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16He
(Not illustrated)

This nucleus has not been observed. See also (1982AV1A, 1983ANZQ; theor.).

16 Be
(Not illustrated)

This nucleus has not been observed. Its atomic mass excess is calculated to be 59.22 MeV. It
is then unstable with respect to breakup into “Be + 2n by 2.98 MeV: see (1974TH01, 1986AJ01).
The first three excited states with J™ = 2+, 4%, 41 are calculated to be at 1.90, 5.08 and 6.51 MeV
ina (0 + 1)hw space shell model calculation (1985P010). See also (1983ANZQ; theor.).

IGB
(Not illustrated)

This nucleus has not been observed in the 4.8 GeV proton bombardment of a uranium target:
it is particle unstable. Its mass excess is predicted to be 37.97 MeV: it would then be unstable
with respect to decay into B + n by 0.93 MeV: see (1982AJ01, 1985WA02). The ground state is
predicted to have J™ = 0~ and the first three excited states are predicted to lie at 0.95, 1.10, and
1.55MeV [J™ =27,37,47]ina (0 + 1)hw space shell model calculation (1985P010). See also
(1983ANZQ; theor.).

16C
(Figs. 1 and 5)
GENERAL.: (See also (1982AJ01).)
Nuclear models: (1982LA26, 1984SA37).

Complex reactionsinvolving 1°C: (1982FI110, 1983FR1A, 1983WI1A, 1984HI1A, 1985P011,
1986CS1A).

Hypernuclei (States observed in the *O(K~, =) reaction at Ex- = 450 MeV/c are interpreted
as due to the recoil-less production of X~ particles in the p3,, and p;/» orbits of the {°C hyper-
nucleus (1985BE31).): (1982DO1L, 1982PI102, 1983BAL1Y, 1984AS1D, 1985BE31, 1986MI1N,
1986Z01A).

Other topics: (1984P0O11, 1985AN28, 1985BA51, 1985FL1D).
Ground state properties of 1°C: (1983ANZQ, 1984FR13, 1985AN28).



Table 16.1: Energy Levels of 1°C

E, (MeV =+ keV) JoT 712 (sec) or I' (keV) | Decay | Reactions
0 0t:2 Tie =0.747+£0.008 | 3~ | 1,2
1.766 + 10 2+ vo|2
3.027 £ 12 (0F) () |2
3.986 + 7 2 vy 2
4.088 £ 7 3+ ol 2
4.142+7 4+ ¥ 2
6.109 + 15 (2F,37,4%) I <25 2

1.16C(57)16N

The half-life of 15C is 0.747 +0.008 sec: it decays to '°N*(0.12, 3.35,4.32) [J™ = 0, 1T, 1]
see Table 16.2. See also (1983SNO03) for a discussion of the decay of '°C to 1T states in *N and

Table 16.2: The 3~ decay of 1°C

Decay to 1°N* | J~ Branch log fot
(MeV) (%)
0.120 0~ | 0.6873% 2 6.70106%
0.298 3” <05P > 6.83
0.397 1~ <0.1% > 7.46
3.35 17 | 84.44+1.7% | 3.551 £0.012
4.32 17 | 156+ 1.7 | 3.83+£0.05

2 (1983GA03). See also (1984GA1A).
b (1976AL02).

Qu = 8.012

(1985K106; theor.).

2 14C(t, p)'oC Qm = —3.013

States of 1°C observed in this reaction are displayed in Table 16.3 of (1982AJ01) and in Table

16.1 here.




16N
(Figs. 2 and 5)

GENERAL.: (See also (1982AJ01).)
Model calculations: (1984BA24, 1984KA1H, 1984VA06).

Complex reactionsinvolving N: (1981ME13, 19810L1C, 1983EN04, 1983FR1A, 1983MA06,
19830L1A, 1983PL1A, 1983SA06, 1983WI1A, 1984GR08, 1984HI1A, 1984H0O23, 1984KA1H,
1985BE40, 1985P011, 1986HA1P).

Reactions involving muons nad neutrinos (See also reaction 14.): (1981GM02, 1981TO16,
1983EG03, 1983JA10, 1984JA06, 1984KI109, 1984NO03, 1984SR05, 1985CH04, 1985D004,
1985N010, 1986GMO03, 1986MC02, 1986N0O04, 1986RO06).

Reactionsinvolving pions (See also reaction 15.): (1981GMO03, 1981RA16, 1982DE14, 1982GI112,
1983AS01, 1983ER02, 1983ER1C, 1983MO1J, 1984AS05, 1984KA31).

Hypernuclei: (1982KA1D, 1983CH1T, 1983FEQ7, 1983SH1E, 1984AS1D, 1984CH1G, 1984ZH1B).
Other topics: (1982BR08, 1985AN28).

Ground state properties of 1°N: (1983ANZQ, 1985AN28).

For a comparison of analog states in 1°N and 'O, see (1983KE06, 1983SNO03).

1. 16N(37)160 Qm = 10.419

The half-life of N is 7.13 & 0.02 sec: see Table 16.3 in (1971AJ02). From the character of
the beta decay [see Table 16.21] it is concluded that '°N, ; has J™ = 27 see '°O. The 3-decay of
16N*(0.12) [J™ = 0] to 'O, ;. has been studied. The /-decay rate Az = 0.45 £ 0.05 sec™* which
implies gp/ga = 11 + 2 (1983GA18); A\s = 0.48 £+ 0.024 sec™!, gp/ga = 11 — 12 (1985HA22).
(1985HE08) recalculate A5 = 0.489 +0.02 sec™! and suggest that pion exchange currents must be
included in the nucleon exchange current. See also (1982AJ01, 1982GA05) and (1983M120). The
half-life of 1°N*(0.12) is 5.26 4= 0.06 usec [see (1982AJ01)], 5.40 £ 0.05 usec (1983M120). See
also (1984GA1A, 1985MI1A) and (1981TO16, 1983JA10, 1983RH1A, 1984HO1L, 1984JA06,
1984N003, 1985D004, 1985T020, 1986MC02, 1986NO04, 1986RO06; theor.).

2. "Li(*'B, pn)!SN Qm = 2.532

Gamma rays with E., = 120.42 +0.12, 298.22 4 0.08 and 276.85 4 0.10 keV from the ground
state decays of “N*(0.12, 0.30) and the decay of the state at 397.27 4= 0.10 keV to the first excited
state have been studied. 7, for *N*(0.30, 0.40) are, respectively, 133 & 4 and 6.60 4= 0.48 psec
(1983K001).



Table 16.3: Energy Levels of '°N

E, (MeV + keV) JT Tor e (keV) Decay Reactions
0 27;1 Ti/2 = 7.13 £0.02 sec 67 11,2,4,57,9, 10, 12, 15,
16, 17, 18, 19, 21, 22
0.12042 + 0.12 0~ Tm = 7.58 £0.09 usec | v, 6~ | 1,2,4,5,7,9, 12, 13, 14,
15, 16, 17, 18, 21, 22
0.29822 + 0.08 3~ 131.7 + 1.9 psec vy 2,4,5,7,8,9, 12, 15, 16,
17,18, 19, 21, 22
lg| = 0.532 £ 0.020
0.39727 + 0.10 1~ Tm = 5.63 + 0.05 psec v 2,4,5,7,9,12,14, 15, 16,
17,18, 21, 22
g=—1.83+0.13
3.3528 £ 2.6 1+ ['=154+5 n 4,5,7,9, 11, 12, 13, 18,
19,21
3.0227+2.6 2% 3 n 4,5,7,9, 11, 12, 18, 19,
21
3.9627 4+ 2.6 3t <2 n 4,5,7,8,9,11,12, 18, 19,
21
4.3204 £ 2.7 1+ 20+ 5 n 4,7,9,11,12,13
4.3914 £ 2.7 1~ 82 4+ 20 n 4,5,7,9,11,12
4.76 £ 50 1~ 250 + 50 n 9,11,12
4.7828 & 2.7 2" 59 £8 n 4,5,7,9,11,12
5.0537 + 2.7 2- 19+6 n 4,7,9,11,12
51294+ 7 >2° <7+4 n 4,5,7,9,11,12,19
5.150 £ 7 (2,3)" <7+4 n 4,5,7,9,11, 12,19
5.2301 £ 2.6 3t <4 n 4,7,9,11,12,21
5.25 £ 70 2 320 + 80 n 9,12
5318+ 3 1" (260) n 4,11
5.5216 £ 2.5 3t <7+4 n 4,5,7,9, 11, 12, 18, 19,
21
5.7317+ 2.5 (57) <7+4 n 4,5,7,8,9,11, 12,18, 19,
21
6.003 + 3 1~ 270 + 30 n 4,9,11,21
6.1707 £ 2.4 (47)» <7+4 n 4,5,7,9, 12, 16, 18, 19,
21




Table 16.3: Energy Levels of °N (continued)

E, (MeV + keV) JT Tor e (keV) Decay Reactions
6.3739 + 2.8 (37) 30+ 6 n 4,5,9,11,12,19,21
6.426 + 7 300 4+ 30 9,12
6.5054 + 2.8 1" 34+6 (n) |4,911,12,21
6.6085 + 2.8 4) <7+4 4,5,9,12,21
6.845+ 4 <7+4 57,912,21
(6.84) > 2 > 140 n 11
7.02 420 1t 22+5 n 9,11,12,21
7134 +7 <744 7,9,12,21
7250 £ 7 > 2 17+5 n 50911,12,21
7572+ 4 > 3P <7+4 n 57,8,9,11,12,21
7.637+4 (3,4,5)F P <T7+4 57,8,9,12,21
7.674+4 (b) <7+4 n 5,7,9,11,12,19, 21
7.877+9 >4 100 £ 15 n 59, 11,12, 16,21
8.048 +9 85+ 15 n 911,21
8.199 +5 (3,2)" 28 +8 7,921
8.282 4+ 8 24 +8 921
8.365 + 8 >1 18+ 8 n 5911,21
8.49 £+ 30 >1 <50 n 11,21
8.72 >1 40 n 11
8.819 + 15 <50 n 511,21
9.035 + 15 <50 21
9.16 + 30 > 2 100 n 11,21
9.34 £+ 30 <50 n 11,21
9.459 + 15 > 2 100 n 5,11,19,21
9.760 £+ 10 T=1 15+8 57,21
9.813 £ 10 T=1 7
9.928 £ 7 0t T =2 <12 7,20
10.055 £ 15 >3 30 n 511,21
10.37 £ 40 > 2 165 n 511
10.71 > 2 120 n 11
11.16 =40 5




