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72. 160(120 12c)160

The elastic scattering has been studied at £(*°0O) up to 168 MeV: see reaction 64 in (1971AJ02)
and Table [16.25 here. The scattering to 10*(6.05, 6.13, 6.92, 7.12, 8.9, 10.3) has also been
studied [see Table[16.25] (1973GU12, 1976SP01) and the populations of 160*(11.1) (1975SH24)
and 60*(15) have been reported. See also (1970R0O23). Most of the studies of
this reaction have involved yield measurements as they apply to compound structures in 28Si:
see (1978ENO06) and (1972MA29, 1972ST09,/1973MALN, 1974MAIL, 1975MA2C, 1975SH24,
1976CH13, 1976CHL1Y, 1976EY01, 1976SP03). For spallation experiments see (1974WI105).

See also (1972MA1P, 1975HA1X, 1975PI11C), (1969HEO06, 1972GALE, 1973BR1C, 1973PA1J,
1973PE1D, 1973ST1F, 1973ST1A, 1975GR41, 1975V01B), (1973AR1E, 1973CL1E, 1974COLL,
1976CU04; astrophys.), (1970AN1D, 1971DA30, 1972BA73, 1972CH1E, 1972G01G, 1972NA14,
1972RI103, 1973DEA40, 1973FE1G, 1973L002, 1973SA1K, 1974GALL, 1974SA1M, 1974VEQ5,
1974WAO02, 1975CHO08, 1975K101, 1975PE03, 1975SW1A, 1975VE12, 1976CH1X, 1976Y001;
theor.) and (1971AJ02).

73. (a) 160(13(:’ 13c)16o
(b) 160(14(:' 14c)160

The elastic scattering has been studied at E(**C) = 36 MeV (1976 WE21). See also (1974BE1J,
1975RA33; theor.). The elastic scattering in (b) has been studied at £(*0) = 20, 25 and 30 MeV
(1975SC35).

74. (a) 160(14N, 14N)160
(b) 160(15N, 15N)160

The elastic scattering angular distributions have been studied at £(**N) and E(*N) = 25 MeV
(1971BO1U), at E(*N) = 79 MeV (1976M003) and at E(*IN) = 155 MeV (1975NA15). For
yield measurements see (1974ST1N, 1973G001, 1976ST12) and 3°P and 3!P in (1978EN06). See
also (1975VO1B) and (1973KA46, 1974BA40, 1975M023; theor.).

75. 160(160 160)160

The angular distributions of elastically scattered 'O ions have been measured with £(*°0) up
to 140.4 MeV: see reaction 66 in (1971AJ02) and Table 16.25 here. See (1973G0O01) for a general
study of the elastic scattering. The angular distributions corresponding to the excitation of the first
four excited states of 1°O have been studied at £(*0) = 51.5 MeV (1974R004) and at 140.4 MeV
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(1962W109). The astrophysical import of the cross section for elastic scattering (and of the total
reaction cross section) has been studied by (1974SP06). For other yield measurements see 32S in
(1978ENO06) and (1974HA44, 1974R004, 1974VA18). See also (1973RE13).

See also (1971PU1B), (1969HE06,1973BR1C,[1973PE1D, 1973ST1A,1974ST1L,1975V0O1B),
(1971WOL1E, 1973ARL1E, 1973CL1E, 1974AR1G, 1974COLL, 1976AR1H; astrophys. ques-
tions) and (1970AN1D, 1970M035,/1971EC01, 1971FL08, 1971GR1W, 1971HE16,/1971MC03,
1971INELC, 1971RA1C, 1971RA1G, 1971RE?21,1971T011,/1971TO09, 1972AL46, 1972AR11,
1972FL11, 1972M022, 1972PE12, 1972RE14, 1972SEQ1, 1972TA30, 1972YU01, [1972YU02,
1973B0O06, 1973FI107, 1973FU14, 1973L002, 1973PA20, 1973SC1K, 1973VO1H, 1974FL1C,
1974FR06, 1974GAI1L, 1974GL05, 1974KN06, 1974KO1N, 1974MOL1E, 1974SC1J, 1974TA16,
1974VEO05,/1974WA02,/1974YA11, 1975AN1F, 1975BR13,1975CU1B, 1975DE02, 1975FU10,
1975KUO09, 1975MA2B,/1975PH02, 1975SW1A,1975TO1D,/1975TO1E,/1976BA07, 1976 CH1X,
1976CU01, 1976FELG, 1976G012, 1976JA1F, 1976K009, 1976SA1N, 1976SA1E, 19767101,
theor.).

