is suggested that the two lower states have J™ = %_ and the
two upper states have J™ = g_. The integrated cross section in the interval £, = 11.9 — 17.9 is
14.442.2 MeV-mb (1976SH12). The cross section for (v, Tn) has been measured for £, = 10.5to

28 MeV: it shows a clear resonance at £, ~ 12 MeV and unresolved structures at higher energies.
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Table 19.19: Branching in O(37)*F 2

Decay to '9F* (keV) | J™ | Branch (%) log ft Refs.
0 i+ <4 > 6.5 (1959AL06, 1959J026)
0.110" 171 0.04870053 | 10.167035 ¢ | (1970C0O22)
0.197 ¢ ST 41512 5.427096 £ | (1959AL06)
1.35 g > 7.1 (1959J026)
1.46 8- > 6.7 (1959J026)
1.554 3T 158542 4.5940.03f | (1959AL06)
2.78 9+ <0.15 > 7.4 (1959AL06, 19660L01)
4.38 1016 +0.012 3.60f (19660L01)

& See also (1959AJ76).

b B, =111.5+ 1.5 keV (1954J021), 112 + 2 keV (1959]026).

¢ E, =199.6 £ 1.5 keV (1954J021).

4 F, = 1.5539 £ 0.0013 MeV (1966AL12).

¢ log f1t (1970C0O22). See also (1971TO08).

f Based on Q,, and Ti2 = 26.91 & 0.08 sec: see 190, reaction 1 (B.A. Zimmerman, private
communication).

The integrated cross section to 29 MeV is 108 4+ 7 MeV - mb (1974VEO06). See also (1976BE1H).
Additional structures have been reported in earlier work [see (1972AJ02)] and by (1971BA2W,
1972VA32, 1973CA19). See also (1972TH15, 1975N0O10, 1975W004), (1974BU1A, 1975AB1F,
1975BR1F, 1977DA1B) and ®F.

35. (a) 1°F(v, 2n)!"F Qum = —19.5819
(b) F(v, 2np)*¢0 Qum = —20.1823

The integrated (-, 2n) cross section to 60 MeV is given as 9.1 + 0.9 MeV - mb by (1976 ANO06)
who also report a number of structures. The cross section for reactions (a) and (b) for £, = 22
to 28 MeV shows no structure (1974VVEOQ6). See also (1972VA32, 1973CA19, 1976MA62) and
(1976BE1H).

36. 19F(v, p)!*0 Qm = —7.9934

The integrated cross sections for the p, and p, processes at 90° for £, = 13.3 — 25.4 and
15.2 — 26.0 MeV are, respectively, 1.80 + 0.27 and 0.50 £ 0.45 MeV - mb/sr. The (v, po) cross

46



section at 90° shows broad structures at £, = 15.0, 17.0 and 23 MeV (1975TS03). Peaks have also
been reported corresponding to 1°F*(10.4, 11.4, 11.9, (12.8), 13.6, 15.4, 16.5, (18.1)) (1960FO10).
See also (1972TH15, 1976 TH1E) and 0.

37. 9F(y, 1)!°0 Qm = —11.7003

This reaction has been studied for the transition to 160g_5. for £, = 18 to 23 MeV. Two peaks

are observed at £, = 18.8 and 20.1 MeV: the angular distribution of t, indicates J™ = 1~ or 37,
T = 1. The triton GDR contributes ~ 1% of the total GDR (1974SK04).

)

38. ¥F(v, a)'*N Qm = —4.0138

See (1972TH15). See also (1972SP1B, 1976 TH1E, 1977SP06) and '°N in (1976AJ04).

39. (@) *F(e, )'°F
(b) *F(e, en)¥F Qm = —10.4313
(c) 2F(e, ep)'80 Qm = —7.9934

The rms radius of *F = 2.885 4 0.015 fm (1973HA13). Elastic and inelastic form factors
have been measured for a number of '°F states: see (1973HA13, 19750Y01). Table 19.20 shows
the extracted radiative ground-state transition strengths (19750Y01, 1973HA13, 1975WI1H). The
deformation parameters for the ground state K™ = %+ rotational band are 5, = 0.43 4+ 0.02,
By = 0.12 4 0.02 (19750Y01).

For reaction (b) see (1975W004); for reaction (c) see (1975TS03). See also (1975BELT),
(1972THZF, 1974DELE, 1975BE1G) and (1972AJ02) for the earlier work.

