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5H
(Not illustrated)

The possible existence of a particle-stable5H is discussed by (1957BL1A, 1960GO36, 1960ZE03,
1961BA1C, 1961YA04, 1963AR06, 1964AN06, 1964GO1B, 1964GO25, 1964VL1A, 1965BA1A).
According to (1957BL1A), aT = 3

2
level of5He-5Li might be formed by3H or 3He and a deuteron

in the singlet state, at an energy≈ 2.3 MeV above the 16.7 MeV level. If this is the case, a mass
excess,M − A = 30.5 MeV † is indicated, and5H is 0.6 MeV stable against3H + 2n. Con-
sideration of empirical pairing energies indicate that5H is particle-stable only if the firstT = 1
state of4He is atEx < 22 MeV (1960GO36) (4H unstable by< 1.4 MeV). On the other hand, if
8He is particle-stable, it is unlikely that the tetraneutronis bound by as much as 1 MeV and hence
unlikely that 5H is stable (1964GO1B, 1964GO25). In theQm below, the mass excess of5H is
taken to be 31.1 MeV, i.e.,5H is assumed to be just unbound.

1. 3H(t, p)5H Qm ≈ −8.5

A search for delayed neutrons withEt = 15.6 MeV yielded negative results:σ ≤ 1 mb
(1963EC1A).

2. (a)7Li(γ, 2p)5H Qm ≈ −30.8

(b) 7Li(p, 3p)5H

With bremsstrahlungEmax = 320 MeV, aβ-emitter is reported withτ1/2 = 110 msec,Eβ > 15
MeV, ascribed to reaction (a): the activation cross sectionis 1.8 ± 0.6 µb (1963NE02). How-
ever, other investigations with the same reaction led to a negative result (1958TA03, 1962CE03,
1964SH18): the activation cross section is< 0.03 µb if τ1/2 = 10 msec,< 0.09 µb if τ1/2 = 110
msec ((1962CE03), and C.N. Waddell, private communication).

7Li has been bombarded with 2 GeV protons in an attempt to produce reaction (b). No evidence
is found for the 110 msec activity: the activation cross section is ≤ 1 µb. The ratio of reaction
(b) to the11B(p, 3p)9Li reaction is at least 100 times less than that found by (1963NE02) for the
corresponding photon induced reactions (1964SC02). At Ep = 160 MeV, the upper limit to the
cross section is≈ 0.2 µb, assumingτ1/2 is in the range 0.1 to 100 sec (1965BE1P).

See also (1964NE02, 1964VO1D) and (1964BO1N: 7Li(π−, pn)5H).

† All mass excesses are given in terms of the12C standard (M − A ≡ 0).
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5He
(Figs. 1 and 3)

GENERAL:

See (1959BA1D, 1959BR1E, 1959MI1C, 1959SA11, 1960PE14, 1960PH1A, 1961BA1E,
1961TA05, 1962DI1B, 1962IN02, 1962IN1A, 1963KU1B, 1964BA1Y, 1964BE1M, 1964GR1J,
1964SA1F, 1964ST1B, 1965BO1M).

1. 3H(d, γ)5He Qm = 16.632

The ratio of the yields of (16.7 MeV)γ-rays and neutrons is≈ 2×10−5 at0◦ and90◦, Ed = 0.47
MeV. The yield is of the same order of magnitude as that for themirror reaction3He(d, γ)5Li
(1959CO57). [This yield would appear to lead to a value ofΓγ considerably lower than theΓγ = 11
eV reported for the mirror reaction: see (1955SA52)].

2. (a)3H(d, n)4He Qm = 17.590 Eb = 16.632

(b) 3H(d, 2n)3He Qm = −2.988

(c) 3H(d, pn)3H Qm = −2.225

Excitation curves and angular distributions for reaction (a) fromEd = 8 keV to 19 MeV are
summarized by (1956FO1A, 1957JA37, 1960BR1E, 1960BR1F, 1960ST25, 1961GO02, 1964BR1P).
See also (1964PA24). Below Ed = 100 keV, the cross section follows the Gamow function,
σ = (A/E)exp(−44.40E−1/2) (1953JA1A, 1954AR02). A strong resonance,σ(peak) = 5.0 b,
appears atEd = 107 keV. There is some evidence of resonant behavior betweenEd = 3 and 9
MeV (1960ST25: see also (1956GA51, 1957BA21)).

In the regionEd = 10 to 500 keV, the cross section is closely fitted with the assumption of s-
wave formation of aJ = 3

2

+
state with the parameters given in Table5.3(1952AR30, 1952CO35,

1955KU03). Analysis in terms of complex eigenvalue theory is discussed by (1963MA1N, 1964JE1B).
The angular distribution of neutrons is isotropic at and below resonance, and shows increasing

forward peaking at higher energies (1957JA37). (1961GO02) report that the distributions in the
rangeEd = 6.2 to 11.4 MeV are all peaked forward with a second maximum at about 65◦ which
becomes more pronounced with increasing energy, and a rise at back angles. It does not appear
that plane wave stripping theory, including heavy-particle stripping can account for the observed
distributions (1961GO02: see also (1960ST25)). See also (1951BU1B).