Table 16.3: Energy Levels of °N (continued)

E, (MeV + keV) JT Tor e (keV) Decay Reactions
11.49 >3 n 11
11.61 >3 220 n,d | 611
11.701 + 7 17,25, T =2 <12 7
11.75 £+ 40 < 50 5
(11.92) 390 n,d |6
(12.09) n 11
12.39 £+ 60 290 n,p,d|56
12.57 £ 60 180 n,p,d|56
12.88 155 n,p,d|611
(12.97) 175 n,d |6
13.11 4+ 60 n,(d) | 5,611
13.83 n 11
14.36 £+ 50 (3)* 180 d 5,6
@ See also Table 16.4.
b See also Table 16.5.
3. (a) ?Be("Li, t)'3C Qum = 8.180 Ey =20.572
(b) °Be("Li, )'’B Qum = 10.460
(c) ?Be("Li, 8Li)*Be Qm = —17.611
See (1982AJ01).
4, 19B("Li, p)!°N Qm = 13.986
See Table 16.4 and (1982AJ01).
5. 13C(a, p)!°N Qum = —7.421




Table 16.4: States of °N from °B("Li, p) ®

B, " (MeV) Je E. " (MeV) Je
0 5.142 c
0.124 5.230 f
0.296 5.318 0,1
0.400 5.525 4,3¢
3.352 c 5.734 h
3.524 c 6.002 1t
3.964 c 6.172 i
4.321 c 6.374 c
4.392 c 6.504 c
4.785 c 6.608 4
5.054 1,24

2 (1984F007); angular distributions at £("Li) = 16.0 MeV. See
also reaction 3 in (1982AJ01).

b +3 keV.

¢ Based on the assumption that the angle-integrated cross section
is proportional to 2.J + 1. States labelled ¢ have J consistent with
known values.

4'If a doublet, J = 1 and 0.

¢ Doublet: The sum of the two J = 7, 8 or 6. (1984FO07) suggest
4+ (5%, 3%) for J™ of 6N*(5.13) and 3 (27) for the J™ of
16N*(5.15) with the combination 3+, 2~ extremely unlikely.

f Narrow state.

& If a doublet, and if one state is 3™, the second member would
have J = 0.

h'1f a doublet of which one member is 5, the other would have
J=2(1,3).

1 (1984F007) suggest an unresolved doublet: one of th states is a
4~ state, the other has J = 2, 1.

3 J = 4, if asingle state.



Table 16.5: States of °N from 3C(«, p) ®

E, (MeV) E, (MeV) E, (MeV) E, (MeV)

0 5.144+0.04" 75721 10.07 £0.04
0.120 5.522 7.6371 10.37 £0.04
0.298 5.732 7.6741 11.16 £ 0.04 ¢
0.397 6.171 7.877°¢ 11.7540.04 @&
3.353 6.374 8.39 +0.03 12.39 4 0.06
3.522 6.609 ° 8.82 +0.03 12.57 4 0.06
3.963 6.845 ¢ 9.46 4+ 0.03 13.11 4 0.06
4.391 7.2504 9.774+0.03 14.30 4 0.06
4.783

2 (1983HA32); E,, = 34.9 MeV; DWBA analysis.

b Unresolved.
¢ Very sharp.
AT =17 keV.
¢T =100 keV.
f Suggested J ™

(47, 5T), (47), (57) for 15N*(7.57, 7.64, 7.67), respectively.

& T" < 50 keV; not to be identified with the T' = 2 state at 11.70 MeV.

10




160
(Figs. 3and 5)

GENERAL: (See also (1982AJ01).)

Shell model: (1978WI1B, 1981AN18, 1981BR16, 1981CO1X, 1981DE2G, 1981F012, 1982ABO05,
1982BR08, 1982HA19, 1982RA1N, 1982RE05, 1983DE37, 1983GL05, 1983GL1B, 1983MI126,
1983VA31, 1983WA17, 1983WA23, 1984BA04, 1984B0O11, 1984CL10, 1984FA1F, 1984JA09,
1984MA11, 1984PRZY, 1984SA26, 1984VAQ6, 19842104, 1984ZW1A, 1985AD04, 1985AN16,
1985CA26, 1985EL12, 1985G0O1X, 1985KL04, 1985M123, 1985PH01, 1985YEQ2, 1986DR04).

Collective, deformed and rotational models: (1981DE2G, 1982AB05, 1982BR08, 1982KU 1K,
19820S1C, 1982PALE, 1982RA1N, 19831K02, 1983MA29, 1983SC08, 1984BA04, 1984BU25,
1984CA1X, 1984DHO03, 1984FL04, 1984SA37, 19847104, 1985BA11, 1985EL12, 1985R0O1G,
1986SU01).

Cluster and a-particlemodels: (1981AG1B, 1981FU1G, 1981KN12, 1981MA1G, 1982KI1C,
1982KU1F, 1982PA1E, 1982SM1C, 1982SU1B, 1982VAL1l, 1983CA12, 1983FU1D, 1983GI06,
1983GL05, 1983JA09, 1983KA39, 1983P103, 1983SH38, 1983UE1B, 1984AU14, 1984BA04,
1984BA48, 1984DHO03, 19841K01, 19840K04, 1985BA26, 1985EL12, 1985KW02, 1985VOLE,
1986SU01).

Soecial states: (1978WI11B, 1981DE2G, 1981ME1H, 1981SP1D, 1981SU09, 1981TO14, 1981TO16,
1982AB05, 1982BR08, 1982BR1M, 1982BU24, 1982HA19, 1982NA03, 19820S1C, 1982PALE,
1982RAIN, 1982R001, 1982SM1C, 1982WE1J, 1982ZA1D, 1983AD1B, 1983AU1B, 1983BI1C,
1983DE1X, 19831K02, 1983SP1B, 1983UE1B, 1983VA13, 1983VA31, 1983WA17, 1983WI15,
1984AD1E, 1984AU14, 1984BA04, 1984BA48, 1984BU25, 1984CA11, 1984CA07, 1984CL10,
1984C002, 1984CZ01, 1984CZ02, 1984FL04, 1984HA14, 1984MO13, 1984NA26, 1984SA37,
1984ST1E, 1984VAO06, 1984ZW1A, 1985BA11, 1985BA26, 1985BE2K, 1985B018, 1985CA25,
1985CAQ08, 1985CH27, 1985C001, 1985EL 12, 1985FU05, 1985FUZZ, 1985G0O1X, 1985HA1S,
1985HA1J, 1985M110, 1985PH01, 1985R01G, 1985VO1E, 1986CZ01, 1986P102, 1986SUO01,
1986WALT, 1986WI1P).

Electromagnetic transitions: (1981DW1A, 1981SU09, 1982HA19, 1982LA26, 1983I1K02,
1983VAO08, 1983VA13, 1983WA17, 1984BA48, 1984CA11, 1984CA1W, 1984CZ01, 1984DE23,
1984HA14, 1984MO13, 1984NA26, 19840R01, 1984SA26, 1984WE13, 1985AD04, 1985CA26,
1986DR04, 1986ER1A, 1986RA1N, 1986SU01).

Giant resonances: (See also reactions 36 and 37.) (1981GA12, 1981KN12, 1981K041, 1981SP1D,
1982CA1H, 1982DE51, 1982GO1T, 1982NA20, 1983BA65, 1983DA23, 1983DE37, 1983IS1F,
1983KA07, 1983KA28, 1983ME1K, 1983VA13, 1983WA1P, 1983WA1Q, 1983WA17, 1984AN10,
19841S1B, 19840R01, 1985CA06, 1985CA26, 1985CA08, 1985GI1G, 1986AD1B, 1986BL1M,
1986ER1A, 19861SZZ, 1986NA1H).

Astrophysical questions: (1981BE2K, 1981DE2C, 1981LALL, 1981WA1Q, 1981WE1F, 1982BU1A,
1982CA1A, 1982HI1E, 1982WI11B, 1982WO1A, 1983AL1M, 1983BO1F, 1983HA1P, 1983IB1A,
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1983SI1B, 1983WE1A, 1984BL1J, 1984CO1H, 1984HALR, 1984HA1Z, 1984LA1J, 1984NO1B,
1984TRIC, 1985AR1A, 1985BR1E, 1985DW1A, 1985HA1Z, 1985HALR, 1985K02A, 1986DOLL,
1986 TH1E).

Applications: (1982BE1R, 1983AM1A, 1983FALF, 1983G02D, 1983GR1L, 1983KI1D, 1983LI1T,
1984CA1D, 1985HA38, 1985WALR, 1985Y01B, 1986DU1K, 1986SI1L).

Complex reactionsinvolving '°O: (1981EG02, 1981LA10, 1981MALG, 1981NA07, 19810L1C,
1982BJ01, 1982HI11G, 1982H0O10, 1982MA1Z, 1982MO1K, 1982SI11C, 1982TA02, 1982VI01,
1982YU1A, 1983BE02, 1983BH09, 1983CH23, 1983DE26, 1983FR1G, 1983FR17, 1983FR1A,
1983IS1E, 1983JA05, 1983KWO01, 1983LE1R, 1983LE1F, 19830L1A, 1983PL1A, 1983SA06,
1983SI1A, 19835008, 1983VA23, 1983WE1C, 1983WI1A, 1984AI1B, 1984AN1G, 1984AS1D,
1984BAZ2F, 1984DE1Q, 1984F117, 1984GR08, 1984HI1A, 1984H023, 1984KA1J, 1984MAL1P,
1984MU1G, 1984NA12, 1984P0O03, 1984SI115, 1984SJ01, 1984ST1B, 1984TS03, 1984XI1B,
1985AG1A, 1985DA18, 1985GU08, 1985HO05, 1985KALE, 1985KA1F, 1985KA1G, 1985L11B,
1985MCO03, 1985M008, 1985P011, 1985R0O1F, 1985SA1W, 1985SH1G, 1985S119, 1985ST20,
1985ST1B, 1985T012, 1985UT01, 1985WA22, 1986 MA19, 1986PA05, 1986RAI1L, 1986SH2B,
1986UTO01, 1986VA10, 1986 WE1C).

Muon and neutrino capture and reactions. (1981GMO02, 19811S11, 19810H06, 1981TO16,
1982DU04, 1982GA1A, 1982NA01, 1983EG03, 1983GM1A, 1983JA10, 1983VALE, 1984GM1B,
1984JA06, 1984K109, 1984N0O03, 1984SR05, 1985BE2K, 1985CH04, 1985D004, 1985GAL1P,
1985N010, 1986GM03, 1986MC02, 1986N0O04, 1986R0O06).

