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20O
(Not illustrated)

GENERAL:

Mass of 20O: The mass excess of20O is estimated as13.3 ± 2 MeV by extrapolation from
heavierA = 4n isobars (see (1954SH28, 1955AJ61)). 20O is then stable to neutron emission by
≈ 4 MeV.

20O has not been observed. A recent attempt to detect itsβ-decay was unsuccessful: (1956KA1E)
bombarded18O with 40-MeVα-particles (18O(α, 2p)20O, Qm = −20.3) and found thatτ1/2 is not
in the range 10 min to 150 years. Ifτ1/2 is between 1 sec and 10 min, the cross section for the (α,
2p) reaction is less than a few milibarns.

Two possible reactions leading to20O are18O(t, p)20O (Qm = −0.5) and 22Ne(n, 3He)20O
(Qm = −22).

20F
(Fig. 44)

GENERAL:

Theory: See (1957RA1C).

1. 20F(β−)20Ne Qm = 7.050

See20Ne.

2. 17O(α, p)20F Qm = −5.659

Not observed.

3. 18O(d, n)19F Qm = 5.737 Eb = 12.343

See19F.

4. 18O(d, p)19O Qm = 1.731 Eb = 12.343

The proton yield has been measured fromEd = 0.79 to 0.88 MeV (1956AH1A). See also
(1959ZI16) and19O.
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Table 20.1: Energy levels of20F

Ex Jπ τ1/2 or Γ Decay Reactions

(MeV ± keV) (keV)

0 2+, 3+ τ1/2 = 11.4 ± 1 sec β− 1, 6, 9, 15, 23, 24

0.652 ± 8 1+, 2+, 3+ γ 15, 23

0.828 ± 8 1+, 2+, 3+ 15

0.988 ± 8 1+, 2+, 3+ 15

1.059 ± 8 0+, 1+ γ 15

1.309 ± 8 15

1.970 ± 8 15

2.048 ± 8 1+, 2+, 3+ 15

2.195 ± 8 1+, 2+, 3+ 15

2.870 ± 8 2−, 3−, 4− 15

2.966 ± 8 0−, 1−, 2− 15

3.491 ± 8 0+, 1+ 15

3.528 ± 8 0+, 1+ 15

3.586 ± 8 15

3.681 ± 8 15

3.961 ± 9 15

4.079 ± 9 0+, 1+ 15

4.275 ± 9 15

4.310 ± 9 0+, 1+ 15

5.04 ± 20 0−, 1−, 2− 15

5.19 ± 20 0−, 1−, 2− 15

5.27 ± 20 0−, 1−, 2− 15

5.72 ± 20 15

5.87 ± 20 0−, 1−, 2− 15

5.95 ± 20 0−, 1−, 2− 15

6.25 ± 20 15

6.52 ± 20 0−, 1−, 2− 15

6.63 ± 10 2− 0.36 ± 0.08 n, γ 9, 10, 15

6.65 ± 10 1− 1.4 n, γ 9, 10

6.70 ± 10 1− 11 ± 2 n, γ 9, 10
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Table 20.1: Energy levels of20F (continued)

Ex Jπ τ1/2 or Γ Decay Reactions

(MeV ± keV) (keV)

6.87 ± 15 24 ± 10 n, γ 9, 10, 11

6.93 ± 25 190 ± 95 n, (γ) 9, 10

7.01 ± 15 24 ± 14 n, (γ) 9, 10, 11

7.09 ± 15 24 ± 14 n, γ 9, 10, 11

7.17 ± 15 24 ± 10 n, γ 9, 10, 15

7.35 n, (γ) 9, 11

7.39 n 11

7.44 n, (γ) 9, 11

7.51 ± 20 n, (γ) 9, 10, 11

7.65 ± 20 n, (γ) 9, 10

7.79 ± 20 n, γ 9, 10

8.18 ± 20 n, γ 9, 10

8.55 ± 20 n 10

8.74 ± 20 n 10

9.8 ± 100 n, α 14

10.04 ± 50 n, α 14

10.11 ± 50 n, α 14

10.19 ± 50 n, α 14

10.53 ± 50 n, α 14

10.81 ± 50 n, α 14

11.22 ± 50 n, α 14

11.39 n, α 14

11.74 n, α 14

11.92 n, α 14

12.21 ± 100 n, α 14

12.38 n, α 14

13.60 450 d, α 5

13.92 360 d, α 5

14.28 270 d, α 5

14.95 540 d, α 5
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5. 18O(d,α)16N Qm = 4.237 Eb = 12.343

The cross section has been measured forEd = 0.5 to 3.0 MeV. Resonances are observed at
Ed = 1.40, 1.75, 2.15, and 2.90 MeV, with widths of 500, 400, 300, and 600 keV, respectively,
corresponding to20F*(13.60, 13.92, 14.28, and 14.95 MeV) (1957BO04). See also16N.

6. 18O(t, n)20F Qm = 6.085

See (1956SH1A).

7. 18O(3He, p)20F Qm = 6.850

Not reported.

8. 18O(α, d)20F Qm = −11.501

Not reported.

9. 19F(n,γ)20F Qm = 6.606

The thermal capture cross section is9.4 ± 2 mb (1947SE33). The γ-spectrum has been
measured by (1957CA28) who find transitions withEγ (corrected for recoil) of6.600 ± 0.011,
6.019 ± 0.011, 5.54 ± 0.02, 5.28 ± 0.02, and5.10 ± 0.02 MeV, with intensities of 30, 16, 24, 27,
and 14 photons per 100 captures, respectively. The 6.60 MeV line is the ground state transition;
the other transitions are not uniquely determined. Upper limits for transitions to20F*(0.65, 0.83,
and 0.99 MeV) are 1, 3, and 7 photons per capture, respectively. Theγ-rays of energy 5.54 and
5.28 MeV may result from transitions to20F*(1.06 and 1.31) (1957CA28). Two resonances for20F
production are observed atEn = 280 and 590 keV, with widths≈ 20 keV and peak cross sections
of 1.2 and 1.3 mb, respectively;ωΓγ ≈ 15 eV (1950HE92). A number of additional resonances
appear in the rangeEn = 25 to 2000 keV: see (1958HU18). See also (1951KI35).

10. 19F(n, n)19F Eb = 6.606
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The coherent scattering cross section is3.8± 0.3 b; the total cross section (epithermal, bound)
is 4.0 ± 0.1 b (1958HU18). The cross section is approximately constant at≈ 3.7 b from 0.02 eV
to 20 keV (1958HU18). Resonances in the total cross section are listed in Table20.2. TheJπ

assignments indicated for the first three levels (p-wave) are based on elastic scattering distributions
and total cross sections (1958BL54).

Total cross sections have been measured toEn = 5 MeV by (1958WI36), from En = 3 to 14
MeV by (1954NE03), from En = 3.8 to 8.1 MeV by (1957BO13), from En = 4.4 to 5.6 MeV
by (1956BE98) and fromEn = 7 to 14 MeV by (1958BR16). The cross section shows structure
at least as high asEn ≈ 7.5 MeV: see (1956BE98, 1957BO13, 1958WI36). For the presentation
of the data as a whole, see (1958HU18). Angular distributions have been measured and phase
shifts determined at five energies in the rangeEn = 0.66 to 2.92 MeV by (1958WI36). See also
(1955PA1B, 1957LA14) and (1956NE1C; theor.).