40. ¥F(n, n")1F

Angular distributions of neutron groups have been reported for £, = 2.6 and 14.1 and 14.2
MeV: see (1972AJ02). E, for the first six excited states of !°F, derived from ~-ray measurements,
are 109.8 + 0.2, 197.2 £+ 0.2, 1345.4 + 0.3, 1456.9 4+ 1.1, 1554.0 & 0.3 and 2775.1 + 3.5 keV
(1968SP01) [see (1972AJ02) for other, unpublished, measurements]. £, = 110.1+0.2 and 197.2+
0.3 keV (19720P01), 1236.9 + 0.6 and 1358.6 + 0.7 keV (1976PR08). Gamma decay of states
with £, < 5.4 MeV is reported by (1972N105). See also (1973LE1C, 1974R003) and *°F.

47



Table 19.20: Radiative widths from °F(e, €)

E,in1°F (MeV) | J™ | Mult. | |M]? (W.u.) Refs.

0.110 R 1073 (1975WI1H)
0.197 ST E2 5.7t 5% (1973HA13)
1.35 27| EB 1143 (19750Y01) b
1.55 3T 1E2 | 80+1.0 | (19750Y01)°
2.78 9T E4 | 58+13 | (19750Y01)
4.00 | E3 <04 (19750Y01)
4.03 97| ES5 16+ 7 (19750Y01)
4.55 ST1UE2 | 10402 | (19750Y01)
5.43 ™| E3 15+ 4 (19750Y01)

a Abstract.

b See also (1973HA13).

41. (a) YF(p, p)*F
(b) °F(p, 2p)'20 Qum = —7.9934

Table 19.21 displays energy levels of °F derived from this reaction (1968GUO07, 1969P003,
1978BHO01). Angular distributions of various proton groups have been measured from £, = 4.3
to 17.5 MeV: see (1972AJ02) and at 30 MeV (1974DE46, 1973DEQ6; see Table 19.21). The
ground state rotational band is characterized by 5, = 0.44 £+ 0.04, 5, = 0.14 4+ 0.04 (1973DEOQS6,
1974DE46). See Tables 19.7 and 19.10 for branching ratio and 7, measurements. See also
(1972SO1A, 1973HELE). For reaction (b) see (1972H110). See also (1973LE1C), (1973RU1B;
applied work), (1973PEQ9, 1977DE17; theor.) and (1972AJ02).

42. F(d, d)"°F

Angular distributions of elastically scattered deuterons have been measured for £4 = 2.0 to
15 MeV: see (1972AJ02). In addition, angular distributions have been measured at £y = 15 MeV
for d; — d; (1970DEO6) and B(E\) have been derived. See also (1971BE2F). For polarization
measurements see (1972BO1G, 1977AN24) and (1978ENO06). See also (1972SCL1F; theor.).

43. 19F(t, t)'9F
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Table 19.21: States of '°F from F(p, p/)!?F* &

E, (keV) Le  pBLe  JT
(1968GU07) | (1969P003) | (1976BHO3) P

197.6 £ 0.6 2 055 37

13458 +£0.2 | 13454 +0.6 033 5~

1459.1+0.5 | 1458.6 +£0.4 8-

1554.2£04 | 1553.5+06 | 2 058 &7

27798+06 | 4 022 2F

3920 + 10 3907.1+ 1.0 it

4010 + 10 3998.5 + 0.8 -

4040 = 10 4032.5+ 1.2 9-

4390 + 10 4377.7 £ 1.0 ™

45488+1.08 | 2 020 37
4560 = 10

4557.5 £ 1.0 3-

4690 = 10 4682512 | ¢

5110 + 10 2 015° 3T
5340 = 10

5420 £ 10 3 045 17
5470 = 10
5500 = 10
5540 = 10

5630 = 10 f
5940 = 10
(6080)

6090 = 10
6170 = 10
6250 = 10
6290 = 10
6330 = 10

& See also Table 19.19 in (1972AJ02).
b Based on E, = 109.9 and 197.1 keV.
© (1974DE46): E,, = 30 MeV.

4 (1974DE46) report excitation of a state with £, = 4.69 MeV, J™

L=3,0,=0.17.

cIf L =2.

f (1974DE46) report excitation of s state with E,

L =34 =0.33.

g gr _ 57+
JgT=5%.

hgm=23"or(

).
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Elastic angular distributions have been measured at £, = 2 and 7.2 MeV: see (1972AJ02).

44. (3) “*F(°He, *He)'°F
(b) 19F(3He, He) SF Qm = —14.845

Elastic angular distributions have been measured for E(*He) = 4.0to 29 MeV [see (1972AJ02)]
and at 16 MeV (1974VEO3; also to F*(0.20)). The triton reduced width for °F, derived from a
study of reaction (b) at £(®*He) = 30.0 and 40.7 MeV, is 0.021 (19720H01). See also (1972Y002).

45. (@) F(a, a)F
(b) ¥F(e, 2a)°N Qm = —4.0138
() F(a, at)'f0O Qm = —11.7003

Angular distributions of elastically scattered a-particles have been measured at £, = 19.9 to
23.3 MeV and at 38 MeV [see (1972AJ02)]. Many inelastic groups have also been studied: see
Table 19.22 (1973KR20). The ground state K™ = %+ rotational band is characterized by 5, = 0.35
and G, = 0.12 (1973KR20).