Pion capture and reactions (See also reactions 37 and 40.): (1979MI1A, 1980SH1R, 1981AN1H,
1981BE63, 1981BE2P, 1981CI04, 1981FE2A, 1981FR14, 1981FR17, 1981FR18, 1981GA1K,
1981GI1E, 1981GMO03, 1981GO1K, 1981HO1G, 19811511, 1981LI11Q, 1981LI1T, 1981LI1W,
1981MAZ23, 19810S1A, 1981R014, 1981SE1B, 1981RA16, 1981ST19, 1981WE1G, 1982BE51,
1982BE1A, 1982B108, 1982BL20, 1982CA03, 1982CH34, 1982DE1K, 1982DE?24, 1982D001,
1982ER04, 1982FR17, 1982GI12, 1982G01B, 1982G0O1F, 1982GR02, 1982GR1F, 19821L02,
1982IN1A, 1982KA16, 1982KA14, 19821110, 1982LI11L, 1982MA22, 1982MO1G, 1982M0O12,
1982MO1W, 198208501, 19820S1C, 1982P106, 1982RE15, 1982RI1A, 1982TH1C, 1982THO08,
1982WH1A, 1982ZA1E, 1983AM1C, 1983AS01, 1983BE1T, 1983BI1N, 1983BL 10, 1983CO08,
1983ERO04, 1983ER02, 1983ER1C, 1983GE12, 1983G102, 1983GM1A, 1983GR07, 1983H0O14,
1983KA08, 1983KI01, 1983K0O2B, 1983MAL16, 1983MA56, 1983MO1M, 1983PE14, 1983RI1C,
1983RIZW, 1983SE10, 1983SE11, 1983SHA41, 1983SP1B, 1983TR1E, 1983TR1J, 1983YU1A,
1983ZA1D, 1984AL 20, 1984AS05, 1984BE1Q, 1984BO1L, 1984BU11, 1984CA07, 1984CE1D,
1984C002, 1984C0O1U, 1984CZ01, 1984EF03, 1984GE1A, 1984GlZZ, 1984GI105, 1984GI1H,
1984GMO01, 1984GR27, 1984KA36, 1984KA31, 1984KI17, 1984KYO01, 1984L125, 1984L116,
1984MAI1T, 1984MA33, 1984MAG3, 19845SC09, 1984TR15, 1984WUO05, 1985ALZX, 1985AN1G,
1985AR15, 1985BE1C, 1985BE1K, 1985BI101, 1985ER03, 1985FUO05, 1985GI106, 1985KA30,
1985K006, 1985LA20, 1985LE1LE, 1985MA1X, 1985MA1K, 19850H09, 1985RE1D, 1985R017,
1985R0O1M, 1985WHO01, 1985WO01C, 1986AN40, 1986B0O03, 1986CZ01, 1986ER1A, 1986FO03,
1986KA05, 1986R0O03, 1986Z01A).
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K-mesons and other meson interactions. (1981B009, 1981PO1F, 1981TO14, 1982BO1U,
1982P102, 1982P0O1C, 1983BAL1Y, 1983BA71, 1983FE07, 1983GA17, 1983GE13, 1983GE1C,
1983MA1V, 1983P01D, 1983T021, 1984BO1H, 1984MA1F, 1984S1ZZ, 1985BE31, 1985BEG2,
1985C0O1H, 1985GA1E, 1986BR1U, 1986DA1G, 1986HALY, 1986KI1K, 1986MI1N, 1986RO1X,
1986SH1K, 1986Z01A).

Hypernuclei: (1981B009, 1981PO1F, 1981RA18, 1982BA17, 1982B0O1U, 1982BR1Q, 1982DA1Q,
1982DEZQ, 1982D0O1L, 1982DO1M, 1982ER1E, 1982J0O1C, 1982KA1D, 1982P0O1C, 1983AU1A,
1983BA2P, 1983FEQ/, 1983JO1E, 1983MA1F, 1983P0O1D, 1983SH38, 1983SH1E, 1983SI1E,
1983S11H, 1984AS1D, 1984BA1N, 1984BO1H, 1984HA1D, 1984MA1F, 1984MI1E, 1984SI1ZZ,
1984ZH1B, 1985AH1A, 1985DEZY, 1985HA1X, 19850S1C, 1985WAIN, 1985YA1B, 1985YALC,
1985YA1K, 1985ZH1E, 1986BR1V, 1986DA1G, 1986DA1B, 1986HA1Y, 1986MA1W, 1986RO1X,
1986 YA1Q, 1986 YALF, 1986Z01A).

Antinucleoninteractions: (1982B024, 1982GR1J, 1982ZH1G, 1983GR11, 1983HE23, 1983N107,
1983SU04, 1984DA23, 1984DA20, 1984MA17, 1984PO1A, 1984SU07, 1984WO0O01, 1985BA09,
1985BA51, 1985DA24, 1985DO1E, 1985DUO05, 1985LE1B, 1985L116, 1986SP01).

Other topics: (1978WI1B, 1981AN18, 1981BL 1K, 1981BR16, 1981CA1H, 1981F012, 1981GA1N,
1981GU10, 1981RA18, 1981SH1M, 1981ZH1G, 1982AB1J, 1982BA2G, 1982B001, 1982BR08,
1982BR1M, 1982BR1U, 1982BU24, 1982CA12, 1982DE1N, 1982DR1E, 1982FA04, 1982HU12,
1982KU1F, 1982M020, 1982NA03, 1982NE1E, 1982NG01, 1982PA22, 1982RE0Q5, 1982SA31,
1982SH1H, 1982VEO02, 1982ZA1D, 1983AD1B, 1983AR1J, 1983BA1U, 1983BI1G, 1983BI1C,
1983DA03, 1983DA23, 1983DE1W, 1983D01D, 1983EI01, 1983FU1D, 1983GR26, 1983MA35,
1983ME1J, 1983ME1K, 1983MI1J, 1983MI126, 1983SH2D, 1983ST1K, 1983TR1K, 1983UE1B,
1983WA16, 1984B0O53, 1984CA1X, 1984CL06, 1984CL10, 1984CZ01, 1984CZ02, 1984DH04,
1984DU04, 1984G014, 1984GR18, 1984HO1N, 1984MA11, 1984PRZY, 1984SA26, 1984SH1X,
1984YA1F, 1985AD04, 1985AN28, 1985BA1A, 1985B018, 1985B030, 1985CA04, 1985CA25,
1985FU05, 1985GO1W, 1985KU1N, 1985M110, 1985PHO01, 1985PR02, 1985TR03, 1986DR04,
1986F003, 1986P102, 1986RA1N, 1986SA02, 1986 YALF).

Ground stateof 150: (1978WI11B, 1979MALC, 1981AG1B, 1981B039, 1981DE24, 1981DU16,
1981JA07, 1981VAIN, 1981ZA05, 1982AN1F, 1982BA2G, 1982B0O01, 1982BR24, 1982BR1M,
1982CA12, 1982DE35, 1982FA04, 1982FR01, 1982KR1C, 1982L107, 1982013, 1982M0O20,
1982NE1E, 1982NG01, 1982SH1H, 1982TR1B, 1982ZA1D, 1982ZE1A, 1983ANZQ, 1983AR1J,
1983AU1B, 1983B109, 1983BR1P, 1983DA03, 1983ES02, 1983GI06, 1983G023, 1983GO16,
1983MA35, 1983M126, 1983VA13, 1983VA31, 1983WAL16, 1983WA23, 1984ANZW, 1984AU14,
1984BA41, 1984BA2F, 1984BA48, 1984BE27, 1984B0O11, 1984B0O53, 1984BR25, 1984DE23,
1984DHO03, 1984FA1F, 1984FL04, 1984GE1A, 1984G0O1G, 1984G014, 1984HA14, 19841K01,
1984JA09, 1984MA11, 1984ST1E, 1984WE04, 1984WUO05, 19847104, 1985AD04, 1985AN16,
1985AN28, 1985BE2K, 1985B018, 1985BU03, 1985CA38, 1985CL1A, 1985GA1N, 1985GHO01,
1985G01X, 1985HA18, 1985HE15, 1985JA06, 1985K002, 1985M123, 1985WEQ9, 1986DR04,
1986P102, 1986RR03, 1986R0O03, 1986V103, 1986W104).

(r?)1/2 = 2.710 £ 0.015 fm (1978K101).
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Abundance = (99.762 + 0.015)% (1984DE53).
lg| = +0.55 £ 0.03 for 150*(6.13) [see (1982AJ01)].

1. (a) 1°B(SLi, )60 Qum = 30.8734
(b) 1OB(6Li, p)15N Qm = 18.7459 Ey, = 30.8734
(c) °B(°Li, d)“N Qum = 10.1371
(d) 1°B(SLi, t)!3N Qum = 5.8410
(e) 1°B(SLi, 3He)'3C Qum = 8.0800
(f) °B(°Li, a))'2C Qum = 23.7115
(g) IOB(6Li, 6Li)IOB
Table 16.10: Energy Levels of 160 2
Ey J* T K™ Tem. OF Ty Decay Reactions
(MeV =+ keV) (keV)
0 0t;0 stable 2,3,7,8,9,10,11,12,
13, 14, 15, 18, 19, 20,
26, 28, 29, 30, 33, 34,
35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 65,
66, 67, 68, 69, 70, 71,
72,73,74
6.0494 + 1.0 0+;0 0t Tm = 96 =+ 7 psec 0 2,3,7,8,9,11, 13, 15,
17, 19, 26, 28, 29, 30,
34, 35, 39, 40, 43, 50,
51, 53, 61, 62, 65, 66,
68, 71,73
6.129893 £ 0.04 3750 T = 26.6 £ 0.7 psec v 2,3,7,8,9,11, 13, 14,
g = +0.556 4+ 0.004 15, 17, 26, 27, 28, 29,
30, 33, 34, 35, 39, 40,
41, 42, 43, 45, 46, 47,
49, 50, 61, 62, 63, 65,
66, 68, 71, 73
6.9171 £ 0.6 210 ot Tm = 6.78 £ 0.19 fsec ol 2,3,7,8,9,11, 13, 15,
26, 27, 28, 29, 30, 33,
34, 38, 39, 40, 41, 42,
43, 45, 46, 49, 50, 51,
62, 63, 65, 66, 68, 71,
73
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Table 16.10: Energy Levels of 150 @ (continued)