11. 19F(n, n′)19F* Eb = 6.606

Observed resonances in the yield of 0.1 and 0.2 MeVγ-radiation (see19F) for En < 1 MeV are
exhibited in Table20.3. A satisfactory fit to the excitation function forEn < 300 keV is obtained
on the assumption for p-wave resonances atEn = 100 and 260 keV. The excitation functions for
0.1, 0.2, 1.24, and 1.37 MeVγ-rays have been measured toEn = 2.2 MeV (1955FR1B).

The cross section for excitation of19F*(2.79) has been studied fromEn = 3 to 3.6 MeV. The
very slow rise for the first 300 keV above threshold suggests alarge spin difference between the
2.79 MeV level and the ground state (1957FR57). See also (1955AJ61, 1956VA29).

12. 19F(n, 2n)18F Qm = −10.414 Eb = 6.606

The cross section atEn = 14.1 MeV is 62 mb (1958AS63); at En = 14.5 MeV it is 60 mb
(1953PA1C). See also (1952AJ38, 1958RA1H).

13. 19F(n, p)19O Qm = −4.006 Eb = 6.606

The excitation function has been measured fromEn = 4.7 to 8.0 MeV; it shows a single broad
maximum at 7.5 MeV. ForEn < 8 MeV, the (n,α) cross section is at least twice as large as the (n,
p) cross section (1955MB01). At En = 14.5 MeV, σ(n, α)/σ(n, p) = 1.2 ± 0.4 (1958KO03); σ(n,
p) = 135 mb (1953PA1C). See (1958HU18).

14. 19F(n,α)16N Qm = −1.500 Eb = 6.606
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Table 20.2: Resonances in19F(n, n)19F

En (keV) Γlab (keV) σmax (b) 20F* (MeV) Jπ

27 a 0.38 ± 0.08 a 23.7e 6.63 2− e

49.5b 1.4 e 22.7 6.65 1− e

99.5b 11 ± 2 b,e 22.7 6.70 1− e

280 ± 10 c 25 ± 10 10.0 6.87

340 ± 20 c 200 ± 100 8.0 6.93

420 ± 10 c 25 ± 15 8.8 7.01

510 ± 10 c 25 ± 15 5.7 7.09

590 ± 10 c 25 ± 10 6.0 7.17

950d 4.0 7.51

1100d 3.5 7.65

1240d 4.2 7.79

1660d 3.6 8.18

2040d 3.3 8.55

2250d 3.0 8.74

a (1958HU18).
b (1955HI1C, 1958HU18).
c (1950BO95, 1958HU18).
d (1951WI1A, 1958WI36).
e (1957CR65, 1957ME1E, 1958BL54).

Observed resonances are listed in Table20.4(1955BO98, 1955MB01: see graph in (1958HU18)).
See also (1937WI1A, 1955BO1C, 1955GR18, 1958KO03).

15. 19F(d, p)20F Qm = 4.379

Q0 = 4.383 ± 0.015 (1957KH16);

Q0 = 4.38 ± 0.03 (1956EL1A).

Energy levels of20F derived from the proton groups are listed in Table20.5 (1952WA1A,
1956EL1A, 1957KH16). TheJπ assignments given in the table result from analysis of angular dis-
tributions by stripping theory. The angular distribution of the ground state protons has been studied
at a number of energies (1953BR1C, 1956TA1D, 1956VA17, 1957ON1A, 1957SE1D). The pat-
tern varies strongly with energy, suggesting compound nucleus interaction rather than stripping: it
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Table 20.3: Resonances in19F(n, n′γ)19F (1955FR1B)

En (0.1) σ a (0.1-MeVγ) En (0.2) σ a (0.2-MeVγ) 20F*

(keV) (b) (keV) (b) (MeV)

(100) (6.70)

270 4.6 (300) 0.8 6.87

(390) 1.4 420 2.1 (7.01)

(500) 1.1 (7.08)

(780) 0.6 780 0.8 7.35

830 0.9 7.39

880 0.8 7.44

950 0.7 950 1.3 7.51

a Cross sections±40%.

is concluded that an earlier assignment ofJ = 1+ (1953BR1C) is not supported (1957SE1D). See
also (1956OK1A, 1956TO1C; theor.). AtEd = 1.05 MeV, γ rays are observed withEγ = 0.64
and 1.06 MeV (1954TH1B).

It is of interest to note that among the levels of20F there occur seven groups with equal spacings
of 165n keV, wheren is an integer for each group (1952WA1A, 1956EL1A). AboveEx = 5 MeV,
only odd parity levels appear; below this value, even parities predominate. The levels appear in
groups of the same parity, separated by≈ 0.6 MeV (1956EL1A).

16. 20Ne(n, p)20F Qm = −6.267

Not observed.

17. 20Ne(t, 3He)20F Qm = −7.032

Not observed.

18. 21Ne(n, d)20F Qm = −10.797

Not observed.
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Table 20.4: Resonances in19F(n,α)16N

En
a En

b σmax
a σmax

c 20F*

(MeV) (MeV) (mb) (mb) (MeV)

3.4 9.8

3.61 ± 0.05 48 10.04

3.69 ± 0.05 55 10.11

3.77 ± 0.05 44 10.19

4.11 ± 0.05 4.17 90 11.1 10.53

4.42 ± 0.05 167 10.81

4.68 11.7

4.86 ± 0.05 186 11.22

5.04 12.2 11.39

5.40 12.3 11.74

5.59 11.9 11.92

5.9 ± 0.1 5.90 268 11.4 12.21

6.08 10.6 12.38

a (1955MB01): cross sections±40%.
b (1955BO98).
c (1955BO98, 1958WA1C).

Table 20.5: Proton groups from19F(d, p)20F

Ex Ex Ex (2J + 1)θ2 ln Jπ

(MeV ± keV) (MeV) (MeV) (%)

(1952WA1A) (1957KH16) a (1956EL1A) b (1956EL1A) (1956EL1A)

0

0.652 ± 8 0.66 8.0 2 c 1+, 2+, 3+

0.828 ± 8 0.81 0.5 2 1+, 2+, 3+

0.988 ± 8 0.5 2 1+, 2+, 3+

1.059 ± 8 1.08 0.1 0 0+, 1+

1.309 ± 8 1.34 iso.