The energy of the ~-ray from 1.35 — 0.11 transition is 1235.8 + 0.2 keV. Using F, =
109.894 + 0.005 keV for the energy of the first excited state, £, for F* is then 1345.7 4 0.2
keV (1967WA13). At £, = 12.7 MeV, a state at 4.648 MeV is populated which is then observed
to y-decay to the %+ state at 2.78 MeV. The angular distribution of the cascade ~-rays and the life-
time of 19F*(4.65), set J™ = 12—3+ for F*(4.65) (1969JA09). See also (1971BE60, 1972BALR).
For reactions (b) and (c) at £, = 60.2 MeV, see (1972CH18).

46. (a) “F(°Li, SLi)"°F
(b) F("Li, "Li)'°F

Elastic angular distributions have been reported for both reactions at £(Li) = 20 MeV (1969BE90)
and 34 MeV (1975W130). See also (1972WA3L1; theor.).

47. (a) 1F('°B, 19B)'°F
(b) 19F(12C, 12C)19F
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Table 19.22: States of °F from °F(«, o) ®

E.(MeV+keV) | Le| |B] | J74 | |M]? | (Wu)
0
0.11 1
0.20 2 | (~0.3) (= 2.9)
1.35 3 | 0.242 1.93
1.46 1
1.55 2 | 0.359 4.16
2.783 %+ 20 4 | 0175 1.07
3.91 2 | 0081 | 3F 0.21
4.00 (3)
4.03 (5)
4.398 + 20 4 | 0.068 0.16
4.551 £ 20 2 | 0.149 0.71
4.56
4.647£20 | (6)
4677+£20 | (3)
5.113 £ 20 310126 | o 0.52
5.349 + 20
5.431 + 20 3 | 0.325 3.48
5.482 + 20 4 | 0122 0.052
5.494 + 20 2 | 0.075 0.024
5.555 = 20 2 | 0072 | 3° 0.017
5.630 £ 20 3 | 0267 | &7 2.36

a (1973KR20): E, = 25 MeV.

b Energies are nominal unless uncertainty is indicated. Authors state

accuracy of E, is in range +8 — 20 keV.

¢ If L is in parentheses, fit DWBA was not possible: value of L shown is
that implied by the selection rules for one-step excitation.
4 Only those J™ determined by (1973KR20).
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For reaction (a) see (1971KNO5). For reaction (b) see (1969010, 1972SC03; E(*°F) = 40,
60 and 68.8 MeV). See also (1973BR1C, 1975GR41, 1975V0O1B, 1977BA3E, 1977PE1)).

48. (a) “F(*N, “N)"F
(b) 19F(15N, 15N)19F

For reaction (a) see (1972AJ02). The elastic scattering has been studied at £(*°N) = 23, 26
and 29 MeV by (1973GA14). See also (1975VO1B).

49. (a) 1°F('°0, '60)!°F
(b) 19F(1801 180)19F

Elastic angular distributions have been studied at £(*°0) = 21.4 and 25.8 MeV (1975M031)
and at £(*°F) = 27, 30, 33 and 36 MeV (reaction (a)) [also to *F*(1.46) at the two higher energies]
and at 27, 30 and 33 MeV (reaction (b)) (1973GA14). See also (1973VOL1E, 1975VO1B) and
(19760H03, 1977SC1K; theor.).

50. 19F(*Ne, Ne)'9F

See (1972AJ02).

51. Ne(3+)°F Qum = 3.2383
See “Ne.
52. 20Ne(y, p)!°F Qum = —12.8447

See (1972AJ02) and 2°Ne here.

53. 20Ne(n, d)!°F Qm = —10.6200

See (1976KI11D).
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54. 2°Ne(d, *He)'*F Qum = —7.3515

At B4 = 52 MeV, 2He groups are observed, and angular distributions are reported, correspond-
ing to states at £, = 0.15 £ 0.04, 1.51 £ 0.03, 2.83 £ 0.04 (I = 4), 3.99 £ 0.07, 4.56 £ 0.02
(1=1),5.44+0.05,5.6940.07 (I = 1),6.1040.03, 6.78 £ 0.02 (I = 1) and 10.42 + 0.15 MeV
(1970KA31). See also (1971IN1C) and (1972ENO03, 1973EL07, 1973SA1A; theor.).

55. 20Ne(t, a)'9F Qm = 6.9694

Observed «a-groups are displayed in Table 19.23 where spectroscopic factors are compared
with those of analog states in n*?Ne (1961S103, 1974GA28). For 7, of ?F*(4.65) see Table 19.10
(1969BHO01).