(MeV =+ keV)

KTI'

FC.III. Or 7-IIl
(keV)

Decay

Reactions

7.11685 £ 0.14

8.8719+0.5

9.585 £ 11

9.8445 £ 0.5

10.356 += 3

10.957 + 1
11.080 £ 3

11.0967 £ 1.6

(11.26) b
11.520 + 4

11.60 £ 20
12.049 £ 2
12.440 £ 2
12,530+ 1

12.796 + 4
12.9686 £ 0.4

4*:0

0t

Tm = 12.0 £ 0.7 fsec

Tm = 180 £ 16 fsec

I'=4204+20

0.625 £ 0.100

263

Tm = 8+ 5 fsec
I'<12

0.28 £ 0.05

(2500)
7143

800 + 100
1.5+05
9146

(97 +10) x 1073

40+ 4
1.60+0.14

25

7

7, @

7, @

T a

’7, p,Oé

’7, p:a

’Yv pva

2,3,7,8,9, 13,15, 26,
27, 28, 29, 30, 33, 34,
35, 38, 39, 40, 42, 43,
46, 61, 62, 63, 65, 66,
68, 73

2,3, 7,8, 12, 15, 26,
27, 29, 33, 34, 35, 39,
41, 42, 43, 45, 46, 62,
63, 68, 73

3,5, 7,8, 26, 34, 35,
41, 42, 43, 45, 46, 50,
51

2,3,5,7,8,15, 26, 27,
29, 33, 34, 35, 39, 42,
43, 45, 46, 50, 51, 61,
63, 65, 68, 71, 73
2,3,5,7,8,9, 10, 12,
15, 17, 26, 27, 29, 34,
39, 42, 43, 45, 46, 50,
51, 57, 61, 63, 66, 68,
73

2, 26, 33, 34, 42, 43,
63, 68

2,26, 33, 34,63, 68

2,3,5,7,9,10, 12, 15,
26, 27, 39, 42, 43, 45,
46, 50, 51, 68

5,34

2,3, 5,15, 26, 39, 40,
42, 43, 45, 46, 50, 51,
57

5,10, 50, 51

5, 15, 19, 26, 39, 42,
43, 45, 46, 50, 51

3,4, 5, 26, 30, 32, 33,
34, 39, 43, 46, 50, 51

2, 15, 26, 30, 32, 33,
34, 39, 42, 43, 46, 62

26, 32, 33, 34, 42

15, 26, 30, 32, 33, 34,
39, 61, 62, 63




Table 16.10: Energy Levels of 150 @ (continued)

J* T K™ T OF T Decay Reactions
(MeV =+ keV) (keV)
13.020 £ 10 2T 0 150 £ 10 Y, P, 3,5,39,42,43,45, 46,
50, 51, 57
13.090 £ 8 1751 130+ 5 Y P, @ 3,4,5,7, 26, 33, 34,
39, 63
13.129 £ 10 37;0 110 £ 30 Y, P, 2,3,4,5, 26,33
13.259 4 2 370 21+ 1 7, P 3, 4,5, 26, 32, 33, 34,
39, 42, 61, 62, 63, 65,
67
13.664 + 3 1t;0 64+3 ¥, P, & 26, 30, 32, 43
13.869 + 20 4+ 0 89+ 2 p, o 2,5, 26,32,39,42, 45,
46, 50, 51
13.980 £ 2 2- 20+ 2 p, o 2,26,27,32
14.032 £ 15 ot 185 £ 35 v, @ 5,39
14.1 £ 100 3~ 750 £ 200 « 5
14.302 4+ 3 4=) 34+ 12 15, 26, 27
14.399 £ 2 5+ 27+5 2,8, 15, 26, 27
14.620 £ 20 (4™) 490 £ 15 a 57
14.660 £ 20 5~ 0~ 670 £ 15 « 5,7,8,9, 10,50, 51
14.8153 £ 1.6 61:0 70 £8 « 2,5,7,15, 26, 27, 45,
46, 50, 51
14.926 £ 2 2+ 54+5 p, o 2,26,32,39
15.097+5 0* 166 4+ 30 p, o 4,5, 26, 32
15.196 £+ 3 27,0 63 +4 p, « 26, 27, 32, 39, 42, 45,
61, 62, 63
15.26 + 50 27: (0) 300 + 100 p, 32, 39, 42, 45
15.408 £ 2 37:0 1327 p, o 4,5,26,27,32,39,42,
46, 50, 51, 57, 61, 62,
63
15.785+5 3t 40 + 10 15, 26, 27
15.828 £ 30 3~ 700 £+ 120 « 5,39
16.20 +90 1—;0 580 £ 60 Y, P, @ 3, 26, 32
16.209 £ 2 11 19+3 ¥, N, p 26, 27, 30, 31, 32, 37,
39
16.275 £ 7 6T 420 4+ 20 « 2,5,7,8,9,10,17, 27,
50, 51, 57
16.352 £ 8 2+ 61+8 p, o 4,5,26,32,42, 45, 46,
65
16.4423 + 1.6 2t: 1 25+ 2 v, N, P, a 3,4,5,26,32,39
16.817 4+ 2 27;0+1) 28 +3 P, @ 15, 26, 30, 32
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Table 16.10: Energy Levels of 150 @ (continued)

J* T K™ T OF T Decay Reactions
(MeV =+ keV) (keV)
16.844 + 21 47t 570 + 60 a 5
16.93 & 50 2+ ~ 280 a, 8Be 5,6
17.09 4 40 171 380 =+ 40 7 P 30,32
17.129+5 2+t 107+ 14 n,p, o 4,5
17.140 £ 10 1+;1 3443 7, N, p, o 5,30, 31, 32, 39
17.197 £ 17 2+ 160 + 60 a, 8Be 2,5, 6,27, 34, 42, 45,
46
17.282+ 11 171 7845 v, N, P, o 4,30, 31,32,37,39
17.510 £+ 26 1~ 180 + 60 a 5
17.555 + 21 (6%) 180 £ 70 n, a 4,5
17.609 £ 7 2+ (1) 114+ 14 P, o 4,5, 32
17.72 (0t, 21 ~ 75 P, o, 8Be 5,6
17775+ 11 47;0 45+ 7 p 15, 39, 40, 42, 45, 46,
62, 63
17784+ 15 4+ 400 =+ 40 n, o, 8Be 4,5,6,39,50,51
17.877+6 (1,2)~;1 2443 7P, (@) 30, 32, 37
18.016 & 1 4% (0) 14+£2 n, p, a, 8Be 4,5,6,15
18.029 + 5 301 26 4 4 v, N, P, o 15, 30, 31, 32, 39, 62
18.089 £ 25 (0) 288 4 44 (), n, p, 3,4,5,31,42, 46
18.202 £ 8 2+ 220 =+ 50 7P 32,39, 42, 46
18.29 ~ 380 ¥, P, @ 3,4,5
18.404 + 12 5~ 550 + 40 a 5
18.430 £ 15 2+, 0 90 + 40 p 32,42, 45, 46
18.484 + 6 1~ 35+ 6 p 32
18.6 (1-,57) ~ 150 a 5
18.6 (41) ~ 300 a, ®Be 5,6
18.640 £ 15 (51) 2247 (n, p) 2,15,39
18.773 £ 22 1~ 215+ 45 P, o 4,5
18.785+ 6 4t 260 =+ 20 n, p, o, Be 4,5,6
18.79 4 10 1+:1 120 + 20 7P 30, 32, 39
18.977+6 471 8.2+3.8 7P, @ 15, 30, 32, 39, 40, 42,
45, 62, 63
19.001 £ 24 271 420 + 50 7P 30, 32, 39
19.08 & 30 2+ (1) ~ 120 v, (n), p, @ 4,5, 10, 30, 32
19.206 £ 12 371 68 4 10 39, 62, 63
19.253 £ 30 (57) 50 + 45 n, a 4,5
19.257+9 2+ (1) 155 £ 25 7P, a 4,5, 30, 32
19.319 + 14 (61) 65 + 35 p, o, 8Be 4,5,6
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Table 16.10: Energy Levels of 150 @ (continued)

J* T K™ T OF T Decay Reactions
(MeV =+ keV) (keV)
19.375 £+ 2 4+ 23+4 p, 4,5
19.47 + 30 17;1 200+ 70 Y, P 30, 32,39
19.539 £ 19 2+:0 255 £ 75 n, o 2,4,5,42, 46
19.754 + 16 2+ 290 + 50 p, o 4,5
19.808 £ 11 4—;0 324+4 15, 40, 42, 62, 63
19.895+ 7 3;1 42+9 ¥, Py @ 2,30, 32
20.055 4+ 13 2+:0 400 + 32 ¥, N, p, @ 3,4,5, 45, 46
20.412 4+ 17 27;1 190 + 20 ¥, N, p 30, 31, 32, 39, 62, 63
20.541 £+ 2 5~ 11+£2 p, 2,4,5
20.560 + 2 even <5 p, o 4,5
20.615+ 3 even < 10 « 5
(20.8) (=~ 60) np o 4
20.857 + 14 T 0~ 900 + 60 a 5,7,8,910
20.945 + 20 1-;1 300 £ 10 v, n,p 30, 31, 32, 39
21.05 + 50 (2*;0) 298 + 43 42, 46
21.052+6 6T 205+ 15 « 5
21.175+ 15 2
21.50 (1—4) 120 p 32
21.623 £ 11 7" 60 + 30 np, « 4,5
21.648 + 3 6T 1154+ 8 n, a 4,57
21.776 + 9 3~ 43 + 20 np, a 2,4,5
22.04 0t 60 nd, a 4,21
22.150 £ 10 1751 680 £ 10 ¥ np,d a 10, 20, 22, 25, 30, 31,
32, 36, 37,38
22.35 2t 175 n,d, o 21,25
22.5+ 100 3~ 400 £ 50 p,d, « 22,25, 46
22.65 + 30 60 n, o, *Be 2,4,6
22.721 4+ 3 0t;2 12.54+2.5 npd «a 4,5,19, 22, 25, 65
22.89 £ 10 1751 300 £ 10 ~,p, d 20, 22, 30, 32
23.0 + 100 6T <500 (d), o, ®Be 6,7,25
23.1 ~ 20 (n), d, o, ®Be 5,6,21,25
23.235 + 62 (1-;1) 560 + 150 n, p, d 21,22, 23,31, 42
23.51 + 30 (57) 300 p,d, 2,5,10, 22, 23, 25, 45,
46
23.879+6 6T 26 +4 p, o, Be 4,5,6,7
24.07 4+ 30 171 550 % 40 v, p, 2He 13, 30, 32, 42
24.36 + 70 (2+,37);0 424 + 45 n, p 31, 46
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Table 16.10: Energy Levels of 150 @ (continued)

J* T K™ T OF T Decay Reactions
(MeV =+ keV) (keV)
24.522 4+ 11 2+ 2 < 50 19, 65
24.76 & 50 (2,4)*;1 340 £ 60 7, N, p 30, 31, 32
25.12 4 50 171 3000 % 300 7 p, 2He, a 13, 30, 32, 38, 45
25.50 & 150 171 1300 =+ 300 ol 39,42
25.6 (37);1 450 3He, a 5,13
26.0 & 100 175 (1) 500 — 1000 7, *He, a 13
26.363 £ 62 2,41 550 £ 70 v, NP, o 5,30,31, 32
27.35 4 100 2,4+ 1 830+ 110 7 p, 3He, o, ®Be | 13, 30, 32
27.5 (37;0) ~ 2500 v, 2He 13
28.2 7 1000 a 57
28.6 4 200 v, 3He 13
29.0 7 1000 P, o 57
29.8 + 100 9~ +8* 500 — 1000 3He, a 10, 13
31.8 + 600 e 7,38
34 101(97) 2300 o 57
35 a 7

@ See also Tables 16.11 and 16.22.
b | am indebted to Professor H.T. Richards concerning his comments on the existence of this level.