1.970 ± 8

2.048 ± 8 8.1 2 1+, 2+, 3+

10



Table 20.5: Proton groups from19F(d, p)20F (continued)

Ex Ex Ex (2J + 1)θ2 ln Jπ

(MeV ± keV) (MeV) (MeV) (%)

(1952WA1A) (1957KH16) a (1956EL1A) b (1956EL1A) (1956EL1A)

2.195 ± 8 2.15 2.8 2 1+, 2+, 3+

2.870 ± 8 5.7 3 2−, 3−, 4−

2.966 ± 8 0.6 1 0−, 1−, 2−

3.11

3.491 ± 8 7.1 0 0+, 1+

3.528 ± 8 7.1 0 0+, 1+

3.586 ± 8 3.58

3.681 ± 8 3.77

3.961 ± 9

4.079 ± 9 4.09 2.1 0 0+, 1+

4.275 ± 9

4.310 ± 9 4.37 3.6 0 0+, 1+

(4.73)

(5.062 ± 11) 4.86 5.04 0.7 1 0−, 1−, 2−

5.16 5.19 1.0 1 0−, 1−, 2−

5.27 1.8 1 0−, 1−, 2−

5.41

5.54

5.72

5.87 4.4 1 0−, 1−, 2−

5.95 9 1 0−, 1−, 2−

6.07

6.17 6.25

6.36

6.47 6.52 9 1 0−, 1−, 2−

6.65 6.63 5 1 0−, 1−, 2−

6.74

6.81 7 1 0−, 1−, 2−

6.98
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Table 20.5: Proton groups from19F(d, p)20F (continued)

Ex Ex Ex (2J + 1)θ2 ln Jπ

(MeV ± keV) (MeV) (MeV) (%)

(1952WA1A) (1957KH16) a (1956EL1A) b (1956EL1A) (1956EL1A)

7.20 4 1 0−, 1−, 2−

(1952WA1A): Ed = 1.8 MeV.

(1956EL1A): Ed = 8.9 MeV.
a Ed = 3.3 to 4.0 MeV; errors± 20-25 keV (1957KH16).
b Levels 1-19 of (1952WA1A) identified, but not measured; errors on remaining levels±20 keV (1956EL1A).
c See also (1956TA1D, 1957ON1A, 1957SE1D).

19. 21Ne(d,3He)20F Qm = −7.530

Not observed.

20. 21Ne(t,α)20F Qm = 6.789

Not observed.

21. 22Ne(n, t)20F Qm = −14.905

Not observed.

22. 22Ne(p,3He)20F Qm = −15.670

Not observed.

23. 22Ne(d,α)20F Qm = 2.681

Alpha particle groups have been observed atEd = 7.8 MeV corresponding to the ground state
and to a level at0.57 ± 0.13 MeV (1951MI1A).

24. 23Na(n,α)20F Qm = −3.888

See (1950JE1A).
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20Ne
(Fig. 45)

GENERAL:

Theory: See (1955GA1C, 1955HE1E, 1956MO1D, 1957BA1H, 1957RA1C).

1. 9Be(14N, t)20Ne Qm = 6.323

See (1958GO71).

2. 16O(α, γ)20Ne Qm = 4.753

An unsuccessful attempt has been made to observe the isobaric spin-forbidden transition be-
tween theT = 0 states at 7.19 MeV (J = 3−) and 1.63 MeV (J = 2+). The radiative width is
< 6 × 10−3 eV, indicating an admixture ofT = 1 of < 1.3 × 10−3 in 20Ne*(7.19) (1957TO1B).
The relevance of alpha capture in16O to element synthesis has been discussed by (1956CA1F,
1956HA1C, 1956HA1D, 1957BU66, 1957LI1A, 1957SA1B).

3. 16O(α, n)19Ne Qm = −12.158 Eb = 4.753

See (1947TE01).

4. 16O(α, p)19F Qm = −8.119 Eb = 4.753

See19F.

5. 16O(α, pn)18F Qm = −18.533 Eb = 4.753

See (1947TE01).

6. 16O(α, α)16O Eb = 4.753

The elastic scattering has been studied in the rangeEα = 0.9 to 4.0 MeV by (1953CA44) and
from Eα = 3.9 to 5.5 MeV by (1958MC61): see Table20.7. See also (1940FE01, 1957CO1H,
1958CO59) and16O.
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Table 20.6: Energy levels of20Ne

Ex Jπ; T τm or Γ Decay Reactions

(MeV ± keV) (keV)

0 0+; 0 − stable 1, 9, 13, 20, 21, 22, 25

1.632 ± 4 2+; 0 τm = (7.6 ± 3.3) × 10−13 sec γ 9, 13, 16, 20, 21, 22, 25

4.248 ± 6 ; 0 γ 13, 20, 22, 25

4.969 ± 6 ≥ 1; 0 γ 9, 20, 22, 25

5.631 ± 6 ; 0 13, 20, 22, 25

6.745 ± 10 0+; 0 19 α 6

7.189 ± 10 3−; 0 8 α 6, 13, 22

7.225 ± 10 0+; 0 4 α 6, 13, 20

7.457 ± 10 2+; 0 8 α 6, 20

7.861 ± 10 2+; 0 2 α 6, 13, 20

≈ 8.6 0+; 0 ≈ 1300 α 6

8.76 1−; 0 4 α 6

≈ 8.8 2+; 0 ≈ 1200 α 6

8.84 (5−); 0 ≤ 4 α 6

8.91 1−; 0 20 α 6

9.11 4+; 0 8 α 6, 13, 20

9.34 ± 100 (≤ 2−) γ 13, 20

9.97 ± 100 ; (1) (γ), (α) 13, 20

(10.61 ± 100) ; (1) (γ) 13

11.11 γ 13

11.19 γ 13

11.33 γ 13

11.42 γ 13

11.69 γ 13

11.87 ; (1) (γ), α 13

12.27 γ 13

12.51 γ 13

13.086 ± 8 1.0 p, α 11

13.196 ± 8 1+ 3.1 ± 0.2 p, α 11

13.253 1− 100 p, α 11
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Table 20.6: Energy levels of20Ne (continued)

Ex Jπ; T τm or Γ Decay Reactions

(MeV ± keV) (keV)

13.253 0+ 100 p, α 11

13.332 ± 8 0.9 p, α 11

13.440 ± 8 (2−) 28 ± 3 p, α 11

13.491 1− 190 p, α 11

13.511 ± 8 1+ 5.8 ± 0.7 p, α, γ 9, 10, 11

13.548 ± 10 1− 33 p, α 11

13.569 ± 10 2+ 63 p, α 11

13.613 ± 10 2+ ≈ 10 p, α 10, 11

13.667 ± 8 6.2 ± 1 p, α 10, 11

13.673 ± 10 0+, 2+ 20 p, α 10, 11

13.690 ± 10 1− 110 p, α 11

13.703 ± 8 2− 5.1 ± 0.3 p, α, γ 9, 10, 11

13.730 ± 8 4.8 ± 1 p, α 10, 11

13.757 ± 10 0+ ≈ 170 p, α 11

13.761 ± 8 1+ 8.2 ± 0.5 p, α, γ 9, 10, 11

13.80 p, γ 9

13.899 ± 10 1− ≈ 200 p, α 11

13.909 ± 8 0.7 ± 0.3 p, α, γ 9, 10, 11

13.932 ± 10 2+ 45 p, α 11

13.956 ± 8 3 p, α 10, 11

13.975 ± 10 0+ ≈ 70 p, α 11

14.003 ± 8 100 ± 20 p, α 11

14.046 ± 10 1− ≈ 60 p, α 11

14.061 ± 10 2+ ≈ 100 p, α 10, 11

14.092 ± 8 (3+) 17.5 ± 1 p, α, γ 9, 10, 11

14.13 3.8 p, γ 9

14.154 ± 8 2− 5.2 ± 0.5 p, α, γ 9, 10, 11

14.167 ± 10 2+ 40 p, α 11

14.179 ± 8 2− 10.5 ± 1 p, α, γ 9, 10, 11

14.224 ± 10 1+ 14 ± 1 p, γ 9, 10
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Table 20.6: Energy levels of20Ne (continued)