56. 2!Ne(n, t)1°F Qm = —11.124
Not reported.
57. 2'Ne(p, *He)'"F Qm = —11.888

At E,, = 45 MeV, *He groups are observed to some 7' = 1 states in '°F and to the §+, T=3

analog of 120*(0.095): E, = 7.660 + 0.035 MeV (1969HA38). At E, = 40 MeV comparison of
the ground-state angular distributions in this reaction and in the mirror (p, t) reaction [see reaction
15 in 12Ne] shows a suppression of the S = 1, 7" = 0 component of the (p, *He) cross section: this
is observed to occur for all 7, = % nuclei with A < 40 (1976NA18).

58. 2'Ne(d, o)'°F Qm = 6.465

The population of the first three states of 1°F has been observed (1952M154).

59. 22Ne(p, a)'°F Qum = —1.675

The parity-non-conserving asymmetry of the 110 keV ~-rays emitted by polarized *F* nuclei
ind = —(1.8 4 0.9) x 107* (1975AD01). See also (1973BR1C, 1976AD1B, 1977AD1C) and
(1975B0O12, 1976B0O38).

60. 22Na(n, na)*F Qm = —10.467

See (1966\W003).
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Table 19.23: States of 1°F and *Ne from 2°Ne(t, o) and 2°Ne(®He, «)

E, in F (MeV =+ keV) Ly | J" C?S &b E.in "Ne
(1961S103) | (1974GA28) » (ta) | CHe a) | (MeV)
0 0 |i"] 012 | 020 0

0.11 1|17 17 1.8 0.28
0.20 2 |37 16 0.95 0.24
1.46 1 27| 030 | 021 1.62
1.55 2 | 37| 031c| 0.70 1.54

2.794 + 15 2.78

3.917 £ 15 3.91 571 <004 | <01 4.03
4.00

4.032 £ 15 4.03

4.385+ 15 4.38

4563 +£15 | 4554456 | 1 |27 | 069 | 057 4.55

(4.690 £ 40) | 4.65 + 4.68

5102+ 15 5.11

5.343 £ 15

5.481 + 15

5.539 £ 15

5.628 £ 15

5.937 £ 20

6.092 + 15 6.09 127 10 1.4 6.01

6.169 =+ 30

6.247 £ 25

6.501 + 25
6.79 12| 096 | 15 6.74

2 (1974GA28): E; = 20 MeV. E; are nominal.

b Calculated using finite range and non-local corrections. The (3He, «) results are from
(1970GA18). The absolute DWBA normalization factors were 4.6 for (t, «) and 10.2 for

(3He, «).

¢ Poor DWBA fit.
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19Ne
(Figs. 7 and 8)

GENERAL.: (See also (1972AJ02).)

Nuclear models: (1972ENO03, 1972NE1B, 1972WE01, 1973DE13, 1977BUO05).

Electromagnetic transitions. (1972EN03, 1972LE06, 1973HA53, 1973PE09, 1977BUO0S).

Soecial states: (1972EN03, 1972GA14, 1972HI117,1972NE1B, 1972WEO01, 1977BU05, 1977SCO08).
Complex reactionsinvolving Ne: (1976H105, 1977BUO5).

Astrophsyical questions: (1973CL1E).

Muon capture: (1972MI11).

Pion capture and reactions * : (1972EC1A).

Other topics: (1972CA37,1973DE13, 1973MA1K, 1974RE03, 1975BL1F, 1975SH20, 1977SH13).

Ground state of 1°Ne: (1971SH26, 1971TALA, 1972LE06, 1972VA36, 1973EN1B, 1973MELE,
1974REO03, 1974SHYR, 1977AN12, 1977BUO0S).

g, = —1.887 nm (1976FU06);
M0.239 = —0.74 nm (1976FU06)

1. 9Ne(8%)°F Qm = 3.2383

The half-life of **Ne is 17.43+0.06 sec (1962EA02), 17.36+0.06 sec (1968G010, 1974W114),
17.219 4+ 0.017 sec (1975AZ01). See Table 19.22 in (1972AJ02) for earlier measurements. We
adopt 71 o = 17.22 + 0.02 sec. See also (1977VI1D). The decay is principally to 1F, ; [log ft =
3.237 4 0.001 (1976AL07)]. The allowed nature of the decay to the ground state of °F sets
JT = %+ for 1YNe, .. A very weak branch is also observed to '°F*(1.55): the branching ratio
is (2.1 £0.3) x 1073% [log ft = 5.72 + 0.06]; E, = 1356.92 £ 0.15 keV for the transition
YE*(1.55 — 0.20) (1976AL07). Other values for this branching ratio are (8.2 & 2.0) x 10~%%
(1975FR15), < 3 x 1073% (1974MA31, 1975MAXA). The ratio of ex /4 is (9.6 + 0.3) x 10~
(1972LE33).