At E(°Li) = 4.9 MeV, the cross sections for reactions (b) to (f) leading to low-lying states in
the residual nuclei are proportional to 2.J; + 1: this is interpreted as indicating that the reactions
proceed via a statistical compound nucleus mechanism. For highly excited states, the cross section
is higher than would be predicted by a 2.J; + 1 dependence: see (1982AJ01). See also (1983KALJ).

2. 1OB(1OB, 04)160

States of 1°0O observed at £(1°B) = 20 MeV are displayed in Table 16.10 of (1977AJ02). At
the higher excitation energies, states are reported at £/, = 17.200+£0.020, 17.825+0.025, 18.531+
0.025, 18.69 £ 0.03, 18.90 £ 0.035, 19.55 £ 0.035, 19.91 £ 0.02, 20.538 + 0.015, 21.175 4+ 0.015,
21.84 +0.025, 22.65 + 0.03 and 23.51 + 0.03 MeV. The reaction excites known 7" = 0 states: o
follows 2.J; + 1 for 11 of 12 groups leading to states of known J. The angular distributions show

little structure: see (1977AJ02).

3. 12C(Oé, 7)160

Qun = 26.4137

Qm = 7.16195

29




The yield of capture ~-rays has been studied for £, up to 42 MeV [see Table 16.11in (1977AJ02)
and (1982AJ01)] and (1982KE10; E.,, = 1.34 — 3.38 MeV; *He(*?C, 7)) and (1985KO11;
E, = 3.551t0 3.60 MeV). Observed resonances are displayed in Table 16.12 here.

This reaction plays an important role in astrophysical processes. The E2 S(300 keV) value is
calculated to 0.09 MeV - b (1984DE42), 0.07 MeV - b (1985LA10), 0.10 MeV - b (1985FU04). The
E1 S(300 keV) value is 0.16 MeV - b from fitting the early data [see (1977AJ02)] and 0.28 MeV - b
from the (1982KE10) data (1985LA10) [0.30 MeV - b (1984DE42)]. (1983LA24) calculate that
the («, 73) S-factor is too small (< 0.01 MeV - b at E.,,. < 1.5 MeV) to contribute significantly
to the total S-factor (I am indebted to Prof. F.C. Barker for his comments.). The ratio ogs/0or;
has been measured for £, = 2.28 to 3.77 MeV: the data favor a non-negligible contribution of the
E2 amplitude to the reaction rate at stellar energies (1985REQ9). For other astrophysical studies
see (1982AJ01) and (1981BA2F, 1982BA1D, 1982TO1D, 1983LA24, 1984FO1A, 1984RO1F,
1984TR1C, 1985AR1A, 1985BA1Q, 1985TR1E, 1986 THL1E).

Table 16.11: Radiative decays in 0 2

E;(MeV) | J&T | Es(MeV) | J&; T Branch (%) [aa (V)
6.05 0+; 0 0 0*; 0 100 3.554+0.21"
6.13 37;0 0 0+;0 100 (2.60 £0.13) x 10~
6.92 2+;0 0 0+;0 > 99 0.097 £ 0.003 ©

6.05 0+;0 | (2.7£0.3) x 1072 (2.740.3) x 107°
6.13 37;0 <8x 1073
7.12 1-;0 0 0+;0 > 99 0.055 £ 0.003 ©
6.05 0%;0 <6x 1074
6.13 37,0 | (7.0£1.4) x 1072
8.87 27;0 0 0+;0 72408 (2.6 +£0.4) x 10~
6.05 0+;0 0.122 4 0.033 (3.14+1.0) x 107°
6.13f 37;0 T7TE161 (2.8 +£0.3) x 10734
6.92 27,0 36+£051 (1.54+0.3) x 107
7.12 1-;0 11.4+05" (424£0.8) x 107*¢
9.59 1-;0 0 0%;0 ~ 100 (2.540.4) x 1072
6.92 2+;0 (29+1.0) x 1073
9.84 2+:0 0 0+;0 6144 (5.74+0.6) x 1073
6.05 0+;0 18 +4 (1.940.4) x 1073
6.92 270 21 +4 (22+04) x 1073
10.36 4+:0 0 0+;0 (5.6 £2.0) x 1078
6.13 37;0 <1.0x1073
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also to *0*(6.13) and partially to °Li*(2.19)) and at E(°Li) = 35.3 MeV and E(*°0) = 94.2
MeV (1984V102). See also °Li in (1988AJ01). For studies of d-a angular correlations see 2°Ne in

(1983AJ01, 1987AJ02). For a fusion cross section study see (1986MA19).

Elastic distributions for reaction (b) have been studied at Z("Li) = 9.0 to 20 and at 68 MeV [see
Tables 16.25in (1977AJ02) and 16.23 in (1982AJ01)] as well as at E("Li) = 50 MeV (1984C020).
For fusion cross section studies see (1984MA28, 1986MA19). See also (1986MO1E, 1986SA2P)

and (1982AL02, 1982GU21, 1982RA22, 1983BU15, 1983J01A, 1983KH1A, 1984WI08, 1985SA13;

theor.).

48. 150(°Be, “Be)'60

Elastic angular distributions have been reported at £(°Be) = 20 to 27.4 MeV and £(!60) = 15
to 29.5 MeV [see Table 16.23 in (1982AJ01)] and recently at £(°Be) = 43 MeV (1985W118),
140 MeV (1984FUZZ) and 157.7 MeV (1983SA20, 1984FU10). For fusion cross sections see
(1982AJ01, 1982BE54). See also (1981ST1P, 1983BI1A, 1983DA10) and (1981GR17, 1982GU21,
1983GR18, 1984HAA43; theor.).

Table 16.23: Excited states of 60 from 6O(p, p’), (d, d’), (*He, 3He’) and («, a’) @

No. E." LY E.c© E 4 E.© Le rb JT: TP
(MeV = keV) (MeV) (MeV = keV) (MeV =+ keV) (keV)
1 6.05
2 6.13f 3 6.13 6.13 1 6.13 3 37:0
3 6.92f 2 6.92 6.92 d 6.92 2 2+; 0 df
4 7.12f1 1 7.12 7.12 1 17:0
5 8.87 8.87 8.87+301 8.87 3
6 9.84f 2 9.85 9.84 4+ 30 9.85 2 2+; 0t
7 10.35+20° 4 10.34 10.35 + 30 10.35 + 30 4 4%:0
8 | 10.95+308 1 10.95 0-;0
9 11.10+20F 4 11.11P 11.09+30" 11.10 £ 30 4 4*:0
10 11.524+20F 2 11.52 11.52+304 11.52+30 2 T4+ 4 27:0
11 12.05+20F 12.05 12.04 4+ 30 12.05 + 30 (0) 0*;0
12 12.44 12.44 1 17;0
13 12.53 £ 20 1 12.53 12.51 £ 30
14 12.80 & 0-;1
15 13.02 420 131" 13.114+30 13.07£20" 2 2+
16 13.26 & 30 3751
17 13.66
18 13.95+50 | (0+4) 13.97 4+ 30 13.954+ 50" 4 4%:0
19 14.94 + 30 14.87 + 100 6 6+
20 15.26 + 50 (3) 15.4
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Table 16.23: Excited states of 60 from 60(p, p’), (d, d’), (*He, 2He’) and (a, o) @

(continued)

No. E.P L" E,° E. 4 Ey € Le© rb J©,Th
(MeV = keV) (MeV) (MeV = keV) (MeV =+ keV) (keV)

21 15.50+ 30 F 3 15.50 £ 50 3 200 £+ 60 37;0

22 16.52 4+ 50 2 16.46 + 30 16.40 + 100 < 100 2+

23 16.93 + 50 (3)

24 17.25+50F 17.194+ 30 17.25+ 80 (2) 160 £ 60 1+;0f

25 17.79 4+ 40 3) 17.8 17.83 +£ 100 150 £ 60 4=;0

26 18.15 4+ 50 2 18.0 + 100 2 300 + 50 (2+);0

27 18.40 4 100 2 18.52 4+ 30 18.5 4+ 100 2 250 £ 50 27:0

28 18.60 4+ 100 18.70 + 100 (3) 280 £ 80"

29 18.98 4+ 40 3) 19.09 4+ 30 < 100 4751

30 19.35+ 80 Q)

31 19.56 £ 50 f 19.50+£ 100 | (2, 3) 300 = 50 37,0

32 19.80 4+ 40 3 < 100 4=;0

33 20.2 4200 " 20.15 £ 100 2 350 £ 50 270

34 20.56 + 80 1,2 370 £+ 100

35 21.05 4+ 50 1 21.0 + 100 2 320 + 50 (2%;0)

36 21.6 4+ 200 1000 % 300 2

37 21.80 + 80 1 21.85 + 100 2 400 £ 50 (27;0)

38 22.40 + 80 1,2 420 £+ 100 171

39 22.5 4+ 100 400 £ 50 (2*+,37);0

40 23.20+ 80 1 600 £ 200 17;1

41 23.50 4150 23.25 4+ 100 2 400 £ 50 2.0

42 23.85 £+ 100 0) 400 £ 50 (2*,0%);0

43 24.00+100 | (1,2) 1200 + 300 17;1

44 24.4 4100 400 + 50 (2*+,37);0

45 25.15 + 300 2800 + 600 2

46 25.50 + 150 1) 1300 =+ 300 17;1

> (p. p).