76. (a) 160(170' 170)160
(b) 160(180’ 180)160

Angular distributions of elastically scattered ions have been studied at £(160) = 24, 28 and 32
MeV (1973GE04) and E(*"0) = 53.0, 57.1, 61.5 and 66 MeV (1975KA24) [reaction (a)] and at
E(*%0) = 24, 28 and 32 MeV (1972GE18), 31.5 and 42.0 MeV (1975RE15), 39.9, 44.8, 49.9 and
54.8 MeV (1972S116) and 41.8 and 51.9 MeV (1974VA22: also '60*(6.1)), and at £(**0) = 53.1,
57.4,61.6, 76.5 and 89.3 MeV (1975KA24). See also 170, and **0 in (1978AJ03).

See also (1973FI1C,1974GO1L,/1975VO1B) and (1973BA2F, 1974BA46,1974BE1J, 1974B0O13,
1974YUO01, 19751M04, 1975WOLE; theor.) [reaction (a)] and (1973FI1C, 1973VOL1E, 1975VO1B)
and (1973BO1H, 1973MC1D, 1974GE02, 1974KU1E,|1975GR41,11976GL08,/19761M01, 1976 OHO03;

theor.) [reaction (b)].

77. 160(19 F, 19 F)lﬁo

Angular distributions of elastically scattered ions have been studied at £(°0) = 21.4 and 25.8
MeV (1975M031) and at E(*F) = 33 and 36 MeV (1973GA14). See also '°F in (1978AJ03),
(1973VOL1E, 1975V01B) and (19760HO03; theor.).

78. 160(2°Ne, 2°Ne)'60

Elastic scattering angular distributions have been measured at £(*°0) = 40.7, 51.1 and 59.4

MeV (1975Z11C).
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79. 70(p, d)'50 Qm = —1.918

Angular distributions for the ground state deuteron group have been studied at £, = 8.62, 9.56,
10.5, 11.16 and 11.44 MeV (1975CRO05). At E,, = 31 MeV, angular distributions are reported for
the deuterons corresponding to °0*(0, 6.05 + 6.13, 7.12, 8.87, 10.35, 12.97, 13.26). States at
E, = 15.22 and 15.42 MeV were also observed. Spectroscopic factors were obtained from a
DWBA analysis (1970MEQ1).

80. 170(d, 1)1°0 Qum = 2.115

At E; = 52 MeV the spectrum at 10° is dominated by O0*(0, 6.13, 8.87, 12.97, 13.26,
18.97, 19.79). '60*(18.97, 19.79) are assigned J™ = (4); T = 1 and (4); 0, respectively.
Spectroscopic factors are given for various of the 10 states (1974MA23). See also reaction 29 in
16N, (1973WA1E) and (1975HS01,1976SC1H; theor.).

81. I"O(*He, a)'%0 Qm = 16.436

Angular distributions to many states of 10 have been observed at E(*He) = 11 MeV: see
Table [16.22| for I- and S-values (1971B002). At E(*He) = 36 MeV the widths of °0*(18.97,
19.79) are < 16 and < 37 keV, respectively (1974D0O1J). See also (1976 WA1Q) and (1971AJ02).

82. (a) 80(p, t)*°O Qm = —3.7070
(b) **O(p, pt)*°N Qm = —15.8347
(c) BO(p, t)'2C Qm = —6.2274

Angular distributions of tritons (reaction (a)) have been measured for E,, to 43.7 MeV: see
(1971AJ02) for the earlier work and (1974FL09: E, = 20 MeV, t, — t5, t7), (1974P105: E, =
20.0,24.4,29.8,37.5,43.6 MeV, t 49, t314, 15, ts), (1973P109: E, = 24.4 MeV (polarized protons);
to, ligo, I3 — 15, t7, tg) and (1972AD10 Ep = 41.7 MeV, 1y, tigo andtto 160*(11.26, 12.05, 16.33,
22.72)). See also (19700L1B). Most of the states are more strongly populated than expected on
the basis of simple calculations: it is suggested that complete coupled channels calculations may
be necessary [see (1974FL09, 1972AD10)]. The population of 60*(22.7, 24.5) is consistent with
L = 0 and 2, respectively, and with assignments of 7" = 2, J™ = 0% and 2" (1964CE05). A
study, at £, = 43 MeV, of decay of the first 7" = 2 state at £ = 22.72 MeV shows that it decays
via proton emission [reaction (b)] with branchings of 25 4 6%, 22 + 5% and 15 + 5% to >N*(0,
5.27 + 5.30, 6.32). The a-decay [reaction (c)] is not observed: the branchings to *2C*(0, 4.4) are
1.1 +4.0% and 0.0 £ 3.4%. The remaining decay modes have not been determined (1973K002).
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See also (19735007, 1974MC1F, 1975CH18, 1975H006, 19751B01, 1975SE09; theor.) and '°F
in (1978AJ03).