£ A ~-ray with E, =275.34 + 0.50 keV is reported by Backenstoss et al. [quoted in (1972EC1A).]. The identifi-
cation of the ~-ray is not certain (1972EC1A).
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Table 19.24: Energy levels of 19Ne ®

E, (MeV +keV) | J°T | K™ 7 or I, (keV) Decay Reactions
0 I gy, =17.22 4 0.02 sec gt 11,3 4,89 10, 11, 14,
15
0.23827£011 | 3 | 1F Tm = 26.0 0.8 nsec v 3,4,8,9,10, 14, 15
g = —0.296 = 0.003
0.27509 £ 0.13 : 3 Tm = 61.4 £ 3.0 psec ¥ 3,4,8,14
1.50756 + 0.3 2 3 14102 psec v 3,4,8 14
1.5360 + 0.4 A 28 + 11 fsec v 3,4,5,8,9,10, 14
1.6156 + 0.5 3= 3 143 + 31 fsec v 3,4,814
2.7947 + 0.6 A 140 + 35 fsec v 3,4,5,8,9,10, 14,15
4.0329+24 | (3,2)F < 50 fsec v 4,7,14
4.140 + 4 %~ |G < 0.3 psec v 4,7,14
41971424 &~ |G < 0.35 psec v 4,5,7,14
4.3791 £ 2.2 [ < 0.12 psec 5 4,7, 10, 14
4549 +4 (3.3)” < 80 fsec v 4,7,14
4.600 + 4 (2 < 0.16 psec v 4,7, 14
4.635 +4 L+ 1 > 1 psec v 4,5,6,7,14
4.712+10 (57) 4,14
4.783 £ 20 4,14
5.092 £ 6 (5,9~ v 14
5.351 £ 10 it 14
5424 +7 U 4,14
5.463 £ 20 14
5.539 +9 14
5.832+9 14
6.013 +7 (3,3 14
6.094 + 8 14
6.149 £ 20 14
6.289 & 7 4,5, 14
6.437 £ 9 14
6.742 £ 7 (3, 3)" 5,14
6.862 & 7 4,14
7.067 +9 14
(7.178 £ 15) 14
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Table 19.24: Energy levels of 19Ne ® (continued)

E, (MeV +keV) | J°T | K™ 7 or I, (keV) Decay Reactions
7.253 £ 10 14
(7.326 & 15) 14
(7.531 & 15) 4,14
7.616 + 16 3.3 5,14, 15
7.700 £ 10 14
(7.788 & 10) 14
7.994 + 15 14
8.063 & 15 14
8236+ 10" 5,14
8.440 + 10 5, 14
8.523 £ 10 14
(8.810 + 25) 14
8.915 + 10 5, 14
9.013 £ 10 14
9.100 + 20 14
9.240 + 20 14
9.489 + 25 14
9.886 + 50 P 5,14
10407 +30°> | 37 45 p,*He a | 2,14
10.46 1 355 p,*He a | 2
10.613 4 20 14
11.09 + 100 P 5
11.51 37(3) 25 *He, o | 2
12.23 + 50 h 200 + 25 SHe, o | 2
12.43 £ 50 ' 180 £ 25 SHe,a | 2,5
12.69 =+ 50 i 180 £ 40 p,*He a | 2
14.17 £ 100 3)
14.61 & 100 5
15.40 £ 100 620 4 130 v, 3He |5

@ See also Tables 19.13 and 19.26.
b Broad or unresolved states.

(1977BA08) have studied the triple angular correlation 1°F*v, and find a preliminary result of
D = (—0.62 4 0.88) x 1073, which is consistent with T-invariance and which corresponds to a
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phase difference between the axial-vector and vector weak coupling constants of ¢ = 180.07 +
0.10°. For an earlier experiment on the existence of second class currents see (1975CA28, 1974VA1)).
See also (1972AJ02, 1975CALF, 1976CALE, 1976SI1H, 1977BA48) and (1972H014, 1973LA03,
1973MU1D, 1973WI104, 1973WI11, 1974LE1G, 1974WI1M, 1975CA35, 1977AZ02, 1977HO16,
1977KL1F, 1977KU1E, 1977LE1R; theor.).