¢ (d, d"). Energies are nominal (100 to +260 keV); angular distributions reported to all but last state.

4 (3He, 2He).
¢ (a, o).

f(1984AMO04): E,, = 135 MeV.

£ (1984HO17); E5 = 65 MeV.
b Unresolved states.

a For references see Table 16.24 in (1982AJ01).
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49 (a) 160(108, 1OB)16O
(b) 160(11 B, llB)l6o

Angular distributions have been reported at £(1°B) = 33.7 to 100 MeV and at E(!!B) =
41.6, 49.5 and 115 MeV: see Table 16.23 in (1982AJ01). For fusion cross section measurements
(reaction (a)) see (1982AJ01) and (1984GO1C). See also (1981ST1P, 1983BI1A, 1984FR1A,
1984HA53) and (1983C108, 1983G013, 1985HUO04; theor.).

50. (a) 160(12(:’ 12c)16o
(b) 0(*2C, a'2C)'2C Qm = —7.16195

Angular distributions have been reported at many energies to £(1°0) = 315 MeV [see (1982AJ01)]
and recently at £(*°0) = 15.8 to 26.3 MeV (1983FR02; elastic), 34.1 to 36.8 MeV (1982W104;
elastic), 62, 80, 100, 125 and 150 MeV (1985BE40; elastic) and 1503 MeV (1985R008; elastic).
See also (1986BR1Y), Most of the studies of this reaction have involved yield and cross section
measurements, as they apply to compound structures in 28Si, fusion cross sections and evapo-
ration residues: see (1982AJ01) and (1980C0O08, 1981RA20, 1981TA24, 1982BR1P, 1982C022,
1982FR04, 1982W104, 1983CHZX, 1983FR02, 1983G01X, 1983KA01 [alignment of 150*(6.13)],
1983KA10, 1983LA07, 1983ME04, 1983ME10, 1983SC29, 1983VO1A, 1984BE22, 1984HU02,
1984MU04, 1985BE40, 1985CA01, 1985KA03, 1985MU18). See also (1982HUZV, 1983DELY,
1983KL1A, 1984RU1A).

At E(*°0) = 100 MeV members of the K™ = 0T [1°0*(6.05, 6.92, 10.35, 16.3)] and K™ =
0~ bands ['°0*(9.63, 11.60, 14.67)] are reported to be preferentially populated (1984P001). In
reaction (b), as well as in the scattering of 140 MeV %0 on '3C and 28Si, °0*(9.83, 10.33, 11.04,
11.47,11.98, 12.38, 12.98, 13.81, 14.75, 15.33, 17.76) with J™ = 2, 4% 4+ 2% 0F, 1~, 2%, 4T,
67, 37, respectively, for the first ten states, are populated: the state at 11.5 MeV is preferentially
populated (1984RA10). For the earlier work see (1982AJ01). See also (1982ST11, 1983SH26,
1984MUO04, 1985KA1J). For pion emission see (1983NO1E).

See also (1981CO1W, 1982PR1A, 1983AZ1A, 1983CA1N, 1984TS07, 1985BE02), (1979GO1C,
1981BR1P, 1981ST1P, 1982BA1D, 1982BR1T, 1982CI1C, 1982EV1B, 1982K0O1C, 1982LE1N,
1982MAZ2B, 1983BI1A, 1983BR1R, 1983DU13, 1983HE1B, 1984FR1A, 1984GE1D, 1984HAS53,
1984SNO01, 1984TR1E, 1985BA1T, 1985BE1A, 1985CU1A, 1985GA1J, 1985SN1A) and (1981CAQ9,
1981DY02, 1981HUO7, 1982AB1F, 1982BA22, 1982FL1B, 1982GE1B, 1982GU21, 1982HA42,
1982HA56, 1982HU1G, 1982KA35, 19821013, 1982ME12, 1983AD1E, 1983AU04, 1983BU15,
1983CI08, 1983CI09, 1983DE1U, 1983DE?21, 1983DE2G, 1983FR23, 1983HU1C, 1983KA30,
1983LI1L, 1983MAZ29, 1983SM1B, 1983TAO07, 1984BA26, 1984DE2B, 1984HA43, 1984IN03,
1984KA1H, 1984LA1L, 1984MAZT, 1984SA31, 1985AI11A, 1985BA63, 1985DEZV, 1985HU04,
1985HU1C, 1985KA1X, 1985KA28, 1985K01J, 1985ME14, 1985NO1E, 1985SA1D, 1985TR1D,
1985V109; theor.).
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51. (a) 160(13(:’ 13c)16o
(b) 160(14C, 14c)16o

For elastic scattering studies see Table 16.23 in (1982AJ01). For yield and fusion measure-
ments see (1982HEQ7, 1983DA02, 1985BE37). For the excitation of a number of states in O
in reaction (a) see (1984RA10) in reaction 50. See also (1983VO1B, 1985GA1M, 1985KA1J,
1986STZY), (1982LE1N, 1983DU13, 1985CU1A, 1985RE1C) and (1983FR23, 1984HA43, 1984IN03,
1986CI101; theor.).

52. (a) 160(14N, 14N)16O
(b) 160(15N, 15N)16O

For elastic scattering studies see Table 16.23 in (1982AJ01) and (1977AJ02) and (1983SR01;
E(*°0) = 35.1 and 42.6 MeV; on N; elastic). For yield and total fusion cross-section measure-
ments see (1982AJ01) and (1982F11G, 1983SR01, 1985NO1C). See also (1981ST1P, 1983BI1A,
1983DA10, 1983DU13, 1984FR1A, 1985BE1A, 1985CU1A) and (1982HA42, 19821013, 19820H05,
19820K02, 1983C108, 1984HA43, 1984IN03, 1985HU04, 1985K01J; theor.).

53. 160(160 160)160

The angular distributions for elastic scattering have been measured with E(1°0) up to 140.4
MeV [see (1982AJ01)] and, recently, at 14 to 26 MeV (1984WU04), 17 to 25 MeV (1983BI1H;
prelim.), 31 to 32.6 MeV (1982STZR; prelim.) and 31 to 36 MeV (1983TI01, 1985TI05). At
E(**0) = 53.6 to 68.4 MeV angular distributions are reported involving *0*(6.05) [J™ =
07] (1982WEZR; prelim.). Coupled channels effects are important at energies a few times the
Coulomb barrier (1985BA60). See also (1982BI1F) and (1977AJ02). For yield and fusion cross
sections see (1982AJ01) and (1981GA33, 1982BI1F, 1982DE48, 1982WEO07 [6.13 MeV ~], 1983BI1H,
1983T101, 1984WU04, 1985BA60, 1985GA05, 1985NO1C, 1985TH03, 1985T105, 1986 THOL).
See also (1982GALG, 1982STZR, 1982WAZN, 1983DE1Y, 1984P015, 1984TI1C, 1985L104).

At E(*%0) = 62.2 MeV (1981BA55) observe *O*(0, 6.5) and see no evidence for a low-/ win-
dow leading to deep inelastic scattering. For a study of the angular correlation of «-particles see
(1982PE08). See also (1985GA1M), (1981RO1W, 1982BA1D, 1982SA1A, 1984FO1A, 1985BALT,;
astrophysics), (1979G0O1C, 1981BR1M, 1981BR1P, 1981ST1P, 1982CI1C, 1982KO1C, 1982PA1H,
1983BI1A, 1983BR1R, 1983DU13, 1984BR1L, 1984FR1A, 1984HA53, 1984TR1E, 1985BE1A,
1985CU1A, 1986BE2H) and (1981CA09, 1981FR1N, 1981GI10, 1981HUO07, 19811S1B, 1981KHO03,
1981LA1G, 1981LE20, 1981PA09, 1981PI1D, 1981PRO0O7, 1981SA33, 1981SHI1L, 1981TAZ20,
1981URO01, 1982BA22, 1982HA29, 1982HA42, 1982HA56, 1982HE1G, 19821S1C, 1982013,
1982MO1V, 1982NE1E, 1982PR04, 1982SA1C, 1982SA14, 1982SA20, 1982SC24, 1982SM1D,
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1982S01C, 1983BU15, 1983CI08, 1983DI115, 1983DR01, 1983DR02, 1983FAQ08, 1983FR23,
1983HO1F, 1983KA40, 1983LA14, 1983LA19, 1983LA20, 1983MAZ29, 1983NA1J, 19830KO06,
1983R0O16, 1983SA14, 1983SA36, 1983TA1G, 1983TO1Q, 1984BA65, 1984BR1P, 1984CA28,
1984FA05, 1984F021, 1984HA43, 1984IN03, 1984J006, 1984LALL, 1984MI1P, 1984NA1S,
198408506, 1984REQ9, 1984REQ8, 1984SA08, 1984SU02, 1984W002, 1985BO1Y, 1985BR1K,
1985CH34, 1985CU01, 1985CU1E, 1985GA1R, 1985HO1K, 1985HU04, 1985CH18, 1985K01J,
1985LA14, 1985LE25, 1985MAO09, 1985MA21, 1985NE1H, 1985PA14, 1985TA06, 1985TO07,
1985T006, 1985T0O17, 1985W008, 1985WU03, 1986HO1U, 1986NG1A, 1986ST1N; theor.).

54. (a) 160(170, 170)160
(b) 160(180, 180)160

Angular distributions of elastically scattered ions have been studied at £(*°0O) = 24, 28 and 32
MeV and E(*"0) = 53.0 to 66 MeV (reaction (a)) and at £(1°0) = 24 to 54.8 MeV and E(**0) =
35 t0 89.3 MeV (reaction (b)) [see (1982AJ01)] and, recently, at £(170) = 22 MeV (1983BU0S).
Yields and fusion cross sections are reported in (1982AJ01) and (1985THO03, 1986 THO1). See also
(1985GA1M), (1982HO1E, 1983DU13, 1983FR1B, 1984HA53) and (1981CA09, 1981LA16,
1983SHO04, 1985MA1T, 1985WUQ3; theor.).