Ex Jπ; T τm or Γ Decay Reactions

(MeV ± keV) (keV)

14.380 ± 8 5.7 ± 1 p, α 10, 11

14.436 ± 60 55 p, α 10, 11

14.482 ± 8 33 ± 3 p, α 10, 11

14.497 ± 10 0+ 130 ± 5 p, α 11

14.633 ± 10 1− 125 ± 5 p, α 11

14.725 ± 8 0+, 1+ 38 ± 10 p, α 10, 11

14.802 ± 8 110 ± 20 p, α 11

14.91 (4+) 70 ± 25 p, α 11

15.07 (2+) 75 ± 25 p, α 11

15.08 80 p, α 11

15.26 27 p, α 11

15.34 (0+) 285 ± 25 p, α 11

15.37 85 p, α 11

15.42 75 p, α 11

15.53 55 p, α 11

15.55 120 p, α 11

15.67 p, α 11

15.74 28 p, α 11

15.84 150 p, α 11

15.90 78 p, α 11

16.05 100 p, α 11

16.19 38 p, α 11

(16.20) (75) p, α 11

(16.28) (110) p, α 11

16.37 (100) p, α 11

16.54 p, α 11

16.60 28 p, α 11

16.61 190 p, α 11

16.65 130 p, α 11

16.67 105 p, α 11
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Table 20.6: Energy levels of20Ne (continued)

Ex Jπ; T τm or Γ Decay Reactions

(MeV ± keV) (keV)

16.80 95 p, α 11

16.95 45 p, α, n 11, 12

17.02 95 p, α 11

17.11 85 p, α, n 11, 12

17.14 25 p, α, n 11, 12

17.22 25 p, α, n 11, 12

17.26 57 p, n 12

17.33 60 p, α 11

17.35 25 p, α, n 11, 12

17.41 35 p, α, n 11, 12

17.53 85 p, α 11

17.61 35 p, α 11

17.61 19 p, α, n 11, 12

17.69 30 p, α, n 11, 12

17.79 210 p, α 11

17.81 67 p, α 11

17.86 67 p, n 11, 12

18.01 p, n 12

18.34 p, n 12

18.66 p, n 12

19.02 p, n 12

7. 17O(α, n)20Ne Qm = 0.608

Not observed.

8. 18O(3He, n)20Ne Qm = 13.117

Not observed.
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Table 20.7: Resonances in16O(α, α)16O

Eα Γc.m. θ2 Jπ 20Ne* Reference

(MeV) (keV) (%) (MeV)

2.490 19 22 0+ 6.745 (1953CA44)

3.045 8 36 3− 7.189 (1953CA44)

3.090 4 1.1 0+ 7.225 (1953CA44)

3.380 8 4.7 2+ 7.457 (1953CA44)

3.885 2 0.6 2+ 7.861 (1953CA44)

≈ 4.8 ≈ 1300 ≈ 70 0+ ≈ 8.6 (1958MC61) a

5.01 4 0.23 1− 8.76 (1958MC61) a

≈ 5.1 ≈ 1200 ≈ 95 2+ ≈ 8.8 (1958MC61) a

5.11 ≤ 4 (5−) 8.84 (1958MC61) a

5.19 20 1.0 1− 8.91 (1958MC61) a

5.44 8 3.9 4+ 9.11 (1958MC61) a

5.6 (1−) 9.2 (1940FE01)

6.7 (1−) 10.1 (1940FE01)

a Preliminary results.

9. 19F(p,γ)20Ne Qm = 12.873

Resonances for capture radiation are listed in Table20.8 (1954SI07, 1955FA1A). The level
formed atEp = 0.67 MeV decays predominantly to the 1.63 MeV state:Γγ = 2.2 eV (1951CA1A,
1952JO1D, 1955CL1B). The angular distribution of the hard radiation is isotropic within two per
cent (1955FA1A). Theγ-γ angular correlation shows that the transition to the 1.63 MeV state is
predominantly M1. The direct ground state transition is< 0.02 eV which implies different nucleon
configurations for the ground and first excited states of20Ne (1955CL1B). At Ep = 0.67 and 1.09
MeV, cascades through the 4.97 MeV state have been observed.The 4.97 MeV level decays with
> 95% probability through the 1.63 MeV state. Tripleγ-correlations (C→ 4.97 → 1.63 → 0)
showJ 6= 0 for the 4.97 MeV state. Since a cascade takes place to it from theJ = 1+ state at the
0.67 MeV resonances,J ≤ 3 (1958GO03). See also (1953WI1F, 1957WA1B, 1958BR1D).

10. (a)19F(p, p)19F Eb = 12.873

(b) 19F(p, p′)19F*
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Table 20.8: Resonances in19F(p,γ)20Ne

Ep Γ Yield a 20Ne*

(keV) (keV) (%) (MeV)

669b, c 7.5 1.80 ± 0.36 13.511f

874c 0.03 ± 0.01 e 13.703f

935c 0.03 ± 0.01 13.761f

980c 0.22 ± 0.04 d 13.80

1091b, c < 1.2 0.34 ± 0.07 13.909f

1280c 0.06 ± 0.01 14.092f

1320b, c 4.0 0.90 ± 0.18 d 14.13

1350c 0.12 ± 0.02 14.154f

1370c 0.08 ± 0.02 14.179f

1420b, c 15.7 0.35 ± 0.07 d 14.224g

a Relative to19F(p,αγ)16O.
b (1954SI07: resonances forEγ = 12 MeV).
c (1955FA1A: resonances forEγ > 8 MeV).
d Resonance not observed for19F(p,αγ)16O.
e Eγ < 2 eV (1953WI1F).
f Excitation energies from19F(p,αγ): see Table20.13.
g Excitation energy from19F(p, p′): see Table20.10.

The elastic scattering has been studied in the rangeEp = 500 to 2000 keV by (1954DE1A,
1954PE1A, 1955BA1C, 1955WE44, 1956DE33). Parameters for the observed resonances are
exhibited in Table20.9, taken mainly from (1955BA1C); values given by (1956DE33) are in good
agreement with these. Orbital angular momentum assignments derive from angular distributions;
Jπ from the anomaly shape, andΓp/Γ from σ(p, p), σ(p, p′) and σ(p, α) cross sections. At
Ep = 340 keV, 480 keV (1955WE44), and 598 keV (1956DE33), the elastic scattering anomaly is
too small to be detected: it is concluded thatΓp/Γ is small for these resonances. Some unresolved
structure is observed atEp = 900, 1092, and 1137 keV, in addition to a broad structure near
Ep = 1700 keV (1955WE44). It is of interest to note that two of the resonances, atEp = 669 and
843 keV have comparatively large proton reduced widths (1955BA1C). For high-energy scattering,
see19F.