2. (a) '°O(®*He, 7)"Ne Qm = 8.4434
(b) 15O(3He, n)!8Ne Qm = —3.196 E, = 8.4434
(c) 1°O(®He, p)*¥F Qm = 2.0328
(d) '0O(He, *He)'°0
(e) '°O(®He, a)'°0 Qm = 4.9140
(f) *°O(*He, 2n)!"Ne Qm = —22.427
(9) '°O(®He, 2a)*'C Qm = 5.306

The capture cross section at the 2.40 MeV resonance (reaction (a)) is < 0.8 pb (1959BR79).
Studies of the excitation functions for reactions (c) and (€) [cvo, P1+243+4, Ps5, Ps, P7] for E(3He) =
2.0 to 3.0 MeV are interpreted in terms of two resonances at £(*He) = 2.400 and 2.425 MeV
(**Ne*(10.46, 10.48)) with I' = 355 and 45 keV, J™ = 1" and 27, respectively (1959BR79,
1961S109). Studies of the (po, p1, Ps) Yields, of the elastic yield (reaction (d)), and the analysis
of angular distributions in the range E(*He) = 4.3 to 5.6 MeV show the presence of a single
resonance at £(*He) = 5.054-0.05 MeV [1Ne*(12.69)], T' = 180+40 keV, J™ = %+ (1967R0O10).
A resonance-like structure is also reported at £(*He) ~ 9.5 MeV in the yields of neutron groups
(reaction (b)) (1970AD02). See also (1976GA27).

The elastic scattering (reaction (d)) and the «q yield (reaction (e)) have been studied for
E(*He) = 3.2 to 7.0 MeV by (19720T01). They report a state at £, = 11.51 £ 0.05 MeV
[E(*He) = 3.65 MeV] with J™ = 27 or (37), [ = 25 keV. In addition, two states at £, = 12.23
and 12.40 MeV (£0.05 MeV) [E(3He) = 4.50 and 4.70 MeV], J™ = §+ and g*, I = 200
and 180 keV (£25 keV) respectively, are indicated by a two-level analysis. An R-matrix analysis
seems to indicate additional structure as well (19720T01). The polarization of elastically scattered
3He has been studied at £(*He) = 18 MeV (1972MC01). See also (1967LELC; theor.). The oy
yield for E(*He) = 4.0 to 9.0 MeV shows fluctuations which are analyzed with a coherence width
of 130 + 20 keV (1969DA08). These fluctuations continue at least to 11.8 MeV (1969BRO07).

For other work on these reactions see (1972AJ02). See also (1974LO1B).

3. 160(a, n)'9Ne Qum = —12.1344

Lifetime measurements and £, measurements are displayed in Tables 19.25 and 19.26 (1970GI09,
19711T02). See also (1973DE1J, 1975SK1B).
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Table 19.25: Excited states of ?Ne from 5O(a, n)!*Ne
and F(p, n)'*Ne 2

E, (keV) Jr ¢
(1970G109) | (19711T02) | (1977LE03)
238.24£0.2 | 236.8+0.7
275.14£0.2 | 273.9+0.7

1507.9 0.4 | 1506.1 £0.8" | 1507.8 £ 0.6 | 3~
1536.3 £ 0.5 | 1534.7£0.7" | 1536.6£0.6 | 37
1615.5 £ 0.7 1615.7+0.6 | 3~
2794.6 + 1.5 27947406 | 27

& See also Table 19.24 in (1972AJ02).

b Observed via E., = 1232.240.2 and 1297.9+0.4 keV (transitions
1.51 — 0.28 and 1.54 — 0.24, respectively) (19711T02).

¢ (1970G109).

4. 15O(5Li, t)Ne Qum = —7.351

This reaction (and its mirror reaction ‘°*O(Li, *He)'F) have been studied at £(°Li) = 24 MeV
(1971BI106, 1972GA08) and 35 and 36 MeV (1972PA29). Observed states are displayed in Table
19.13. The population of states at £, = 4.593 + 0.006, 4.71, 4.78 and 5.09 MeV, in addition
to states previously reported in this reaction has been observed by (1973B102). For excitation
functions see (1973BI107) and (1978ENO06). See also (1976 WO1C, 1977MA2G), (1972BA1P,
1973FO1A) and (1973ST1D; theor.).

5. 160(19B, 7Li)'“Ne Qum = —9.344

This reaction, as well as the analog reaction [1°*O(1°B, "Be)'?F], have been studied at £('°B) =
100 MeV. On the basis of similar yields and £, and in addition to the low-lying analogs it is
suggested that the following pairs of states are analogs in '*F—(*?Ne): 8.98 (8.94), 11.33 (11.09),
12.79 (12.48), 14.15 (14.17), 14.99 (14.61) and 15.54 (15.40) [+100 keV]: however, problems of
energy resolution are evident (1976HAO06).

