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19He, 19Li, 19Be
(Not observed)

See (1983ANZQ).

19B
(Not illustrated)

19B has been observed in the bombardment of Be by 12 MeV/A 56Fe ions (1984MU27) and
in the fragmentation of 44 MeV/A 40Ar (1988GU1A) and 55 MeV/A 48Ca (1991MU19). See also
(1989DE52). The mass excess adopted by (1993AU05) is 59.360 ± 0.400 MeV.

Shell model predictions for low-lying levels are discussed in (1992WA22). See also (1989PO1K,
1990LO11).

19C
(Fig. 4)

19C has been observed in the 0.8 GeV proton bombardment of thorium (1986VI09, 1988WO09)
and in the fragmentation of 66 MeV/A argon ions (1987GI05) and in 44 MeV/A 22Ne on 181Ta, and
in 112 MeV/A 20Ne on 12C (1994RAZW, 1995OZ02). The mass excess adopted by (1993AU05)
is 32.23 ± 0.11 MeV. See also (1986VI09, 1987GI05, 1988WO09, 1991OR01). 19C is then stable
with respect to decay into 18C + n by 0.16 MeV and into 17C + 2n by 4.35 MeV. The half-life was
measured to be 30±10 ms (1988DUZT) and 45.5±4.0 ms (1994RAZW). The total reaction cross
section for 19C on Cu has been measured by (1989SA10). See also (1987DUZU) and the review
of exotic light nuclei of (1989DE52).

Hartree-Fock calculations by (1987SA15) predicted ground state properties and spectra of 19C
and other exotic light nuclei. A shell model study is presented in (1992WA22). Microscopic
predictions of β-decay half lives are discussed in (1990ST08). The relative yields of carbon iso-
topes produced in the fragmentation of 84Kr are calculated in (1987SN01). See also the study by
(1992LA13) of the influence of separation energy on the radius of neutron rich nuclei.

19N
(Fig. 4)

19N has been produced in a number of different multinucleon transfer reactions (1983AJ01,
1987AJ02), and these results lead to an adopted value (1993AU05) of 15.860 ± 0.016 MeV for
the mass excess. 19N is then stable with respect to decay into 18N + n by 5.33 MeV. The half-life
has been measured to be 0.32 ± 0.10 s (1986DU07), 0.21+0.2

−0.1 s (1988MU08), 0.235 ± 0.032 s
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(1988SA04), 0.300 ± 0.080 s (1988DUZT), 0.329 ± 0.019 s (1991RE02). The neutron emis-
sion probability has been measured to be Pn = 33+34

−11 % (1988MU08) and Pn = 62.4 ± 2.6 %
(1991RE02).

Excited states in 19N observed in 18O(18O, 17F)19N have been reported by (1989CA25) at Ex =
1.11 ± 0.02, 1.65 ± 0.02, 2.54 ± 0.03, 3.47 ± 0.03, and 4.18 ± 0.02 MeV. See also (1987AJ02,
1988DUZT, 1995OZ02).

A discussion of self-consistent calculations for light neutron-rich nuclei is presented in (1990LO11).
Extensive shell model calculations for observables in exotic light nuclei are discussed in (1993PO11).
See also the shell model calculations and discussions in (1992WA22).

19O
(Figs. 1 and 4)

GENERAL: See Table 19.1.

1. 19O(β−)19F Qm = 4.819

The weighted mean of several half-lives is 26.96 ± 0.07 s: see (1972AJ02, 1987AJ02). The
decay is complex: see reaction 34 of 19F and Tables 19.23 and 19.24.

2. 9Be(18O, 8Be)19O Qm = 2.293

See (1983AJ01).

3. 13C(7Li, p)19O Qm = 7.412

States of 19O reported in this reaction are displayed in Table 19.4.

4. 17O(t, p)19O Qm = 3.520

Proton groups corresponding to 19O states with Ex ≤ 5.6 MeV and Eγ measurements are
displayed in Table 19.5.

5. (a) 18O(n, γ)19O Qm = 3.957

(b) 18O(n, n′)18O Eb = 3.957
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Table 19.1: 19O – General

Reference Description

Nuclear Models

1987CH1J Nucl. struc. calcs. using mixed-config. shell model: effective & surface δ-interactions
1988BR11 Semi-empirical effective interactions for the 1s-0d shell
1988ET01 Analysis of magnetic dipole transitions between sd-shell states of some A = 17–39 nucl.
1988WA17Shell model predictions of energy spectra and wave functions for 19N(β−)19O
1989CA25 Multinucleon transfer rxns. at 117 MeV & shell model calc. of 17,19N, 19,21O levels
1990SK04 A = 18 nuclei, effective interaction in the sd shell (also calc. A = 19 energy spectra)
1991MA41Finite nuclei calculations with realistic potential models
1992JI04 Bonn potential used to evaluate energy spectra of some light sd-shell nuclei
1992ZH15 Theoretical calculation of neutron induced data of 19F and uncertainties of parameters
1993PO11 Shell-model calcs. of several properties of exotic light nuclei