A test of parity violation using polarized 150 keV deuteronsyields |Re F | < 4.5 × 10−3

(1964HE1G).
The polarization of neutrons has been studied atEd = 0.1 and 0.17 MeV by (1961RU1A,

1962SE09), at 0.6 and 1.2 MeV by (1965BO13), from 0.1 to 7.7 MeV by (1961PE13, 1964PE14),
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Table 5.1: Energy levels of5He

Ex Jπ Γ Decay Reactions

(MeV) (MeV)

g.s. 3
2

−
0.58 ± 0.02 n, α 5, 6, 7, 9, 11, 12, 13,

14, 15, 16, 18, 19

2.6 ± 0.4 1
2

−
4 ± 1 n, α 5, 6, 7, 16, 18

16.70 ± 0.020 3
2

+
0.081 γ, n, d, t,α 1, 2, 4, 7, 8

(≈ 20) 2

from 6 to 11 MeV by (1964WA22), from 8 to 20 MeV by (1964AL1E) and at 10 MeV by
(1961TR05). See also (1959GO1G, 1960WI1B, 1963HA1G).

For Ed > 3.7 MeV, deuteron breakup (reaction (c)) is possible, and aboveEd = 5.0 MeV
production of3He (reaction (b)) may occur. Time-of-flight neutron spectraobserved forEd = 5 to
12 MeV exhibit two maxima, the lower corresponding to the three-body distribution arising from
3H(d, 2n)3He and the upper to3H(d, n)4He* → p + 3H with formation of an excited state of4He
at 20.1 ± 0.06 MeV (1962LE12, 1962PO04, 1963PO02: see also (1959SM97)). Analysis of the
observed distributions by stripping theory including finalstate interaction in the (t+ p) channel
indicates a1S0 resonance atEc.m. = 0.4 MeV, γ2

p = 4.2 MeV, R = 3.0 fm. The assignmentT = 1
would imply a bound4H (1962WE1E, 1963WE10, 1964WE1B). The apparent non-existence of a
stable4H or of a corresponding4Li state argues forT = 0 (1963KA28, 1964NE02): see also3H(d,
p)4H.

See also (1960BR10, 1960JU04, 1961DI1B, 1963RU1A, 1964TR1C).

3. 3H(d, p)4H

If 4H is particle-stable, its mass excess lies in the range 23.0 to 18.5 MeV;Qm for this reac-
tion is −2.2 to +2.3 MeV. Over this range, the cross section for formation of4H is < 4 × 10−3

of the corresponding cross section in3H(d, n)4He*(20.1) (1951MC37, 1960ST25, 1964IM03,
1964RO08). There have also been attempts to observe4H in the bombardment of6Li by 160
MeV protons (1965BE1P), of Li by 250 MeV bremsstrahlung (1964NE02), of 7Li by 14 MeV
neutrons (1964PO03, 1964PO1B), of 12C by 300 MeV protons (1955RE44) and in the10B(7Li,
4H)13N reaction (1959NO40): all these attempts have given negative results. Some evidence is
reported by (1962AR05, 1963AR06) for the formation of4H in the 4He(γ, π+)4H with 1 GeV
bremmstrahlung: the atomic mass excess of 26.5 to 30 MeV would correspond toEx = 24.1 to
27.6 MeV in4He. See, however, (1963LO1C, 1964SM1B, 1964VO1D). Evidence for a bound4H
is reported inπ− + 6Li and 7Li by (1965CO1D). See also (1964CA05, 1964GO1B, 1964GO25,
1964WE1B, 1965AJ03).
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Table 5.2: Ground state of5He a

Q(4He+ n) (keV) Γc.m. (keV) Reaction Reference

900 ± 70 6 1953AL1A

950 ± 70 6 1953MO61

800 ± 100 6 1960YO06

790 ± 30 630 ± 36 6 1963SM03

920 ± 40 7 1964ST25

880 ± 50 9 1954FR22

550 ± 30 9 1957WA01

850 ± 50 570 ± 20 9 1964OH01

1090 ± 100 1100 12 1954FR03

890 ± 90 690 ± 200 14 1955LE24

970 ± 40 700 ± 200 15 1956CR47

900 ± 100 18 1951FR1A

900 ± 100 300 ± 100 18 1953CU20

1400 ± 20 18 1955KH31

860 ± 90 660 ± 200 18 1955LE24

1000 ± 50 18 1958WE27

891 ± 51 577 ± 15 mean

a See (1964OH01). Cited Q values represent peaks in particle spectra;

because of penetration factors, they require corrections if the energy corre-

sponding to90◦ n-α phase shift is desired. For reactions 7 and 9, (1964OH01)

give Q(90◦) = −900 ± 40 and−930 ± 70 keV respectively. In the present

article we have preferred to use the (1965MA54) value of−958± 19 keV.