6. 10(12C, *Be)'"Ne Qm = —11.4297

At E(*2C) = 114 MeV, "Ne*(4.64) [J™ = %*] is relatively strongly populated (1972SC21,
1971SC1F).
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Table 19.26: Radiative decay of 1°Ne levels

E; JT E; JI | Branch Tm r,? Refs.
(MeV) (MeV) (%) (meV)

0.24 st 0 [i"] 100 26.6 == 1.2 nsec (1967BE14)
25.5 £ 1.0 nsec (1969BL02)
0.28 - 0 | 17| (100)> | 61.4+3.0psec (1970BHO2)
1.51 8- o |1 <3 (1970G109)
024 |37 ] 1243 (1970G109)
028 |17 | 88+3 41732 psec 0.17 £0.08 | (1970GI09)
1.4%9% A psec 4 (19711T02)
1.54 3F o || <6 (1970G109)
024 |37 ] 9543 28 + 15 fsec 24+% (1970G109)
28718 fsec d (19711T02)
028 | i~ 543 (1970G109)
1.62 - 0 [17] 2043 180 + 60 fsec 3.7+8 | (1970G109)
130 + 35 fsec (1977LE03)
024 |37 ] 10+3 (1970G109)
028 |17 | 70+4 (1970G109)
2.79 g 0 |17 <10 (1970G109)
024 | 37| 100 330 4 130 fsec 2.0%58 (1970G109)
140 + 35 fsec 4 (1977LE03)
028 |1+ | <10 (1970G109)
151 |37 | <12 (1970G109)
154 |37 <10 (1970G109)
162 |27 | <10 (1970G109)
403 |39 0o |17 80+15 < 50 fsec (1973DA31)
028 | 17| 545 (1973DA31)
154 | 37| 1545 (1973DA31)
414 | (9~ | 151 |37 | 100 < 0.3 psec (1973DA31)
420 | ()~ | 024 |37 | 20+5 (1973DA31)
151 |27 ] 80+5 < 0.35 psec (1973DA31)
4.38 i 024 | 37| 8544 < 0.12 psec (1973DA31)
279 | 97| 1544 (1973DA31)
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Table 19.26: Radiative decay of 1“Ne levels (continued)

E; JT E; JI | Branch Tm r,? Refs.
(MeV) (MeV) (%) (meV)
_ +
455 | (1, 3) 0 . 35425
< 80 fsec (1973DA31)
028 |17 | 65+25
4.60 (37) | 024 |37 90+5 < 0.16 psec (1973DA31)
154 | 37| 10+£5 (1973DA31)
4.64 18* 279 | 27| 100 > 1 psec (1973DA31)
5.00°| (2, 1)~ (1973DA31)
A = adopted.
 Total I,,.

b B(E1) = (1.06 + 0.05) x 10~3 W.u. (1970BH02).
< Decay not certain: possibly to *°Ne*(0.24, 1.62).
4 See also (1977LE03).

7. 1TO(3He, n)**Ne Qm = 4.299

Neutron-+ coincidence measurements lead to the determination of excitation energies [F, =
4032.9+2.4, 414044, 4197.14+2.4, 4379.1+2.2, 4549+4, 4605+5, 463544 and (5097+10) keV],
T, and branching ratios (see Table 19.26). On the basis of these it is suggested that “Ne*(4.14,
4.20) are the analogs of 'YF*(4.03, 4.00) [J™ = 2™, 7] and that *Ne*(4.55, 4.60) are the analogs
of 9F*(4.558, 4.555) [J™ = §+, 371: these assignments disagree with the reports from the **O(°Li,
t)1°Ne reaction [see reaction 4 and Table 19.13]. There is no evidence for a reported state at

E, = 4.78 MeV [see, however, reactions 4 and 14] (1973DA31).

8. YF(p, n)!Ne Qm = —4.0207

For a review of the threshold measurements see (1972AJ02, 1976FR13). Excited states of *’Ne
determined from ~-spectra are displayed in Table 19.25: for 7., and branching ratio measurements
see Table 19.26 (1970GI109, 19711T02, 1977LE03). Earlier neutron measurements are displayed
in Table 19.24 of (1972AJ02). The g-factor of 1*Ne*(0.24) = —0.296 + 0.003 (1969BL02). See
also (1974DELN).
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9. YF(3He, t)'“Ne Qum = —3.2570

At E(3He) = 26 MeV, angular distributions of the triton groups to **Ne*(0, 0.24, 1.54, 2.79)
have been obtained by (1970SC05); those to ?Ne*(0, 0.24) appear to proceed primarily via L = 0
and L = 2, respectively.

10. 19F(°Li, *He)'"Ne Qm = —6.748

At E(°Li) = 34 MeV the transitions to 1°Ne*(0, 0.24, 1.54, 2.79, 4.368 £ 0.010) have been
studied (1974GA11).

11. 20Ne(~, n)'*Ne Qm = —16.8653

See (1975W006) and °Ne.

12. 2°Ne(p, d)**Ne Qm = —14.6407

See (1972AJ02).

13. 29Ne(d, t)!°Ne Qm = —10.6080

See (1971IN1C; unpublished thesis).