Special States

1987CH1J Nucl. struc. calcs. using mixed-config. shell model: effective & surface δ-interactions
1987LI1F Double-δ & surface-δ interactions and spectra of oxygen isotopes in the sd shell
1988WA17Shell model predictions of energy spectra and wave functions for 19N(β−)19O
1989CA25 Multinucleon transfer rxns. at 117 MeV & shell model calcs. of 17,19N, 19,21O levels
1989SA1H Second class currents & neutrino mass in mirror transitions (A = 19)
1990SK04 A = 18 nuclei, effective interaction in the sd shell (also calc. A = 19 energy spectra)
1993NA08 Charge-symmetry-breaking nucleon-nucleon interaction in the 1s0d-shell nuclei

Complex Reactions

Review:
1988JO1B Heavy ion radioactivity
Other Articles:
1987BU07 Projectile-like fragments from 20Ne + 197Au – counting simultaneously emitted neutrons
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Table 19.1: 19O – General – cont.

Reference Description

Complex Reactions – cont.

1987MI27 Measurement of total reaction cross sections of exotic neutron-rich nuclei
1989BA92 Evaluation of hypernucleus production cross-sections in relativistic heavy-ion collisions
1989CA25 Multinucleon transfer rxns. at 117 MeV & shell model calc. of 17,19N, 19,21O levels
1989SA10 Total cross sections of reactions induced by neutron-rich light nuclei

The thermal capture cross section is 0.16 ± 0.01 mb (1981MUZQ). The scattering length
b = 5.84± 0.07 fm, σfree = 3.86± 0.10 b (1979KO26). The total cross section has been measured
for En = 0.14 to 2.47 MeV [see (1978AJ03)] and at En = 5 to 7.5 MeV [G. Auchampaugh,
quoted in (1986KO10)]. A multi-level R-matrix analysis of these and additional σ(θ) data leads
to the states shown in Table 19.6 and to some additional structures. The five 7

2

− states [19O*(6.27,
9.64, 9.84, 10.21, 10.66)] (see, however, footnote (a) to Table 19.6) contain about 20–30% of
the allowed f7/2 single-particle strength. See also the compilation of neutron cross sections in
(1988MCZT). Isobaric analog assignments are presented (1986KO10). See also (1982RA1A) and
see the astrophysical discussion in (1988AP1A, 1988MA1U).

6. 18O(n, α)15C Qm = −5.009 Eb = 3.957

The total cross sections for the α0 and α1 groups have been measured for En = 7.5 to 8.6 MeV:
resonance structure is reported at En = 7.70 ± 0.05 and 8.05 ± 0.05 MeV with Γlab = 0.25 and
0.35 MeV, respectively [19O*(11.25, 11.58)]: see (1978AJ03).

7. 18O(d, p)19O Qm = 1.733

Angular distributions have been measured at Ed = 0.8 to 15 MeV: see (1978AJ03, 1983AJ01).
The ln values and spectroscopic factors derived from these measurements are displayed in Ta-
ble 19.5. Branching ratios are shown in Table 19.3. 19O*(0.096) has g = −0.48 ± 0.06; its
configuration appears to be mainly d3

5/2, and B(M1) = 0.040 ± 0.015 μ2
N. The ΔE value for

the 1.47 → 0.096 transition is 1375.3 ± 0.5 keV. Assuming Ef = 96.0 ± 0.5 keV (Table 19.2),
Ei = 1471.4±0.7 keV. Angular correlations are consistent with Jπ = 5

2

+
for the ground state and
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Fig. 1: Energy levels of 19O. For notation see Fig. 2.
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Table 19.2: Energy Levels of 19O a

Ex (MeV ± keV) Jπ; T τ or Γc.m.
b Decay Reactions

0 5
2

+
; 3

2
[τ1/2 = 26.91 ± 0.08 s] β− 1, 2, 3, 4, 5, 7, 8, 9, 10

0.0960 ± 0.5 3
2

+
τm = 2.00 ± 0.07 ns γ 3, 4, 7, 8, 9, 10

[g = −0.48 ± 0.06]