Resonances for inelastic scattering involving the 110 keV,J = 1
2

−
and 197 keV,J = 5

2

+
,

states of19F are listed in Table20.10(1955BA94). Resonance structure in the yield of 109, 197,
1240, and 1360 keVγ-radiation is reported by (1958RA15) up toEp = 4.5 MeV. In general, the
resonances observed are identical with those reported fromother19F + p reactions, although the
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Table 20.9: Levels of20Ne from19F(p, p)19F (1955BA1C)

Ep Γlab l Jπ Γp/Γ θ2
p

20Ne*

(keV) (keV) (%) (MeV)

340 2.9 0 1+ b 0.016 3.8 13.196

598 37 1 2− b 0.0012 0.38 13.441

669 7.5 0 1+ 0.98 9.6 13.509

843 23 0 0+ 0.996 10.8 13.674

873 5.2 1 2− a 0.21 1.5 13.702

935 8.0 0 1+ 0.17 0.44 13.761

1346 4.5 1 2− a 0.067 0.07 14.152

1372 15 1 2− a 0.17 0.52 14.176

1422 14.6 0 1+ 0.85 0.92 14.224

1694c 14.482

1940c (0) (0+, 1+) 14.716

2030c 14.802

a 1− not excluded by elastic scattering alone.
b not determined by (p, p): see19F(p,α)16O.
c (1956DE33).

relative intensities differ greatly. The nonresonant yield of the 197 keV radiation appears to be
mainly due to Coulomb excitation, while that of the 110 keV radiation suggests contributions from
broad, unresolved s-wave resonances (1954PE1A, 1955BA94). See also (1954PE1C) and19F.

11. 19F(p,α)16O Qm = 8.119 Eb = 12.873

For Ep ≈ 1 to 3 MeV, fiveα-particle groups are reported. All show resonance effects with
relative intensities varying greatly with bombarding energy. The long-range group (α0) leaves
16O in the ground state (J = 0+); the next longest (απ) results in the formation of theJ = 0+

nuclear pair-emitting state at 6.06 MeV, while the three remaining groups (α1, α2, α3) lead toγ-
ray emitting states at 6.14 (J = 3−), 6.91 (J = 2+), and 7.12 MeV (J = 1−). At Ep > 3 MeV,
excitation of higher16O levels occurs: see16O. Resonances forα0 andαπ (Tables20.11and20.12)
are generally identical and different from those forα1, α2, α3 (Table20.13). The resonances for
α0 andαπ are required to have evenJ , evenπ or oddJ , oddπ, while theα1, α2, α3 resonances,
insofar as their assignments are known, are all odd-even or even-odd.
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Table 20.10: Resonances in19F(p, p′)19F* (1955BA94)

Ep Jπ Γlab Γp1
Γp2

θ2
p1

a θ2
p2

a Ex in 20Ne

(keV) (keV) (eV) (eV) (%) (%) (MeV)

340 1+ 2.9 < 0.5 < 0.1 < 15 13.196

483 2.2 < 1.5 < 1.5 13.332

598 2− 37 < 500 < 500 < 28 < 145 13.441

669 1+ 7.5 46 < 0.5 0.6 < 0.4 13.509

720 ≈ 30 < 10000 < 10000 13.557

780b ≈ 10 < 400 ≈ 9000 13.614

831 8.3 < 6 ≈ 2300 13.662

845 0+ 23 ≈ 50 < 10 ≈ 0.14 < 0.92 13.676

873 2− 5.2 < 2 570 < 0.07 2.7 13.702

900 4.8 < 30 ≈ 2200 13.728

935 1+ 8.0 3000 < 20 5.0 < 0.8 13.761

1092 < 1.2 13.910

1137c 3.7 < 40 ≈ 2100 13.953

≈ 1250 ≈ 80 ≈ 70000 < 4000 14.061

1290 19 < 600 ≈ 900 14.099

1346 2− 4.5 300 600 0.92 0.24 14.152

1372 2− 15 700 1400 1.93 0.56 14.176

1422 1+ 14.6 ± 1 2200 ≤ 35 0.56 ≤ 0.11 14.224

1610 ≈ 5 14.403

1660 14.450

1700 14.488

a (1955BA1C).
b (1955HU1A) find Ep = 780.3 ± 0.8 keV, Γ = 7.6 ± 1.0 keV but assignment to this reaction is

uncertain.
c (1955HU1A) find 1123± 2.0 keV, Γ = 22 ± 5 keV, but assignment is uncertain.
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Table 20.11: Resonances for ground stateα-particles (α0) in 19F(p,α0)16O

Ep (keV) Γlab (keV) σ (mb) t f θ2
α

a (%) Jπ 20Ne* (MeV)

400g 100 0.04 0 1− 13.253

400 100 0.005 0 0+ 13.253

650 200 0.2 ∞ 1− 13.491

710a, g 35 < 0.5 0.6 (1−) 13.548

733 66 1.4 0.2 1.0 2+ 13.569

778 ≈ 10 > 0.5 1.6 0.02 2+ 13.612

843 23 3.7 1.38 0.16 2+ e 13.674

≈ 860 120 1.0 10.6 2.1 1− 13.690

≈ 930 ≈ 180 0.5 2.9 0+ 13.757

≈ 1080 ≈ 200 3.4 5.1 3.4 1− 13.899

1115 50 2.4 2.2 0.55 2+ 13.932

1160 ≈ 70 5.1 1.1 0+ 13.975

1235a, b ≈ 70 5.2 0.11 1.2 1− 14.046

≈ 1250 a ≈ 150 0.26 0.6 2.7 2+ 14.061

1358a, b, c 54 43 d 2.6 0.49 2+ 14.163

1640b < 115 14.431

1709b, c 140 53 0 0+ 14.497

1853b, c 132 76 0.4 1− 14.633

2110b, c 75 9 (4+) 14.878

2310b, c 80 29 (2+) 15.067

(2530)b (15.28)

2590b, c 300 51 ± 10 (0+) 15.33

2680b 80 15.42

(2820) (15.55)

2940 15.67

3120 170 15.84

3340 105 16.05

3680 (100) 16.37

3860 16.54

3980 135 16.65

4130 100 16.80
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Table 20.11: Resonances for ground stateα-particles (α0) in 19F(p,α0)16O
(continued)

Ep (keV) Γlab (keV) σ (mb) t f θ2
α

a (%) Jπ 20Ne* (MeV)

4360 100 17.02

4460 95 17.11

4690 65 17.33

4900 90 17.53

4990 40 17.62

a (1958IS10, 1958IS11): quoted cross sections in these references are resonant cross sections, derived from

analysis of angular distributions.
b (1958RA15).
c (1957CL42).
d See also (1958FR03).
e J = 0+ from 19F(p, p)19F; possiblyT = 1 (1955BA94, 1955BA1C).
f t = Γ(Jc = 1)/Γ(Jc = 0).
g (1958BR1K).