4. 3H(d, d)3H Eb = 16.632

Differential cross sections are tabulated forEd = 0.96 to 3.2 MeV (1952ST69), Ed = 5.6, 5.9,
8.3, 12.3 and 14.4 MeV (1960BR10) andEd = 10 MeV (1952AL36). The angular distributions at
the higher energies are characterized by minima on either side ofθ = 90◦; the central maximum
moves towards higher angles as the energy is increased. Distributions are closely similar to3He(d,
d)3He (1960BR10).

6



Table 5.3: Resonance parameters for3H(d, n)4He and3He(d, p)4He d

Er Γlab ld Jπ ln,p R Eλ γ2
d γ2

n,p θ2
d

c θ2
n,p

c Ex

(keV) (keV) fm (keV) (keV) (keV) (MeV)

107a 135 0 3
2

+
2 5.0 −464 2000 56 1.0 0.018 16.70

7.0 −126 715 17 0.7 0.011

430b ≈ 450 0 3
2

+
2 5.0 −391 2930 42 1.4 0.013 16.65

7.0 129 780 12 0.7 0.008

a 3H(d, n)4He.
b 3He(d, p)4He.
c Units of3~

2/2MR2.
d See also (1960BA1M, 1964JE1B).

Elastic scattering atθ = 90◦, observed fromEc.m. = 100 to 260 keV can be closely fitted by
the one-level Breit-Wigner formula (1958BA82, 1960BA1M). See also (1960LA1B).

5. 3H(t, n)5He Qm = 10.374

This reaction has been studied forEt = 0.95 to 2.10 MeV (1958JA06: see also (1957BA10)).
In addition to the neutron group corresponding to5Heg.s., the spectrum contains an excess of
medium energy neutrons, attributed to direct three-body reaction or to a broad excited state of
5He. The alpha particles show a double peaking, reflecting theinfluence of the P3

2

ground state,
superimposed on a distribution arising from the P1

2

state and direct three-body decay (1958JA06).
See also6He.

6. 3He(t, p)5He Qm = 11.138

Proton and alpha-particle spectra have been studied atEt = 1.9 MeV by (1963SM03). The
protons exhibit a conspicuous peak at the high-energy end ofa continuous distribution: the peak
corresponds to the ground state of5He with a binding energy of−0.79±0.03 MeV and has a width
Γ(lab) = 525 ± 30 keV; see Table5.2. In theα-distribution a sharp peak is seen, corresponding
to 3He(t, d)4He, plus a broad distribution with considerable structure.A knee at the high-energy
limit is ascribed to3He(t,α)n+p with the neutron and proton interacting in the1S0 state; a binding
energy of−0.1±0.05 MeV is obtained, in good agreement with the value−0.074 deduced from n-p
scattering. The structure observed in the proton and alpha continua is quantitatively accounted for
by appropriate superposition of the processes3He(t, p)5Heg.s. → α+n, 3He(t, n)5Li g.s. → α+p, and
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3He(t, p+ α + n) in the ratiosσ = 1.37/0.90/2.40. The experiment does not distinguish the direct
three-body process from those involving5He*, 5Li*( 2P 1

2

) (1963SM03). See also (1953AL1A,
1953MO61, 1960YO06, 1961BA40).

7. 4He(n, n)4He Eb = −0.958

The coherent scattering length (thermal, bound) is 3.0 fm (1961WI1A). The thermal scattering
cross section is0.73±0.05 b (1964ST25). Total cross sections forEn = 0.0004 eV to 20 MeV are
given in (1958HU18, 1960HU08, 1964ST25): recent measurements have been made atEn = 0.1
to 6.2 MeV and 12 to 20 MeV (1960VA04), En = 1 to 20 MeV (1959BA48: ±1% to ±5%),
En = 7 to 12 MeV (1960FO09, 1962AU03: ±3%), En = 10 to 25 MeV (1965HO1D), En = 20
to 29 MeV (1963SH06, 1964SH30: ±1% to±2%), andEn ≈ 147 MeV (1964PA19).

The total cross section has a peak of 7.8 b (1960VA04) at En = 1.15 ± 0.05 MeV, Ec.m. =
0.92 ± 0.04 MeV, with a width of about 1.2 MeV (1964ST25). A second resonance is observed at
En = 22.15 ± 0.12 MeV, corresponding to the 16.7 MeVJ = 3

2

+ level (1959BO54, 1964SH30):
Γc.m. = 100 ± 50 keV, Γn = Γd = 50 ± 35 keV (1960HU08). The change in cross section and
in the angular distributions at resonance is consistent wihJ = 3

2
, Γd ≈ Γn (1964SH30). Attempts

to detect additional resonances atEn = 5.5 to 16 MeV (1959BA02) and atEn = 20 to 29 MeV
(1964SH30), 22 to 29 MeV (1965BE03) have been unsuccessful. If the “19 MeV” excited state
of 5He exists, the change in total cross section is less than a fewpercent if its width is greater
than about 100 keV; it is pointed out that aT = 3