55. (a) 160(19F, 19F)16O
(b) 160(20Ne, 20Ne)16o

Elastic scattering angular distributions have been studied at £(1°0) = 21.4 and 25.8 MeV
and at F(*F) = 33 and 36 MeV: see (1977AJ02). See also (1983DU13). Angular distribu-
tions in reaction (b) have been measured at £(*0) = 40.7 to 94.8 MeV and at E(**Ne) = 50
MeV [see (1982AJ01)] and at E(*°0) = 25.6 to 44.5 MeV (1984GA22) and 44.1 to 63.9 MeV
[see (1983K031)]. For yield and fusion cross section measurements see (1982SC13, 1982SH1N,
1982XA01, 1983SH25, 1984GA22). See also (1981BR1P, 1983BR1R, 1983DU13, 1986ST1J)
and (1982SM1D, 1983K031, 1983MA29, 1984NI11D, 1985GU1J, 19851C01, 1985K043, 1985K038;
theor.).

56. (a) 1°0O(*3Na, 23Na)!¢0
(b) 160(24Mg, 24Mg)160
(C) 160(25Mg, 25Mg)16o
(d) 160(26Mg, 26Mg)16o
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Elastic angular distributions are reported at £(1°0) = 35 to 60.7 MeV (reaction (b)) and
27.4 to 50 MeV (reaction (d)) [see (1982AJ01)] and at £('°0) = 150 MeV (1982HUZV; re-
action (b); elastic). Yield, evaporation residue and fusion measurements have been made by
(1982HUZV, 1982RA25, 1983FU03, 1983K0ZZ, 1983R0OZZ, 1985SAZZ) and see (1982AJ01).
See also (1985RA06), (1981SCIN, 1982BR1T, 1982CI1C, 1982MA2B, 1983BI1A, 1983DU13,
1983HE1B, 1984FR1A) and (1981HUO07, 1981KR13, 1982BR1E, 1982FL1B, 1982HA56, 1982L.013,
1982NE1E, 1982PA09, 1982SM1D, 1983CI108, 1983MA29, 1983PA1C, 1983PALF, 1984DE08,
1984GU13, 1984MU1H, 1985AN16, 1985CH11, 1985HA11, 1985HUO04, 1985N11C, 1985XI101,
1986NG1A; theor.).

57. 160(27Al, 27Al)160

An elastic angular distribution has been measured at E(1°0) = 46.5 MeV: see (1982AJ01).
For yield, fusion and evaporation residue studies see (1982AJ01) and (1983CHO04, 1983STLL,
1985PA08, 19851K02). See also (1984PE1J). For fragmentation studies see (1981 TA16, 1985DEZZ,
1985SH1Q); for work on deeply inelastic collisions see (1982Y001). For pion production see
(19850B1B, 1986Y002). Angular correlations have been studied at £(**0) = 65 — 65.6 MeV
(1977HA18, 1981TS01, 1986PA05), 77 MeV (1985PA08) and 87.4 MeV (1983SA07). The se-
quential decay of °0*(10, 11.6, 13.2, 15.2, 16.2, 21) is reported via o by (1983SA07). See also
(1981LY1A, 1984TR06, 1985BE02), (1983BI1A, 1983DU13, 1984FR1A, 1984GE1D, 1984HA53,
1984NG1A, 1985SH1T, 1985ST1B) and (1981AF1A, 1982BL 12, 1982FL 1B, 1982GI1C, 1982HA56,
1982HU1G, 1982ME12, 1982T004, 1982WO1C, 1983CI08, 1983G013, 1983VI1D, 1984F021,
1984N105, 1985FO1F, 1985HU04, 1986NG1A, 1986PR01; theor.).

58. (a) 150(23Si, 28Si)!60
(b) 160(29Si, 298i)16o
(C) 160(308i, 3OSi)16O
(d) 160(31P, 31P)16O

Angular distributions for reaction (a) have been reported at £(°0) = 32 to 215.2 MeV
[see (1982AJ01)] and, recently, at £(*°0) = 29.3 to 35 MeV and E(*Si) = 51.3 to 61.3
MeV (1984MEO01; also 28Si*), at £(*°0) = 30.6 and E(**Si) = 53.6 MeV (1983KA20), at
E(*°0) = 33.2 to 54.7 MeV (1981BR13; also *Si*), at £(°0) = 45 to 63 MeV (1983SH18)
and 75 MeV (1986SA2Q). Elastic angular distributions for reactions (b) and (c) are reported
at £(*°0) = 60 MeV (1983SH18). For yield, fusion cross section and evaporation residue
measurements see (1982AJ01) and (1981BR13, 1983KA20, 1983SH18, 1984MEO01). See also
(1983R0OZZ). For the excitation of a number of states in 150 see (1984RA10) in reaction 50. For
pion production see (1983AGZX).

72



See also (1981SC1N, 1982BR1T, 1982KO1C, 1982LE1N, 1982MA2B, 1983BR1R, 1983DU13,
1984FR1A, 1984HA53) and (1981FR1L, 1981LA12, 1981SH24, 1982AL02, 1982BR1E, 1982D005,
1982FR09, 1982HA29, 19821013, 1983BR1M, 1983BR18, 1983BR1U, 1983CA11, 1983CI08,
1983DI1A, 1983H018, 1983HU1C, 1983KA30, 1983K006, 1983MA29, 1983P008, 1983QUO01,
1983SA1D, 1983SH08, 1983SH17, 1983S107, 1983ST1F, 1983WI1H, 1984BR1N, 1984BR28,
1984GU09, 1984HU05, 1984HUO06, 1984HU1N, 1984K015, 1984K030, 1984P012, 1984PO1M,
1984QU03, 1985AN16, 1985BA12, 1985BA42, 1985BR02, 1985BR1J, 1985BR25, 1985BR1N,
1985DEZ23, 1985H024, 1985HU04, 1985QU02, 1985SH1R, 1985VI09, 1985X101, 1986HNO1,
1986NG1A; theor.).

59. (a) '°0O(*°Ca, *°Ca)'f0
(b) 150(“2Ca, “2Ca)!¢0
(c) 0(*Ca, “Ca)'e0
(d) 160(48C3., 48Ca)16o
(e) 160(48-“’ 48Ti)16o

Elastic angular distributions are reported on “°Ca at £(*°0) = 50t0 214.1 MeV [see (1982AJ01)]
and at £(*0) = 60 MeV (1982REO03; also on “**Ca; also inelastic distributions involving
Ca*) and at 150 MeV (1983STZW). Elastic angular distributions have been measured on “8Ca
at £(*%0) = 60 MeV [see (1982AJ01)] and at 56 MeV (1982REO03; also “*Ca*) and 158.2
MeV (1982HU10; also *¥Ca*). Yield, fusion cross section and evaporation residue measurements
are reported in (1982AJ01) and by (1981KU10, 1983CHO04, 19831KZZ, 1983ROZZ, 1983ST1L,
1985BU16, 1986NA01). See also (1984SAZX). For a measurement of the total non-fusion reac-
tion cross section at £(1°0) = 158.2 MeV (reaction (d)) see (1982HU10). For a study of deep
inelastic collisions at 142 MeV (reaction (d)) see (1982WAO03). For reaction (e) see (1985R101).

See also (1981TALJ, 1981TE1A), (1981SC1N, 1982BR1T, 1983BI1A, 1984FR1A, 1984MAZ2E,
1986BE2H) and (1981B0O31, 1981HU07, 19811S1B, 1981KR14, 1981KU09, 1981KU03, 1982AL02,
1982BES8, 1982BL12, 1982BR1E, 1982DA02, 1982HA56, 1982K025, 1982NE1E, 1982NG1B,
1982SA07, 1982ST08, 1982W0O1D, 1983BR1U, 1983CI108, 1983G009, 1983G013, 1983HU1C,
19830K06, 1983P008, 1983T0O03, 1983TO1K, 1983TO1Q, 1983VI1D, 1983WI1H, 1983WO008,
1984G013, 1984GU09, 1984HU1Q, 1984MA2K, 1984YA08, 1985AN16, 1985BL 01, 1985G001,
1985HU04, 1985ME14, 1985PA27, 1985QU02, 1985SA03, 1985ST20, 1985ST25, 1985UD02,
1985YA1H, 1986GA01, 1986MA04, 1986WAOS; theor.).

60. 170(~, n)'°0 Qum = —4.1436

See (1981HO1H, 1985JU02) and 'O.
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61. 7O(p, d)'°0 Qum = —1.9191

Angular distributions for the ground state deuteron group have been studied at £, = 8.62 to
11.44 MeV. At £, = 31 MeV, angular distributions are reported for the deuterons corresponding
to 60*(0, 6.05+6.13, 7.12, 8.87, 10.36, 12.97, 13.26). States at £, = 15.22 and 15.42 MeV were
also observed. Spectroscopic factors were obtained from a DWBA analysis: see (1977AJ02).

62. 170(d, t)1°0 Qu = 2.1136

Information obtained from this reaction at £4 = 52 MeV is displayed in Table 16.20. Com-
parison of the (d, t) and (d, ®He) reactions leads to assignments of analog states in **N and in 16O
[see Table 16.10 in (1982AJ01)]. A study of this reaction, the (d, *He) reaction, and reaction 63
below, suggests that there is more than 17% isospin mixing of the 2~ states 160*(12.97, 12.53):
the corresponding mixing matrix element is > 155 + 30 keV. An isospin mixing matrix element
of 110 & 10 keV for the 4~ states of *°O*(17.79, 18.98, 19.80) is compatible with the results from
this reaction and with pion scattering. [See also reaction 40.]

63. "O(He, «)!°0 Qu = 16.4341

Angular distributions have been reported at £(*He) = 11 MeV [see (1977AJ02)], at E(*He) =
14 MeV (1985P017; «y) and at E(3ITe>) = 33 MeV (1982KA12; to many states of 1°0). Table
16.20 displays some of the information derived from this reaction. For polarization measurements
see (1982KA12) and 2°Ne in (1983AJ01, 1987AJ02). See also (1982AJ01).

64. 80(r+, d)1°0 Qm = 130.3863

See (1982D001).