83. 180(v, 6He)'¢0 Qum = —11.218

Angular distributions have been measured at £, = 58 MeV to 1°0*(0, 6.1, 6.92, 7.12). Groups
at £, = 10.4, 13.3 +£ 0.1 and 16.3 = 0.1 MeV were also observed. The cross sections are about a
factor of 20 smaller than in the 8O(p, t) reaction but the angular distributions are consistent with a
direct transfer mechanism (1975VA01). See also (1975VALF).

84. 180(180, 2°0)160 Qm = —0.628

See (1972EY01,/1976KU1F) and 2°0 in (1978AJ03).

85. (a) "F(p, »)'°O Qu = 8.1148
(b) F(p, 2d)'°O Qm = —15.733

Angular distributions have been reported at many energies to £, = 44.5 MeV: see Table 16.30
in (1971AJ02) and (1964BR12: E,, = 2.06 to 3.30 MeV; o) and (1975BU1B: E, = 13.5 to 18.0
MeV; ayp). Observed states of 160 are displayed in Table 16.31 in (1971AJ02).

\ery accurate ~-ray measurements are reported by (1967CH19) [see reaction 55] and (1970GA09)
[the E., of the 8.87 — 6.13 transition is 2741.5+0.5 keV]. The EO transition (6.05 — 0; 0T — 0%)
has been investigated in some detail: the internal conversion to pair production ratio (4.00+0.46) x
1075 (1963LE06). The ratio of double v-emission to pair production I'eipt/Tror) < 1.1 x 1074
(1964AL18), (2.5 4+ 1.1) x 10~* (1975WA20). The T, for 150*(6.05) = 96 + 7 psec (1973BI17).
An attempt to observe a scalar boson produced in the decay of 10*(6.05) was unsuccessful; to-
gether with other results it demonstrates that the mass of such a boson cannot be 1.030 < m < 18.2
MeV (1974KO1Q).

160*(6.13) has also been studied extensively: |g| = 0.55 + 0.04, 7, = 26.6 + 0.7 psec
(1973BR31). A search for double positron-electron pair creation by the 6.13 MeV ~-ray was
unsuccessful: the ratio of the cross section for production of such a double pair to the cross section
for formation of a single pair is —(2 +5) x 10~° (1972W109). See also (1971BE60, 1972VA1H,
1976KAIN). For ~-ray branching ratios and I'., for these and other transitions see Table [16.15.
See also (1971AJ02) and 2°Ne in (1978AJ03).

Seealso (1973LI1F,1974KR1D), (1971ST06,1973G0O1M, 1973GO1N, 1974L0O1B) and (1974LE1H,
1975BU1H, 1975GO1T, 1975SW1B; applications). For reaction (b) see (1971DELF).
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86. 1F(*He, SLi)'60 Qum = 4.095

Angular distributions have been measured at £(*He) = 22.4, 30 and 40.7 MeV (19720H01;
g.s.), 28 MeV (1970KL09; g.s. of 160 and various °Li states) and 40.7 MeV (1971DE14; to
160*(6.13, 6.92, 7.12, 8.87, 11.0, 12.5, 13)). See also (1972Y002).

87. 19F(a, Li)'60 Qum = —9.233

The ground state angular distribution has been measured at £, = 42 MeV (1968MI105).

88. (a) 2°Ne(v, )0 Qm = —4.7313
(b) 2°Ne(p, pa)'®O Qu = —4.7313

For reaction (a) see (1975SK06) and **Ne in (1978AJ03). See also (1973CL1E; astrophys.).
For reaction (b) see (1967CHO04).

89. 20Ne(d, 6Li)!°0 Qm = —3.2576

Angular distributions have been studied at £4 = 40 MeV (1973KI1C, 1974EP1B; to *60*(0,
8.87)). See also (1975BEOQ1: quote data at 36 MeV). At Ey = 55 MeV, 6§ = 16°, the spectrum is
dominated by '°0*(0, 6.1, 6.9, 9.85). 60*(8.87, 10.35) are also observed (1971MC04). See also
(1975CO1N).

90. 2°Ne(*He, "Be)'50 Qm = —3.145

At E(3He) = 30 MeV angular distributions involving 10*(0, 6.1) and the first two states of
"Be are reported by (1970DO1H). See also (1971DE37: E(*He) = 41 MeV), (1975AU01) and
(1973KL1B; theor.).

91. 20Ne(a, 20160 Qum = —4.7313

At E,, = 78.6 MeV the reaction goes predominantly to '°O, ; with a small yield to *°0*(7.1).
Quasifree oo — « scattering plays an important role in the reaction (1974EP01).