2
level would be isospin forbidden in the present

reaction (1964SH30).
Information on angular distributions is summarized in (1963GO1M). Recent measurements

of differential cross sections are reported forEn = 2.0 to 20.9 MeV (1962AU03), En = 1.79
MeV (1963YO05), En = 2.37 to 2.87 MeV (1962DE01), En = 6.4 to 6.9 MeV (1959MA1E),
En = 14.9 MeV (1963MA1M) andEn = 16 to 26 MeV (1964SH30). Both the total cross sections
and the angular distributions are well accounted for, below15 MeV, by the phase shifts determined
by (1952DO30, 1953SE29) for 4He(p, p)4He with a shift inEλ of about 1 MeV (DGS phase shifts).
The s-wave phase shift decreases monotonically with increasing energy, and can be accounted for
by hard-sphere scattering withR = 2.6 fm. The P3

2

shift shows strong resonance behavior near 1
MeV, while the P1

2

shift changes more slowly, possibly indicating a broad P1

2

level at several MeV
excitation (1952DO30). ForEn = 16 to 22 MeV, the GTP phase shifts involving d- and f-waves
(1958GA13) are preferred (1963MA29, 1964SH30, 1964SH1E: see, however, (1962AU03)). See
also (1965RO1Q). At En = 23.7 MeV, the angular distribution determined from phase shiftsthat
are consistent with polarization and cross section data of (1963MA29) does not agree with the
experimental curve (1964SH30).

Polarization of neutrons scattered by4He has been discussed by (1952AD09, 1953SE29, 1953SI1A,
1960SA07), and asymmetry in elastic scattering using partially polarized neutrons has been stud-
ied for En = 2 to 24 MeV by (1961TR05, 1963MA29, 1963OT01, 1964PE14, 1964WA22). See
also (1963HA1G, 1965DA1F).
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Theoretical discussions of n,α scattering are given by (1958HO1B, 1959NA1A, 1959PI42,
1959SA1D, 1960BU1F, 1960MC1D, 1960MI1B, 1960NA1B, 1960SA1L, 1960SI1C, 1961TA1E,
1962LA1E, 1962MI1B, 1963FA1A, 1963PI03, 1964CR1B).

8. 4He(n, d)3H Qm = −17.590 Eb = −0.958

See (1960YO06, 1962AU03, 1964SH30).

9. (a)4He(d, p)5He Qm = −3.182

(b) 4He(d, pn)4He Qm = −2.225

The proton spectrum observed atEd = 14.8 MeV shows a prominent peak, of widthΓc.m. =
550±30 keV, and a monotonic continuum of lower energy protons, attributed to reaction (b). There
is no evidence of structure corresponding to possible sharpexcited states of5He (1956WA1B,
1957WA01: see also (1960AR1A)). At Ed = 8 and 14 MeV,θ = 21◦, the proton peak is well
fitted with DGS phase shifts for theα-n final state interaction (1964RO1D). The ground state
group, analyzed by stripping theory, givesθ2 = 0.05, more than a factor of 10 smaller than is
indicated by4He(n, n)4He (see5Li: 4He(p, p)4He) (1956WA1B, 1957WA01). At Ed = 7.7 to
11 MeV, proton spectra indicateQ = 850 keV for 5He → 4He + n. Correction to the energy
corresponding to an (n,α) phase shift of90◦ givesQ = 930 ± 70 keV, Γ = 570 ± 20 keV. Similar
treatment of (n,α) data yieldsQ = 900 ± 40 keV (1964OH01): see Table5.2.

Neutron time-of-flight spectra have been obtained atEd = 7.9, 8.9 and 10 MeV (1962LE12)
and 18.6 MeV (1961RY01). Two maxima are observed in the distribution, attributed to 4He(d,
n)5Li g.s. and 4He(d, p)5Heg.s. → α + n (1962LE12). The peak shapes have been analyzed in
terms ofα + n, α + p final state interactions by (1961RY01). See also (1963ER02, 1965IS1D,
1965NA1D, 1965NA1E).

10. 4He(t, d)5He Qm = −7.215

Not reported.

11. 6Li(γ, p)5He Qm = −4.655

See6Li.
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12. 6Li(n, d)5He Qm = −2.430

At En = 14 MeV, a well-defined ground-state group (Γc.m. = 0.8 MeV) is observed, as is a
continuum extending toEx ≈ 4 MeV in 5He. Both angular distributions are consistent withlp = 1
(1954FR03). See also7Li, and (1964SL1A, 1964TO1C).

13. 6Li(p, 2p)5He Qm = −4.655

At Ep = 155 to 450 MeV, the summed proton spectra show two peaks, withQ = −4.5 ± 1.5
and−20.3±1.5 MeV (1962GA09), −4.8±0.3 and−22.4±0.7 MeV (1964TI02), −4.9±0.3 and
−22.7±0.3 MeV (1965TY1A). The higher energy peak corresponds to ejection of anl = 1 proton:
6Li → 5Heg.s. + p, while the lower peak results from ejection of anl = 0 proton, presumably
leaving5He in the 16.7 MeV,3

2

+
state. See6Li.