1.4717 ± 0.4 1
2

+
τm = 1.27 ± 0.17 ps γ 3, 4, 7, 8

2.3715 ± 1.0 9
2

+
τm > 3.5 ps γ 3, 4, 7

2.7790 ± 0.9 7
2

+
τm = 93 ± 19 fs γ 3, 4, 7, 8

3.0674 ± 1.6 (3
2

+
) d τm ≥ 1 ps γ 3, 4, 7, 8

3.1535 ± 1.7 5
2

+ (τm ≥ 1 ps) γ 3, 4, 7, 8

3.2316 ± 2.3 (1
2
, 3

2

−
) d 3, 4, 7, 8

3.9449 ± 1.4 c 3
2

−
γ 3, 4, 7

4.1093 ± 1.9 3
2

+
Γ < 15 keV 3, 4, 7

4.3281 ± 2.4 3
2
, 5

2
Γ < 15 keV 3, 4, 7

4.4025 ± 2.7 3
2
→ 7

2
Γ < 15 keV 3, 4, 7

4.5820 ± 4.6 3
2

−
Γ = 52 ± 3 keV n 3, 4, 5, 7

4.7026 ± 2.7 5
2

+
Γ < 15 keV 3, 4, 7, 8

4.9683 ± 5.5 5
2
, 7

2
3

5.0070 ± 4.5 3
2
, 5

2
Γ < 15 keV 3, 4, 7

5.0820 ± 5.4 1
2

−
Γ = 49 ± 5 keV n 3, 5

5.1484 ± 3.2 ≥ 5
2

+
Γ = 3.4 ± 1.0 keV n 3, 4, 5, 7

5.3840 ± 2.8 (9
2
→ 13

2
) 3

5.5035 ± 3.1 c Γ < 15 keV 3, 4, 7

5.54 3
2

+
Γ ≈ 490 keV n 5

5.7046 ± 4.3 c 7
2

−
Γ = 7.8 ± 1.4 keV n 3, 4, 5, 7, 8

6.1196 ± 3.2 c 3
2

+
Γ ≈ 110 keV n 3, 5

6.1916 ± 5.5 3

6.2693 ± 2.6 7
2

−
Γ = 19.2 ± 2.4 keV n 3, 4, 5, 7, 8

6.4058 ± 3.1 c 3

6.4662 ± 4.8 (7
2
→ 11

2
) (n) 3, 5, 7

6.583 ± 6 c 3, 7

6.903 ± 8 3, 7

6.988 ± 9 3, 7
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Table 19.2: Energy Levels of 19O a (continued)

Ex (MeV ± keV) Jπ; T τ or Γc.m.
b Decay Reactions

7.118 ± 10 3, 7

7.242 ± 8 3, 7

7.508 ± 10 3

8.048 ± 20 3

8.132 ± 20 3

8.247 ± 20 3

8.450 ± 20 3

8.561 ± 20 3

8.591 ± 20 3

8.916 ± 20 3

8.923 ± 20 3

9.022 ± 20 3

9.064 ± 20 3

9.253 ± 20 3

9.324 ± 20 3

9.43 3

9.56 3

9.6 7
2

−
n 3, 5

9.9 7
2

−
n 3, 5

9.93 3

9.98 3

10.21 7
2

−
n 5

10.66 7
2

− n 5

11.25 ± 50 Γ = 240 keV n, α 6

11.58 ± 50 Γ = 330 keV n, α 6

a See also Tables 19.3 and 19.7.
b See also reaction 1 and Table 19.2 in (1978AJ03).
c See footnotes to Table 19.4.
d (1987AJ02) gave Jπ = 3

2

+
for these levels. Assignments have been revised based on arguments presented in

(1988WA17).
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Table 19.3: Radiative decays in 19O a

Ei (MeV) Jπ
i Ef (MeV) Branch (%) a δ

0.096 3
2

+
0 100

1.47 1
2

+
0 2.0 ± 0.2

0.096 98.0 ± 0.2

2.37 9
2

+
0 100 0.002 ± 0.05

2.78 7
2

+ 0 100 0.8 ± 0.5

3.07 3
2

+
1.47 100

3.16 5
2

+ 0 8 ± 4

0.096 92 ± 4 0.03 < δ < 2.3

3.94 3
2

− 0 33 ± 8

0.096 39 ± 8

1.47 28 ± 4

a For other values and for references see Table 19.5 in ( 1978AJ03).

unambiguously fix Jπ = 3
2

+
and 1

2

+
, respectively, for 19O*(0.096, 1.47): see (1978AJ03) for

references. See also (1986SE1B).

8. 18O(α, 3He)19O Qm = −16.620

Differential cross sections were measured at Eα = 65 MeV and analyzed with DWBA calcu-
lations (1992YA08). See Table 19.7.

9. 19N(β−)19O Qm = 12.528

Many measurements of the half-life have been reported (see 19N) and a value of 0.304±0.016 s
has been adopted. A neutron emission probability of 33+34

−11% (1988MU08) and 62.4 ± 2.6%
(1991RE02) has been measured. Shell model predictions for the 19N(β−)19O decay are discussed
in (1988WA17), and a β− delayed γ decay scheme for 19O based on measurements of (1986DU07)
(Eγ = 96.0±1.0, 709.2±0.8, and 3137.8±1.0 keV with relative intensities of 100±10, 63±21,
and 76± 21) is proposed. Arguments for Jπ = (3

2

+
) and (1

2
, 3

2

−
) for the 3067 and 3232 keV levels

are given. Evidence on the formation and decay of the 3945 keV complex of levels is reviewed.
These calculations predict a 19N half life of 0.54 s and a neutron emission probability Pn = 0.87.
They also predict Jπ = 1

2

−
for the 19N ground state and branching ratios for decay to 19O levels.
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