65. 120(p, )10 Qum = —3.7061

Angular distributions of tritons have been measured for £, = 43.7 MeV [see (1982AJ01)] and
at £, = 90 MeV (1985V0ZZ: to °0*(6.1, 6.92, 7.12, 9.84, 13.26, 16.35). The latter does no
have J™ = 0" (1985V0OZZ; prelim.). See, however, (1985BLZY; prelim.). The population of
160*(22.7, 24.5) is consistent with L = 0 and 2, respectively, and with assignments of 7" = 2,
J™ = 0% and 2%. The decay of 60*(22.7), J™; T = 0%; 2, is via ag, o; and ay [2C*(0, 4.4,
7.7)] with (1.6 £ 0.7), (1.9 + 0.7) and (14 + 2)% branches and T';(eV) = 190 + 100, 230 + 110
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and 1680 4 550 eV, respectively; via pg, p112, ps With (7 £ 2), (11 £ 2) and (5 + 2)% branches
and I';(eV) = 840 + 343, 1320 £ 454 and 600 £ 300 eV; and via n; 1, with a (23 £+ 15)% branch
[[', = 2760 + 1970 eV] (the ny branch is < 15%) [I'; are based on a total width of 12 + 3.5 keV].
See also (1982AJ01), F in (1987AJ02) and (1982G010, 1982NA1H, 1985BA1A,; theor.).

66. 180(cv, SHe)!°0 Qum = —11.213

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 4 0.1 MeV were also observed: see (1977AJ02).

67. 150(150, 200)'0 O = —0.624

Angular distributions involving *°O, s and 2°O states are reported at £(**0) = 24 to 36 MeV
and at 52 MeV: see (1982AJ01).

68. F(p, )'°O Qm = 8.1137

Angular distributions have been measured at many energies up to £, = 44.5 MeV [see
(1982AJ01)] and at £, = 1.55 to 2.03 MeV (1978DE1D; ay, a;), 1.66 to 1.86 MeV (19850U01;
ap), 10.0 to 11.4 MeV (1984IN04; O*(0, 6.05, 6.13, 6.92, 7.13, 8.87, 9.84, 10.36, 10.96,
11.08 4 11.10)). See also Table 16.31 in (1971AJ02).

The internal conversion to pair production ratio of the EQ transition 1°0*(6.05 — g.s.) [0T —
077 is (4.00 £ 0.46) x 10~°. The ratio of double v-emission to pair production I'gig1 /Tror) =
(2.5+1.1) x 10~ 7, for *60*(6.05, 6.13) are 96 + 7 psec and 26.6 + 0.7 psec, respectively. See
(1982AJ01) for references. |g| for 1°0*(6.13) = 0.556 + 0.004 (1984AS03). For ~-ray branching
ratios and mixing ratios see Table 16.11 and (1982VEO04).

See also 2°Ne in (1983AJ01, 1987AJ02), (1981KE1E, 1982MA1V, 1983GA18, 1983KNO1,
1984KN1A, 19851SZU, 1985L01C), (1981DO1G, 1983TO1F, 1984DU1H, 1985TO1J; applied)
and (1983IN1B).

69. 9F(3He, SLi)60 Qum = 4.0954

See (1977AJ02).

70. (a) *°Ne(y, «)'0 Qu = —4.734
(b) 2°Ne(p, pa)'®O Qm = —4.734
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See (1984CA09; reaction (b)) and (1982RA1M, 1982SA1A; astrophysics). See also (1982AJ01)
and *°Ne in (1983AJ01, 1987AJ02).

71. 2Ne(d, 6Li)'°0 Qm = —3.2589

Angular distributions have been studied at F4 to 80 MeV: see (1982AJ01). At Eq4 = 55
MeV 160*(0, 6.05, 6.13, 6.92, 9.8, 11.10) are strongly populated (1981JA1E; prelim.). See also
(1984C008; theor.).

72. 2Na(d, °Be)'60 Qm = —3.006

The angular distribution to '°O, . has been measured at £, = 13.6 MeV (1981RU09).

73. 2'Mg(a, 12C)100 Qum = —6.7712

Angular distributions have been reported at £, = 22.8 to 25.4 MeV and at 90.3 MeV, the latter
to 10*(0, 6.1, 7.0, 8.8, 9.8, 10.3) [see (1982AJ01)] and at £, = 25.1 to 27.8 MeV (1986SK01).

74. Mg('2C, 2°Ne)'60 Qum = —2.150

At E(*2C) = 40 MeV the ground state angular distribution has been studied by (1982L116).
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16|:
(Fig. 4 and 5)

GENERAL: (See also (1982AJ01).)

For reactions involving pions see (1983AS01, 1984AS05) and reaction 2. See also (1982BR08,
1983ANZQ, 1983AN25, 1983C015, 1983K0O2B, 1986 YA1Q, 1986 YALF).

For a comparison of analog states in 10 and °F see (1982FA06, 1983KE06, 1984ST10). See
also (1985AN28, 1985HA01).

1. (a) “N(*He, n)'SF Qm = —0.957
(b) “*“N(®*He, np)'*0 Qm = —0.421

Observed neutron groups from reaction (a) and results from reaction (b) are displayed in Table
16.25.

2. 160(y, 7)F Qm = —154.984

See (1983JE08).

3. 160(p, n)'°F Qm = —16.199

Observed neutron groups are displayed in Table 16.25. Angular distributions have recently
been studied at £, = 35 MeV (19820R04; ny, n;) and (19820H03; to 'F*(6.37)), at £, = 99.1
and 135.2 MeV (1982FA06; see Table 16.25) and at £/; = 135.2 MeV (1982MAL11; to '°F*(6.37)).
See also (1983MAZG, 1985FLZZ). (1982AN08) have compared (p, n) cross sections with B(M1).
See also '"F, (1984BA1R, 19850R1G), (1984LI25, 19850R1H) and (1984BO1N, 1984GA1M,
19840R01, 1985GA1N, 1985GA11, 1985YA10; theor.).

4. "SO(*He, t)'°F Qu = —15.436

Observed triton groups are shown in Table 16.25. Angular distributions at £(3*He) = 81 MeV,
analyzed by DWBA, and angular correlation measurements [mainly involving protons to 1°O*(0,
6.18)], together with information from reactions 1 and 3, lead to the J™ values shown in the table
(1984ST10). The analog of the giant dipole resonance [E, ~ 9.5 MeV] is strongly excited. The
magnetic quadrupole strength has two strong components in °F*(0.42, 7.5) (1984ST10). The 4~
state at 6.4 MeV and the GDR have also been observed by (1982TA05; E(*He) = 170 MeV). See
also (1984VA17) and (1982AJ01).
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Table 16.24: Energy levels of °F
E, JT T ['em. (keV) | Decay Reactions
(MeV =+ keV)

0 071 40£20° p 1,2,3,4,5,6
0.193 £6 1~ <40® p 1,3,4,6
0.424 £ 5 2- 40 £ 30 p 1,3,4,6
0.721 +4 3” <15 p 1,3,4,6
3.758 = 6 1t < 40 p 1,3,4,6
3.870 £ 6 2+ < 20 p 1,4,6
4.372+6 3+ 50 = 20 p 1,3,4,6
4.654 +6 1+ 60 £ 20 p 1,3,4,6
(4.71 4 20) 6
4.977 +£8 (2%) 60 & 40 P 1,4,6
5.272 £ 8 (17) p 1,34
5.404 £+ 10 4 p 1,4,6
5.449 + 14 P 1
552449 =+ P 1,4,6
(5.57 £ 20) p 1
5.856 £ 10 2- p 1,34
(6.05 + 20) 6
6.224 + 14 1,3
6.372 £ 9 4= 1,34
6.559 + 10 } 5 + 1) D 4
6.679 £ 8 <45 1,4,6
(6.93 + 20) 6
7.110 £ 20 1

7.50 £ 30 2- 950 £ 100 p 3,4
7.90 &+ 15 < 100 1,34
9.50 £+ 30 17(+27) | 1050 £ 100 p 3,4
9.60 £ 20 250 £ 50 4
11.50 &= 50 17(4+27) | 1900 + 500 p 3,4
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5. (a) 'SO(SLi, SHe)'°F QO = —18.924
(b) 150(7Li, THe)'SF O = —26.62

See (1984GL06; E(°Li) = 93 MeV, E(Li) = 78 MeV).

6. 1°F(3He, SHe)'SF Qum = —14.828

See Table 16.25 and (1982AJ01).

16Ne
(Fig. 5)

GENERAL.: (See also (1982AJ01).)

See (1981SE1B, 1983ANZQ, 1985AN28, 1985MALX).

Mass of “Ne: The Q-values of the 2°Ne(«a, ®He) and %O(x+, 7~) reactions lead to atomic
mass excesses of 23.93+0.08 MeV (1978KE06), 23.978 £0.024 MeV (1983WO01) and 24.048 +
0.045 MeV (1980BU15) [recalculated using the (1985WA02) masses for ®He, 190 and 2°Ne]. The
weighted mean is 23.989 4= 0.020 MeV which is also the (1985WA02) value. '°Ne is then bound
with respect to decay into °F + p by 0.07 MeV and unbound with respect to *O + 2p by 1.40
MeV.

1. 1°0(7*, 77)°Ne Qum = —24.77

Angular distributions to '°Ne, ; have been studied at £+ = 120 and 200 MeV (1984G105)
and at 164 MeV (1983GR07). For the ground state cross section for £+ = 80 to 292 MeV
see (1982GR02, 1982GR1F) and the analysis in (1982BL20, 1984GI105, 1985G106). See also
(1982AJ01, 1982IN1A, 1982M012, 1984BA1B, 1985WO0O1C).

2. 2Ne(a, ®He)'*Ne Qm = —60.21

At E, ~ 117.5 MeV, ¥Ne*(0, 1.69 + 0.07) are populated, the former with a differential cross
section of 5 + 3 nb/sr at 8° (lab). The I'..,,,. for the ground state group is 200 + 100 keV; applying
penetrability corrections leads to a total decay width of 5 — 100 keV. The di-proton branching ratio
is 10 — 90%, with the most probable value being 20%. The cubic term, b, in the IMME is 8 + 5
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Table 16.26: Energy levels of *Ne

B, J* T | I'ewm (keV) | Decay | Reactions
(MeV + keV)
0 0t;2 | 122437 p 1,2
1.69+0.07 | (27);2 (p) 2

keV, 15 & d keV based, respectively, on the masses of “Ne*(0, 1.69). The first 7' = 2 states in
I6F[0*, 27] are predicted to lie at £, = 10.08 4= 0.02 and 11.87 & 0.03 MeV (1978KE06). At
E, =129 MeV (1983W001) find I, for '®Ne, = 110 + 40 keV and the d and e coefficients
in the IMME are both 4 + 3 keV.

16Na 16Mg 16A| 168i
(Not observed)

See (1983ANZQ; theor.).
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