Studies of theα0 yield and of angular distributions have been made by (1957CL42, 1957TA1D,
1958BR1K, 1958FR03, 1958IS10, 1958IS11, 1958RA15): see Table20.11. Assignments of
(1958IS11) and (1957CL42) are based on detailed analysis of angular distributions. It is of in-
terest that the reduced widths of these levels, where known,are generally less than a few per
cent of the single-particle limit. There is some disagreement on the assignment of the prominent
Ep = 843 keV resonance (compare19F(p, p)19F). The 1358 keV resonance reported here appears
to be distinct from theEp = 1372 keV (J = 2−) resonance seen in19F(p, p)19F and19F(p,αγ)16O.
(1958BR1K) find from angular distribution studies that the 720 keV resonance hasJ = 2+, and is
formed in channel spin 0. NearEp = 400 keV, two resonances are required, withJπ = 1− and0+,
both withΓ ≈ 100 keV,Jc = 0. A third resonance occurs atEp = 650 keV, withJ = 1−, Γ = 200
keV (1958BR1K).

A special study has been made to detect a possible resonance for 19F(p,α0)16O at theEp = 340
keV, J = 1+, resonance. An upper limit of 2% resonant/nonresonant yield is found, indicat-
ing a maximum admixture of2 × 10−4 of odd-parity component in the wave functions involved
(1957TA1D: see also (1958WI41)).

Resonances in the19F(p, απ)16O yield have been investigated by (1950CH53, 1951PH1A,
1954DE36, 1955IS1A, 1956IS1A, 1958IS11, 1958RA15): see Table20.12. Resonance locations
and absolute reduced widths appear to correspond closely tothose for (p,α0), although some
exceptions occur. In the work of (1958RA15) only 6 of 23 (p,α0) resonances have no clear
counterpart inσ(p, απ). For resonances atEp = 1.35, 1.72, 1.88, and 2.33 MeV,θ2

α0
= θ2

απ

within
about 10%; atEp = 2.17 MeV, a large difference occurs, possibly to be ascribed to superposition
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Table 20.12: Nuclear pair resonances (απ) in 19F(p,απ)16O

Ep (keV) Γ (keV) σ c (mb) θ2
α

c (%) Jπ 20Ne* (MeV)

710a 35 ≈ 0.2 2 1− 13.548

780 ≈ 10 ≈ 0.2 0.15 2+ 13.614

842 23 3.4 0.27 2+ 13.673

1115 50 1.5 3.6 2+ 13.932

1236a,b ≈ 70 3 1.0 1− 14.047

1367a,b 30 6.0 0.29 2+ 14.172

1630b 60 14.42

1720 95 ≈ 18 14.51

1880 170 14.66

2170 95 14.94

2330 ≈ 100 15.09

2600 100 15.34

2680 100 15.42

2820 125 15.55

3120 145 15.84

3340 100 16.05

(3500) (80) (16.20)

(3590) (115) (16.28)

3960 200 16.64

4360 95 17.02

4690 < 150 17.33

4900 115 17.53

4990 40 17.61

5170 220 17.79

a (1950CH53, 1951PH1A, 1954DE36, 1958IS11).
b (1958RA15).
c (1958IS11): resonant cross sections derived from analysis; see also (1950CH53).
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of several resonances (1958RA15). Below Ep = 1.3 MeV, several fairly large differences occur
(1958IS11).

Resonances in the yield of6 − 7 MeV γ-rays have been studied by (1948BO21, 1949HE1A,
1950AR1A, 1950BA1A, 1950CH1A, 1950CH53, 1952HU1C, 1952WI27, 1953FA18, 1953HU18,
1953WI1F, 1955BU1A, 1955HU1A, 1955KI28, 1956BU27): see Table20.13.

Table 20.13: Resonances for6− 7 MeV γ-rays (α1, α2, α3) in 19F(p,α)16O

Ep Γ σ g Γα1

j Γα2

j Γα3

j Jπ 20Ne*

(keV) (keV) (mb) (eV) (eV) (eV) (MeV)

224.4d 1.0 > 0.2 13.086

340.5 ± 0.3 a 3.3 ± 0.2 160 2800 16 75 1+ h 13.196

483.6d 0.9 ± 0.1 > 32 ≈ 1700 ≈ 30 ≈ 450 13.332

596.8 ± 1.0 b 30.0 ± 3 7.1 37000 < 100 < 100 (2−) i 13.440

671.6 ± 0.7 b 6.0 ± 0.7 57 110 0.4 25 1+ 13.511

834.8 ± 0.9 b 6.5 ± 1.0 19 total≈ 5400 13.667

874.0 ± 1.0 c 5.0 ± 0.3 540 2400 850 300 2− 13.703

902.3 ± 0.9 b 5.1 ± 1.0 23 ≈ 2500 < 130 13.730

935.1 ± 0.9 b 8.6 ± 0.5 180 2800 110 780 1+ 13.761

1090 ± 1.0 b 0.7 ± 0.3 > 13 13.909

(1123 ± 2.0) b 22 ± 5 (13.94)

1140 ± 1.0 b 2.5 ± 5 15 total≈ 1600 13.956

1189 ± 7.0 b 110 ± 20 19 14.003

1283 ± 1.4 b 18.6 ± 1.0 29 ≈ 13000 ≈ 1300 ≈ 3200 (3+) 14.092

1348 ± 1.3 b,e 5.6 ± 0.5 89 1800 450 1050 2− 14.154

1375 ± 1.4 b,e 11.0 ± 1.0 300 9100 840 520 2− 14.179

(1607 ± 1.6) b 6.0 ± 1.0 14.380

1694 ± 1.7 b,f 35.0 ± 3.0 14.482

1949 ± 2.5 b,f 40 ± 10 14.725

2030 ± 3.0 b,f 120 ± 20 14.802

2320f 85 15.08

2510 30 15.26

2630 90 15.37

2800 60 15.53

3020 30 15.74

3190 80 15.90
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Table 20.13: Resonances for6− 7 MeV γ-rays (α1, α2, α3) in 19F(p,α)16O
(continued)

Ep Γ σ g Γα1

j Γα2

j Γα3

j Jπ 20Ne*

(keV) (keV) (mb) (eV) (eV) (eV) (MeV)

3490 40 16.19

3920 30 16.60

4000 110 16.67

4290 50 16.95

4490 30 17.14

4570 30 17.22

4710 30 17.35

4780 35 17.41

4990 20 17.61

5070 35 17.69

5200 70 17.81

a (1955BU1A, 1956BU27): see also (1949MO1A, 1952HU1C). (1958BO76find Γ = 2.4 ± 0.3 keV).
b (1955HU1A; assignment to this reaction probable but not certain).
c Observed values are872.5 ± 1.8 (1953FA18), 871.3 ± 0.4 (1955BU1A, 1956BU22), 873.5 ± 0.8 (1949HE1A),

872.4 ± 0.4 keV (1958BO76), 874.5± 0.9 keV (1955HU1A).
d (1952HU1C, 1953HU18, 1958BO76).
e (1955KI28).
f (1952WI27); these values should be reduced by about 0.2%: see (1955KI28).
g (1950CH53): see also (1948BO21).
h (1950AR1A, 1950BA1A, 1950CH1A).
i (1950CH1A, 1953WI1F).
j (1955BA94).