92. 28Si(a, 190)'°0 Qm = —9.5928
See (1967VALS).
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16|:
(Figs. 4 and 5)

GENERAL: (See also (1971AJ02).):

See (1972JA14, 1973LA1G, 1973LA1H,1973RO1R, 1974VA24,1975BE31).
1. (@) “*N(®*He, n)'SF Qm = —0.969

(b) ““N(®*He, np)'*0 Qm = —0.421

Observed neutron groups and L-values derived from angular distribution measurements are
displayed in Table[16.28/[(1973B050); E(3*He) = 13 MeV]. See (1971AJ02) for the eariler work.
See also (1971ADZZ, 19750T01). For reaction (b) see (19760T02) [Table 16.28], (1973AD02)
and '"F.

2. 150(p, n)'SF Qm = —16.212

Observed neutron groups are listed in Table|16.28 (1971M034). See also (1971BE46, 1971TH1D),
(1974MOQ06; theor.) and (1971AJ02).

3. 160(3He, t)16F Qu = —15.448

Observed triton groups are displayed in Table [16.28 (1965PE04). Comparisons of relative
populations of the first four states in this reaction and in the analog reaction (°O(t, He)!°N) to
known states in '°N [see reaction 28 in ®N (1974FL06)] suggest that 1F*(0, 0.20) are 0~ and 1~
and that 1°F*(0.42, 0.72) are 2~ and 3~ (the relative ordering of the J™ is ambiguous). (1965PE04)
suggest, on the basis of angular distributions, that the ordering is J™ = 0—, 1, 2=, 3~ for the first
four states of 'N. At £(*He) = 73 MeV the spectrum is dominated by a very large peak at £, ~ 7
MeV (1975GOLL; abstract). See also (1976CE1G, 1976 MO1P).

4. F(3He, He)'6F Qm = —14.845

This reaction has been studied at £(3He) = 70 MeV (1976MO1P).
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Table 16.27: Energy levels of F

E, (MeV +keV) | J*;T | I'cw. (keV) | Decay | Reactions
0 1)1 40420 p 1,2,3
0.194+9 (0)~ < 40 p 11,23
0.424 + 5 (2)- 40 £ 30 p 11,23
0.720 + 6 (3)~ <15 p 1,2,3
3.763 £ 8 1+ <40 p 1,3
3870+ 7 @t <20 p 1
4372+ 7 50 4+ 20 p 1
4.653 £ 7 1t 60 + 20 p 1
4973 + 10 T =+ 1
5.264 + 20 1
5.390 £ 20 ™=+ 1
5.448 4 20 1,3
5.528 £+ 20 T =+ 1
5.840 + 40 1,3
6.230 £ 50 1
6.371 £+ 20 1,3
6.678 £ 10 1
7.110 + 20 1, (3)
7.730 £ 40 1
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Table 16.28: 15F levels from 1“N(3He, n)!F, 15O(p, n)!°F and °*O(*He, t)'°F 2

16+ b b 16+ ¢ grd 16+ e 16+ f [, 8 | Jth
(MeV £ keV) (MeV =+ keV) (MeV £ keV) | (MeV +keV) | (keV)

0 1 0 1) 0 0 40+20 | ()~
0.192 + 15 1 | 0.190420 (07) 0.197 + 12 i 40 0)~
0.425 £+ 15 3 0.425+ 10 >2) 0424 +5 i 40+£30 | (2~
0.722+10 | (3) | 0.725+10 =2 0.720 £ 6 i <15 (3)~
3.751 + 10 0 3.775+ 10 (D i < 40 1+
3.861 + 10 2 3.880 + 10 < 20 2"
4.370 + 10 4.375 + 10 =2 4.25 £ 50 50 £ 20
4.646 £+ 10 0 4.661 £ 10 60 4+ 20 1"
4.973 + 10 2 ™=+
5.264 4 20
5.390 £ 20 2 5.45 £ 50 ™=+
5.448 £+ 20
5.928 £ 20 2 ™=+
5.840 + 40 5.9+ 50
6.230 £ 50
6.371 &+ 20 6.4 &+ 50
6.678 + 10
7.110 £ 20
7.730 £ 40

& See also Table 16.33 in (1971AJ02).

b 14N(3He, n)'6F (1973B0O50; F(*He) = 13 MeV).

¢ 14N(3He, np)'50 (19760T02; E(*He) = 6.5 — 7.8 MeV).
4 From angular correlation studies (19760T02).

¢ 16Q(p, n)1SF (1971MO34; E = 23.9 MeV).

F160(3He, t) (1965PE04; E(*He) = 40.2).

& 1N(3He, n)'F (1965ZA01, 19760T02).

h See (1965PE04|,1973B0O50)1974FL06,/19760T02).

! These states were observed but E, was not determined.
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16Ne
(Fig. 5)

6Ne has not been observed. The isobaric multiplet mass equation predicts M — A = 25.154:0.6
MeV (1968CE1A); °Ne is then unbound with respect to breakup into 4O + 2p by 2.6 MeV: see
(1971AJ02) for the earlier work. See also (1972WAOQ7) and (1975BE31; theor.).
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