14. °Ne(*He, a)'°Ne Qm = 3.7125

Alpha groups have been observed to *Ne states with £, < 10.6 MeV: see Tables 19.23 and
19.27. Angular distributions have been measured for E(*He) = 10 to 35 MeV: see (1972AJ02).
DWBA analysis of the strongest transitions leads to the [ and J™ values shown in Table 19.27.
Relative spectroscopic factors were also extracted. °Ne*(0, 0.24, 1.54, 2.79) are identified as
members of the K = %+ rotational band [with 1Ne*(4.38) as the %+ member: see, however, Table
19.13] and '"Ne*(0.28, 1.51, 1.62) with K = 1 band. Candidates for the 2~ and 2~ members
of the K = 3~ band are thought to be '°Ne*(4.15, 4.20). Possible matching of other '°Ne states
with those in *°F is also discussed (1970GA18). For lifetime and radiative decay measurements
see Table 19.26.
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Table 19.27: "Nelevelsfrom 2°Ne(®He, o)'?Ne ?

63

Ey (MeV + keV) e | Jd | c28¢
(1970GA18) | (1972HA03)P
0 0 o
0.238 % 10 0.2397 £ 28h 5T | 104
0.273 £ 10 0.2766 £28" | 1 3 1.96
1.5040 +3 8 (57)
1.524 420
1.5324 438 2 ()t | 073
1.615 £ 10 1.6115+3¢ 1 (3)- | 021
2.793 £ 10 2.7917+3 | 4,51 | (7))
4.036 £ 10 2 | (35"
41424101
4.200 =+ 10
4.379 410
4.551 410 1 (5.3
4.625 + 10
4.712 £ 10
4.783 £ 20
5.093 + 10 5.086 + 10
5.351 + 10 0 7 oo
5.426 + 10 5.423 + 10
5.463 & 20
5.545 & 10 5.517 + 20
5.831 £ 10 5.837 + 20
6.012 + 10 6.014 + 10 1 (3.3 | 362
6.089 == 10 6.104 + 15
6.149 + 20
6.290 = 10 6.289 + 10
6.433 & 20 6.438 + 10
6.774 + 10 6.741 £ 10 1 ]34
6.866 =+ 10 6.858 + 10
7.064 £ 20 7.068 £ 10
(7.178 £ 15)
7.253 £ 10




Table 19.27: Ne levelsfrom 2°Ne(®*He, «)'*Ne  (continued)

E, (MeV + keV)

(1970GA18)

(1972HA03) P

In€

J7rd

Cc%se

(7.326 £ 15)
(7.531 & 15)
7.614 £ 20
7.700 & 10
(7.788 & 10)
7.994 + 15
8.063 + 15
8236+ 10"
8.440 + 10
8.523 £+ 10
(8.810 =+ 25)
8.915 + 10
9.013 + 10
9.100 £ 20
9.240 + 20
9.489 + 25
9.886 + 50!
10.407 + 301
10.613 4 20

& See also Table 19.25 in (1972AJ02).

b See also (1971HA2F).

© (1970GA18).

4 (1970GA18, 19670L05).
¢ (1970GA18, 1972ENO03).
£4.152 4 15 (1967GR04), 4.160 + 20 (19670L05).
& The energy separations within each multiplet are fixed at the
values determined by (1968GUO07).
h 2384 and 274.8 + 0.3 keV (19670L05), 238.34 + 0.15 and
275.30 + 0.2 keV (1970BH02).

I Unresolved states.

i (1969BA62).
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15. 2Y(p, t)**Ne Qm = —15.145

At E, = 45 MeV triton groups are observed corresponding to ?’Ne*(0, 0.24, 2.79, 4.03,
7.620 % 0.025). The latter has an angular distribution [Z = 0] similar to that for **F*(7.66): both
are thought to be the analogs of the J™; 7' = 37; £ 0.096 MeV first excited state of'°O. The ground
state of O has J™ = §+; L for the tritons to that state should be 2 (1969HA38). At E, = 40
MeV the ground-state angular distributions in this, and in the (p, *He) mirror reaction, have been
compared: see 1°F (1976NA18).

19Na
(Fig. 8)

This nucleus has been observed in the 2*Mg(p, *He)'°Na reaction (1969CE01; E, = 54.7
MeV) and in the 2*Mg(®He, ®Li)!°Na reaction (1975BE38; E(*He) = 76.3 MeV). The latter
experiment leads to an atomic mass excess of 12.928 4= 0.012 MeV for °Na in its ground state. In
addition, an excited state is observed at £, = 120 4+ 10 keV (1975BE38). Assuming the atomic
mass excess listed above, 1?Na(0) is unstable with respect to breakup into '8Ne+p by 32013 keV.
See also (1972CE1A, 1976BE1L, 1976JA23), (1975BE31, 1977SH13; theor.) and (1972AJ02).

19M g
(Not illustrated)

9Mg has not been observed: for estimates of its mass excess see (1976WA18).
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