14. 6Li(d, 3He)5He Qm = 0.839

At Ed = 14.5 MeV, the ground state group is observed:Γc.m. = 0.69 ± 0.2 MeV (1955LE24).
The 3He spectrum has been measured at several angles atEd = 14.8 MeV; the shape is analyzed
in terms of an (n+α) model of5He, using the known (n−α) phase shifts. The angular distribution
of ground state neutrons fits the Butler formula at forward angles withl = 1, R = 6 fm; a value
θ2
0 = 0.15 is obtained (1960HA14). See also (1959HA29).

15. 6Li(t, α)5He Qm = 15.160

The width of the ground stateΓc.m. = 0.7 ± 0.2 MeV (1956CR47). See also (1961HO01) and
(1959AJ76).

16. 7Li(n, t)5He Qm = −3.425

See (1954AL24, 1964SL1A, 1964VA19, 1964VA1E) and8Li.

17. (a)7Li(p, 3He)5He Qm = −4.189

(b) 7Li(p, pd)5He Qm = −9.683
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These reactions have not been reported. For reaction (b) see(1964BA1C).

18. 7Li(d, α)5He Qm = 14.164

The angular correlation of ground-stateα-particles and those resulting from the breakup of5He
is consistent withJπ = 3

2

−
(1951FR1A, 1956RI37) as is the (α-n) correlation (1957FA10). See

also (1964BR31).
High resolution spectra (Ed = 1.0 MeV) show only the ground state peak, superposed on a

continuous distribution (1958WE27). The ground state has a width of0.66±0.2 MeV (1955LE24).
At Ed = 0.15 to 0.20 MeV,α-α coincidence studies indicate a group corresponding toEx =
2.6 ± 0.4 MeV, Γ = 4.0 ± 1.0 MeV with intensity 50% greater than the ground state group. No
other excited states withEx < 7 MeV are seen (1964FE01); see also (1960HA09, 1964JO1D,
1964MA60, 1964SA1G, 1965BI1F, 1965IM01, 1965JO19).

19. 9Be(γ, α)5He Qm = −2.528

See9Be.
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5Li
(Figs. 2 and 3)

GENERAL:

See (1959BA1D, 1959MI1C, 1960PE14, 1960PH1A, 1961VA17, 1962DI1B, 1962IN02, 1963KU1B,
1964BA1Y, 1964GR1J, 1964SA1F, 1964ST1B).

1. 3He(d,γ)5Li Qm = 16.388

The excitation curve measured fromEd = 0.2 to 2.85 MeV shows a broad maximum atEd =
0.45±0.04 MeV (Eγ = 16.6±0.2 MeV, σ = 50±10 µb,Γγ = 11±2 eV). Above this maximum,
non-resonant capture is indicated by a slow rise of the crosssection. The radiation appears to
be isotropic to±10% atEd = 0.58 MeV, consistent with s-wave capture (1954BL89). See also
(1961TO1E).

2. 3He(d, n)4Li

(1964IM03) have searched for high-energy beta rays from4Li in this reaction. WithEd = 0.5
to 2.3 MeV, upper limits ofσ = 3 to 8 × 10−3 µb are obtained. Other searches for4Li have
been made by (1959AR61, 1959BA27, 1962TO12, 1964CL03). See also (1963KA28, 1964BE1L,
1964KI06, 1964KO1E, 1965DA1G). The astrophysical interest in4Li is discussed by (1958FO1C,
1964BA1X, 1964BA2A, 1964PA1A).

3. (a)3He(d, p)4He Qm = 18.354 Eb = 16.388

(b) 3He(d, np)3He Qm = −2.225

(c) 3He(d, 2p)3H Qm = −1.461

Cross sections and angular distributions for reaction (a) from Ed = 35 keV to 10 MeV are
given in (1957JA37). Below 100 keV the cross section follows the simple Gamow form: σ =
(18.2 × 103/E)exp(−91E−1/2) b (E in keV) (1953JA1A, 1954AR02). The zero-energy cross
section factorS0 = 6700 keV · b (1964PA1A). A pronounced resonance occurs atEd = 430
keV of about 450 keV width. The peak cross section is given as0.695 ± 0.014 b by (1952BO68,
1955KU03: see also (1953YA02, 1954FR01)). The resonance is closely fitted with the one-level
dispersion formula using the parameters listed in Table5.3. See also (1963MA1N, 1964HU1C,
1964JE1B).