At Ep = 224 keV, the angular distribution of 6 MeV radiation is anisotropic (1954NE1C).
The 6 − 7 MeV radiation produced at theEp = 340, 483, 669, and 935 keV resonances is
isotropic or nearly so (1949DE1A, 1951DA1B, 1952SA1A, 1953SA1B, 1957GA1B, 1957GO1E).
(1958RE24) finds a 3.5% anisotropy atEp = 340 keV, indicating a 1% admixture of d-waves:
θ2
d ≈ θ2

s . At Ep = 340, 669, and 935 keV, theα1-γ correlations establish thatJ = 1+ for the
corresponding20Ne levels (1950AR1A, 1950BA1A, 1952SE1C, 1957MA1A): this assignment
is confirmed for the 935 keV resonance by theα1 angular distribution (1954PE1C). Correla-
tions and angular distributions at theEp = 874 keV resonance establishJ = 2− for this level
(1952SE1C, 1954PE1C, 1957MA1A), and the observed polarization of theγ rays is consistent
with this assignment (1953FA1B). The level corresponding toEp = 598 keV is assignedJ = 2−
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Table 20.14: Resonance parameters in19F + p c (1955BA1C)

Ep Jπ θ2 a (%)

(keV) p0 p1 p2 α1 α2 α3

340 1+ 3.8 < 15 18.8 1.0 7.2

598 2− 0.38 < 28 < 145 31 < 0.5 < 5.1

669 1+ 9.6 0.6 < 0.4 0.26 0.005 0.27

843 0+ 10.8 ≈ 0.14 < 0.92

873 2− 1.5 < 0.07 2.7 1.05b 1.45b 3.4

935 1+ 0.44 5.0 < 0.8 3.3 0.34 2.3

1260 3+

1346 2− 0.07b 0.92 0.24 0.36 0.21b 2.1

1372 2− 0.52b 1.93 0.56 1.7b 0.34b 0.86

1422 1+ 0.92 0.56 < 0.11 total< 0.034

a p0, p1, p2 represent transitions to19F(0), (0.1), (0.2).α1, α2, α3 represent transitions to16O(6.1),

(6.9), (7.1).
b Assuming lowest possible values ofl; see (1957MA1A).
c See also (1958IS11).

by (1950CH1A) on the basis ofγ-ray angular distributions:W (θ) = 1 + 0.17 cos2 θ (1958RE24):
see also (1953WI1F). Levels corresponding to resonances atEp = 1283 and 1348 keV are as-
signedJ = 3+ by (1950CH1A). Angular distributions of theα groups atEp = 1283 keV are not
inconsistent withJ = 3+, but lead toJ = 2− for the 1348 keV resonance (1954PE1C). Gamma-
ray angular distributions atEp = 1375 keV indicate a pronounced anisotropy and are consistent
with J = 2− (1953SA1B: see also19F(p, p)19F). This is evidently not the same as the 1.36 MeV
α0 resonance.(α1-γ1) angular correlations have been studied by (1957MA1A) at Ep = 873, 935,
1250, 1280, 1346, and 1372 keV. For theJ = 2− resonances atEp = 873, 1346, and 1372 keV,
the p-wave and f-wave proton reduced widths are comparable in magnitude: for the first and last,
g-waveα1-emission has a surprisingly large probability.

An analysis of certain20Ne levels into partial widths, based on information from19F(p, p), (p,
p′), (p, γ) and (p,α) is given by (1955BA1C, 1955BA94, 1958IS11): see Table20.14. It is noted
that a number ofT = 1 levels may be expected in this region (compare20F).

12. 19F(p, n)19Ne Qm = −4.039 Eb = 12.873

Observed resonances are listed in Table20.15(1951BL1A, 1952WI27, 1955MA84). See also
(1958TA03, 1959GI47).
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Table 20.15: Resonances in19F(p, n)19Ne

Ep (MeV) Γ (keV) 20Ne* (MeV)

4.29a 45 16.95

4.46a 80 17.11

4.49a 20 17.14

4.57a 20 17.21

4.62a 60 17.26

4.71a 25 17.35

4.78a 45 17.41

4.99a 20 17.61

5.07a 30 17.69

5.25a, b 70 17.86

5.41b, c 18.01

5.75b, c 18.34

6.09c 18.66

6.47c 19.02

a (1952WI27): these values should be decreased by

about 0.2%: see (1955KI28).
b (1955MA84).
c (1951BL1A): broad resonances, stacked-foil

method.

13. 19F(d, n)20Ne Qm = 10.646

Levels of20Ne derived from reported neutron groups are listed in Table20.16: see also (1956BA1F,
1956TO1C). The earlier reported 2.2 MeV state appears to be spurious.The g.s. and 1.6 MeV
groups show a clear stripping pattern, withlp = 0 and 2, respectively. No clear evidence is found
for the 4.2 and 5.4 MeV levels atEd = 9 MeV (1955CA1F). Levels atEx = 9.7 MeV (1950FR1C)
(9.97 ?), andEx = 11.85 MeV (1952WA1A) decay byα-particle emission.

Thresholds for production ofγ radiation withEγ ≈ 10 − 12 MeV, are listed in Table20.17
(1955BU1E, 1958BU12). Observedγ-ray energies are exhibited in Table20.18 (1951TE1B,
1955BE81, 1957KR1B)† . It is noted that levels yielding appreciableγ-radiation must be pre-
sumed not to decay byα-emission. The 9.97 and 10.61 MeV levels may be theT = 1 levels

† Note added in proof: Recent studies of theγ-spectra atEd = 3.6 MeV confirm the work of (1955BE81) and are
not consistent with the fine structure reported in Table20.17(T.W. Bonner, private communication).
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Table 20.16: Neutron groups from19F(d, n)20Ne

Ex
a (MeV) Ex

b (MeV) lp Jπ Λ d

2J+1

0 0 0 0+, 1+ 0.07

1.5 1.6 2 1+, 2+, 3+ 0.44

4.2

5.4

7.3 7.3 c

{

(0)

(2)

(0+, 1+)

(1+, 2+, 3+)

0.039

1.0

9.0 9.2 1 0−, 1−, 2− 0.054

10.1

a (1940BO1A).
b (1955CA1F; Ed = 9 MeV).
c Unresolved levels; the angular distribution shows a composite of lp = 0 and 2.
d Proton capture probability, in c.g.s. units,×1048.

corresponding to20F(0) and *(0.65). The 10.6 MeV level has not been reported in any other reac-
tion.

14. 19F(3He, d)20Ne Qm = 7.379

Not reported.