The angular distribution of protons is isotropic near resonance and shows froward peaking at
higher energies. Differential cross sections have been measured atEd = 5.9, 7.5, 10.4, 12.3 and
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Table 5.4: Energy levels of5Li

Ex Jπ Γ Decay Reactions

(MeV) (MeV)

g.s. 3
2

−
≈ 1.5 p, α 1, 5, 6, 7, 9, 11, 12,

13, 14, 15, 16

5 − 10 1
2

−
3 − 5 p, α 7

16.65 3
2

+
≈ 0.3 γ, p, d,3He,α 1, 3, 4, 7

20.0 ± 0.5 (3
2

+
, 5

2

+
) d, 3He 4

13.7 MeV (1960ST25), andEd = 23.2 to 27.0 MeV (1964BI06). The similarity to3H(d, n)4He
is very close, and the angular distributions show pronounced direct interaction effects (1963BI08,
1964BI06). See also (1960BR1E).

The polarization of the protons has been studied as a function of Ed andθ for the rangeEd =
3.0 to 12.0 MeV by (1963BR10), at Ed = 0.77 and 1.88 MeV by (1963VA1H), at Ed = 1.5,
2.1 and 2.6 MeV by (1964FA01), at Ed = 2 MeV by (1964VA1G), and atEd = 8.3 MeV by
(1965RO02). (1963BR10) report polarizations as high as 0.76, in good agreement with the mirror
reaction. See also (1959GO1G, 1964MC1E, 1964SE1F, 1965BA15, 1965TA1J).

Proton groups have been reported corresponding to4He excited states atEx = 19.94 ± 0.02
MeV (Γ = 140 ± 25 keV) and21.24 ± 0.2 MeV (Γ = 1.1 ± 0.2 MeV) (1965PA01: E(3He) =
31.8 MeV). At Ed = 6 to 10 MeV (1964YO03) report a forward-peaked group corresponding to
Ex = 20.08± 0.05 MeV with Γ = 0.2± 0.05 MeV. See also (1960ST25, 1963YN02, 1965DO1H,
1965ME1D).

AboveEd = 3.71 MeV, deuteron breakup (reaction (b)) is observed: see (1955HE90, 1964DO1F).
The3He spectrum at forward angles gives evidence of a strong singlet p-n interaction (1965TO01).

The triton spectrum (reaction (c)) has been studied atEd = 11 MeV (1965TO01), 12 to 14 MeV
(1965HE1A, 1965JA1D), 20 and 25 MeV (1964AR08) and 24 to 33 MeV (1963BI14, 1964CO1A).
At small forward angles, a pronounced peak is observed at thehigh-energy end of the continuum,
indicating a strong p-p final state interaction. See also (1964DO1F).

4. 3He(d, d)3He Eb = 16.388

Differential cross sections forEd = 0.4 to 3 MeV are plotted in (1957JA37), and forEd = 5.6,
5.9, 8.3, 12.3 and 14.4 MeV are tabulated in (1960BR10). Measurements are also reported for
Ed = 2 to 11 MeV (1965TO1E), 23.2 to 27.0 MeV (1964BI06) and 29 MeV (1962GA22). See
also (1952AL36, 1959MC65, 1960BR19, 1960MC1E, 1963BI08).

In the rangeEd = 380 to 570 keV (θc.m. = 65◦) the scattering cross section is considerably
below Rutherford scattering and is consistent with s-wave formation of aJ = 3

2

+
state. Above

Ed = 2 MeV, the distributions are very similar to those reported in3H(d, d)3H (1954BR05,
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1960BR10). The angular distributions obtained by (1960BR10) are not symmetric around90◦.
Two minima are observed around90◦: the central maximum shifts towards larger angles with in-
creasing energy. (1965TO1E) report a broad state of5Li with Ex = 20.0 ± 0.5 MeV, formed by
d-wave deuterons (Jπ = 3

2

+
or 5

2

+
). See also (1960BA1M, 1965GR1Q).

5. 3He(t, n)5Li Qm = 10.131

The ground-state group is observed in addition to continuumneutrons atE(3He) = 3.2 MeV:
σ = 21 ± 4 mb,Q0 = 10.3 ± 0.2 MeV. The angular distributions indicate some direct interaction.
This reaction appears to be an order of magnitude more intense than the mirror reaction3H(3He,
p)5He (1961BA40: but see (1963SM03)).

6. 3He(3He, p)5Li Qm = 10.895

The spectrum of protons has been measured atE(3He) = 0.36 MeV (1954GO18), 4.9 MeV
(1965AL1L), 3 to 18 MeV (1965BA1D, 1965BA1E). A pronounced peak corresponding to the
formation of5Li g.s. is observed, superposed on a continuum; analysis with final state interaction
characterized byγ2 = 7 MeV, Eλ = 4.16 MeV yields a good fit to the data (1965BA1D). See
also (1963BA53, 1964TO1D). At small forward angles theα-spectrum has a pronounced peak,
indicating a strong p-p interaction (1964AR08, 1965TO01).

7. 4He(p, p)4He Eb = −1.965

References for the principal measurements of cross sections and polarizations are listed in
Table5.5, together with a selection of papers dealing with derived phase shifts and polarization.
Measured cross sections, phase shifts and polarizations upto Ep = 11 MeV are tabulated by
(1964BA08). In this rangel = 0 andl = 1 phase shifts are well determined,l = 2 less well.

Semi-empirical phase shifts includingl ≤ 2 andl ≤ 3 for Ep = 10 to 40 MeV have been cal-
culated by (1958GA13). Although these phase shifts give a reasonably good account of observed
differential cross sections (1957BR28, 1959BU98, 1959SA14), the observed polarization shows
striking deviations beginning atEp ≈ 29 MeV (1963CR09, 1963HW01, 1963WE11). At 40 MeV
(1963SU03) find that complex phase shifts withl ≤ 3 provide a satisfactory fit; (1963GI1G) use
real phase shifts withl ≤ 4.

In the region 0 to 11 MeV, the s-wave phase shift is satisfactorily accounted for by hard-sphere
scattering with radiusR = 2.5 fm. The course of the p-wave phase shifts is given by the Breit-
Wigner dispersion formula with the following parameters, calculated with a radiusR = 3.0 fm
(1964BA08: see also (1952AD09, 1952DO30)):
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Table 5.5: Measurements of elastic scattering and polarization in
4He(p, p)4He

Elastic scattering Polarization

Energy Reference Energy Reference

(MeV) (MeV)

1 − 3.6 1949FR20

1 − 4 1963SE1L 1 − 3.6 1958SC27, 1960SC1C

2 − 5.5 1958MI93

2 − 11 1964BA08 3.2 − 3.5 1952HE15

5.1 1951BR93 4.0 − 4.8 1964DR04

5.8 1954KR1B, 1955LU60 4.5 1964MA18

3.6 − 11.9 1963BR19

7.5; 9.5 1956PU41 5.32 1956JU10

9.2 − 14.5 1959SA14, 1960SA1M 6, 9, 11.5 1960SA07

9.5 1954FR22, 1957GI14 8.5 1961RO13

9.8 1955WI26 10 1961RO05

9.8 1954CO69 14.5 1962RO20

11.4 − 18 1957BR28 14.5 1958BR24

17.5 1956BR29 19 − 25 1963WE11

19.4 1956VA1B, 1957VA1B 22 − 48 1963CR09

20 1959BU98 22 1960NI1B

21 − 28 1964AL1N 38 1962HW1A, 1963HW01

27.9 1957WI22 38.7 1965BO1R

31 1953CO62, 1964BU16 48 1964GR1K

40 1957BR24 66, 147 1959CO64

53 1964CA1B 312 1956CH80

55 1964HA13, 1964HA1P, 1964HA49 725 1965MC04

66, 147 1959CO64, 1963PA1H

95 1958SE74 Phase shift and polarization

141, 154 1964PA19 calculations

312 1956CH80 Energy Reference

725 1965MC04 (MeV)

1 − 3.6 1949CR1A
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Table 5.5: Measurements of elastic scattering and polarization in
4He(p, p)4He (continued)

Elastic scattering Phase shift and polarization

calculations

Energy Reference Energy Reference

(MeV) (MeV)

5.8 1955LU60

5.8, 9.5 1952DO30, 1954KR1B

1 − 18 1957BR28, 1958BR24

1 − 18 1958MI93, 1959PH37

2 − 11 1964BA08

7.5 1956PA23

9 − 15 1959SA14

10 − 40 1958GA13

40 1963GI1G, 1963SU03

2P3

2

Eres,lab = 2.65, Eλ = 4.79, γ2 = 8.23 MeV, θ2 = 0.95.
2P1

2

Eλ = 20.2, γ2 = 15.3 MeV, θ2 = 1.76.

No evidence is found for other resonance levels belowEx = 16.6 MeV (1959HI70, 1959SA14,
1964BA08). An anomaly atEp = 23 MeV corresponding to5Li*(16.6) is reported by (1963WE11).
Model calculations of phase shifts are discussed by (1958GA13, 1958HO1B, 1959KE1A, 1959PI42,
1960BU1F, 1960HE15, 1962LA1E, 1962RO1F, 1964GI1E). See also (1959KE1A, 1960MC1D,
1960SI1C, 1963KA1G, 1964CR1B, 1964HO1F, 1965GI1E, 1965GR1U) and (1959AJ76).

Inelastic (p, p′) spectra at 185 MeV give evidence of a peak nearQ = −22.5 MeV (1958SE74,
1959HI70, 1962SA1E). At Ep = 55 MeV, (1964HA13, 1964HA1P, 1964HA49) report an inelas-
tic group corresponding to4He* = 22.4 ± 0.7 MeV, Γ = 1.7 ± 0.5 MeV. At Ep = 40 MeV two
groups are reported corresponding to4He* = 20.48 MeV, Γ ≈ 0.3 MeV, and 21.95 MeV,Γ ≈
several MeV (1965WI10).