15. 19F(α, t)20Ne Qm = −6.940

Not reported.

16. 20F(β−)20Ne Qm = 7.050

The decay is to the 1.6 MeV state of20Ne: Eβ(max) = 5.413 ± 0.013 MeV. The energy of
the subsequentγ-ray is 1.629 ± 0.005 MeV (1952AL26, 1952AL30, 1954WO23). The relative
intensity of the ground-state transition is< 3.2 × 10−4 (1954WO23). The Fermi plot is straight
from the end point toEβ = 1 MeV. With a half-life of 11.4 sec,log ft (1.63 MeV state)= 4.99,
log ft (ground state)>∼ 9 (1954WO23). A search forγ-γ coincidences from the cascade decay of
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Table 20.17: Levels of20Ne from 19F(d, n)20Ne
thresholds (1955BU1E, 1958BU12)

Ethresh. (keV) 20Ne* (MeV)

510 11.11

600 11.19

760 11.33

850 11.42

1150 11.69

1350 11.87

1790 12.27

2060 12.51

Table 20.18: Gamma radiation from19F(d, n)20Ne

Eγ (MeV) Assignment

A B C C

6.7 ± 0.3

7.2

8.1 ± 0.4 8.4 9.97 → 1.6

9.3 ± 0.3 9.4 9.34 ± 0.1 9.34 → g.s.

10.1 9.97 ± 0.1 9.97 → g.s.

10.6 10.61 ± 0.1 or
10.61 → g.s.

12.2 → 1.6

11.5 ± 0.4 11.51 ± 0.2 or
11.4 → g.s.

11.7 → g.s.

A: (1951TE1B): Ed = 1.56 MeV.

B: (1957KR1B).

C: (1955BE81): Ed = 3.6 MeV. Corrected for Doppler shift.
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the 4.97 MeV state was unsuccessful:log ft > 6.5 (1958KA14). The (β-γ) angular correlation
has the formW (θ) = 1 + a cos2 θ, wherea = (0.94 ± 0.28) × 10−2. The anisotropy is attributed
to a “weak magnetic” interaction associated with the anomalous nucleon moments. The sign ofa
indicatesJ = 2+ for 20F (1958BO65, 1958GE1C).

17. 20Ne(γ, n)19Ne Qm = −16.912

A giant resonance is observed atEγ = 21.5 MeV with Γ = 6.6 MeV andσ(max) = 7.3 mb
(1954FE16). See also (1957BA1H; theor.).

18. 20Ne(γ, p)19F Qm = −12.873

See (1956AT1A, 1957KO1C, 1957WA1G).

19. 20Ne(γ, α)16O Qm = −4.753

See (1953ER1B, 1956AT1A, 1957KO1C, 1957WA1G).

20. 20Ne(p, p′)20Ne*

20Ne levels derived from observations of proton groups are listed in Table20.19(1954FR43,
1956SC1F). A 2.6 MeVγ-ray has been observed in coincidence with the p2 group (4.2 MeV state)
at Ep = 5.85 MeV (1957KR1B). At Ep = 185 MeV, inelastic peaks corresponding to levels near
5 and 20 MeV are observed (1958TY1D).

Elastic scattering angular distributions have been studied in the rangeEp = 1.8 to 4.3 MeV by
(1955HA1F), for Ep = 4.7 to 5.5 MeV by (1958KO58), at 9.5 MeV by (1954FR43, 1956BU95,
1957GI14). Angular distributions of inelastic groups are reported by (1954FR43, 1956SC1F,
1957GI14, 1958KO58). See also (1957BU52; theor.).

21. 20Ne(d, d′)20Ne*

At Ed = 7.8 MeV, an inelastic deuteron group is observed correspondingto a state at1.66 ±

0.02 MeV (1951MI1A). The angular distribution, analyzed by the direct interaction theory (of
(1952HU1B)), indicatesl = 2, J = 1, 2,3+; the observed distributions can also be ascribed to elec-
tric excitation, but the required moments are about two orders of magnitude too large (1958VA06).
See also (1952MI1B).
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Table 20.19: Levels of20Ne from 20Ne(p, p′)20Ne*, 20Ne(α, α′)20Ne*
and23Na(p,α)20Ne

Ex
a Ex

b Ex
c Ex

d

(MeV ± keV) (MeV) (MeV) (MeV ± keV)

0 0 0 0

1.58 ± 10 1.63 1.63 1.635 ± 6 e

4.20 ± 10 4.26 4.25 4.248 ± 6

4.95 ± 20 4.97 4.97 4.969 ± 6

5.62 ± 20 5.81 5.81 5.631 ± 6

7.2

7.45

7.85

9.2

10.0

a 20Ne(p, p′): (1954FR43), Ep = 9.5 MeV.
b 20Ne(p, p′): (1956SC1F), Ep = 18 MeV; energies for identification only.
c 20Ne(α, α′): (1958SE51), Eα = 18 MeV; energies for identification only.
d 23Na(p,α): (1957BU36), Ep = 7.0 to 7.5 MeV.
e 1.634 ± 4 (1953DO04).

22. 20Ne(α, α′)20Ne*

At Eα = 18.0 MeV, inelastic groups are observed to20Ne states at 1.63, 4.25, 4.97, 5.81,
and 7.2 MeV: see Table20.19. Angular distributions forα0(g.s.) andα1 show sharp diffrac-
tions maxima characteristic of direct interaction (1958SE51). See also (1957MO1C; theor.) and
(1957EN01).

23. 22Ne(p, t)20Ne Qm = −8.638

Not reported.

24. 20Na(β+)20Ne Qm = 15.333

32



The decay proceeds to excited states of20Ne between 6.8 and 10.8 MeV which decay byα-
particle emission (1950AL57). The half-life is0.23 ± 0.08 sec (1951SH38), 0.385 ± 0.01 sec
(1953HO01). See also (1957EN01).

25. 23Na(p,α)20Ne Qm = 2.379

Q0 = 2.370 ± 0.008 (1957BU36);

Q0 = 2.379 ± 0.003 (1953DO04);

Q0 = 2.372 ± 0.008 (1952VA1A).

At Ep = 7.04 to 7.45 MeV, fiveα-groups are observed, corresponding to the ground state and
to levels at 1.635, 4.248, 4.969, and 5.631 MeV (1953DO04, 1957BU36): see Table20.19. The
first excited state decays with a mean life of(7.6± 3.3)× 10−13 sec (1956DE22), emitting aγ-ray
with Eγ = 1.63±0.02 (1954ST91), 1.629±0.008 MeV (1954NE1D, 1955NE1B). Over 90% of the
decays of the 4.25 and 4.97 MeV states are by cascades throughthe 1.63 MeV state (1957KR1B:
see also (1958KR67)). At a resonance located atEp = 1.255 MeV, theα-γ correlation permits
the unique assignment ofJ = 1+ to the24Mg state andJ = 2+ to the 1.63 MeV state of20Ne
(1953SE1C). See also (1954ST92, 1955RU1B, 1956SQ1A, 1957EN01).
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