8. (a)4He(p, d)3He Qm = −18.354 Eb = −1.965

(b) 4He(p, pn)3He Qm = −20.578

(c) 4He(p, 2p)3H Qm = −19.814

Angular distributions for reaction (a) are reported atEp = 27.9 MeV (1957WI22), 31 MeV
(1953BE14, 1964BU16), 53 MeV (1964CA1B), 55 MeV (1964HA13, 1964HA1P, 1964HA49)
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and 94 MeV (1958SE74). The distributions are characterized by a strong forward peak and a
secondary maximum. Analysis in terms of the momentum distribution of the picked-up neutron
is discussed by (1958SE74). The 31 MeV data have been analyzed by DWBA: a quite satisfac-
tory agreement in shape is obtained with large deuteron absorption. The observed distribution
agrees well with that derived from the inverse reaction (1964BU16). See also (1956EI05) and
(1963WE11). For reaction (b), see (1957WI22) and (1956EI05). For reaction (c), see (1956EI05,
1957WI22, 1958SE74, 1965RI1A, 1965TY1A).

9. 4He(d, n)5Li Qm = −4.190

Neutron spectra are reported forEd = 7.9, 8.9 and 9.9 MeV (1962LE12), 13 MeV (1956BO1F,
1956BO43), and 18.6 MeV (1961RY01) and forEα = 34.6 MeV (1961RY01). The spectra show
two peaks superimposed on a continuous distribution, one athigh energy, ascribed to formation of
5Li g.s. and one at low energy, corresponding to5Heg.s.. The observed spectra are well fitted with
resonance final state interaction of4He+ n, 4He+ p, characterized byEres = 1.0 and 2.1 MeV,
respectively,γ2 = 12 MeV · fm, R = 2.6 fm. A broad distribution underlying the peaks is ascribed
to direct breakup (1961RY01). See also5He: 4He(d, p)5He and (1965NA1D, 1965NA1E).

10. 4He(3He, d)5Li Qm = −7.459

Not reported.

11. 6Li(γ, n)5Li Qm = −5.662

See (1951SH63, 1951TI06, 1955TI1A, 1958RY77) and6Li.

12. 6Li(p, d)5Li Qm = −3.438

At Ep = 18.6 MeV, the ground state appears as a broad, asymmetric peak (Γ = 1.8 MeV). The
angular distribution conforms with stripping theory (ln = 1) at small angles (1955LI09). See also
(1964SH07).

13. 6Li(d, t)5Li Qm = 0.595
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At Ed = 1 MeV a broad ground state triton group is observed (Γc.m. = 2.0 MeV) (1958FR52).
Angular distributions have been measured atEd = 15 MeV (1959HA29, 1960HA14) and 20 MeV
(1959VL24). They are characteristic ofl = 1; θ2 = 0.24 (1959VL24), θ2 = 0.15 (1960HA14).
The spectrum shape is analyzed in terms of p-α scattering parameters by (1960HA14). See also
(1959KU1C) and8Be.

14. 6Li( 3He,α)5Li Qm = 14.916

See (1953KU24, 1955AL57, 1965KA1F, 1965YO1D).

15. 7Li(p, t)5Li Qm = −4.433

See (1957MA04, 1959KO1C).

16. 10B(3He, pα)4He4He Qm = 12.420

See (1964ET02, 1965ET1A, 1965WA1M).

17. (a)12C(p, 2α)5Li Qm = −9.240

(b) 16O(p, 3α)5Li Qm = −16.401

See (1961VA17) and (1962VA1A).

18



References

(Closed July 01, 1965)

References are arranged and designated by the year of publication followed by the first two letters of the first-

mentioned author’s name and then by two additional characters. Most of the references appear in the National Nuclear

Data Center files (Nuclear Science References Database) andhave NNDC key numbers. Otherwise, TUNL key num-

bers were assigned with the last two characters of the form 1A, 1B, etc. In response to many requests for more

informative citations, we have, when possible, included upto ten authors per paper and added the authors’ initials.

1949CR1A Critchfield and Dodder, Phys. Rev. 76 (1949) 602

1949FR20 G. Freier, E. Lampi, W. Sleator and J.H. Williams, Phys. Rev. 75 (1949) 1345

1951BR93 C.H. Braden, Phys. Rev. 84 (1951) 762

1951BU1B Butler and Symonds, Phys. Rev. 83 (1951) 858

1951FR1A French and Treacy, Proc. Phys. Soc. (London) A64 (1951) 452

1951MC37 K.G. McNeill and W. Rall, Phys. Rev. 83 (1951) 1244

1951SH63 R. Sher, J. Halpern and A.K. Mann, Phys. Rev. 84 (1951) 387

1951TI06 E.W. Titterton and T.A. Brinkley, Proc. Phys. Soc.(London) A64 (1951) 212

1952AD09 R.K. Adair, Phys. Rev. 86 (1952) 155

1952AL36 J.C. Allred, A.H. Armstrong, A.M. Hudson, R.M. Potter, E.S. Robinson, L. Rosen
and E.J. Stovall Jr., Phys. Rev. 88 (1952) 425

1952AR30 H.V. Argo, R.F. Taschek, H.M. Agnew, A. Hemmendinger and W.T. Leland, Phys.
Rev. 87 (1952) 612

1952BO68 T.W. Bonner, J.P. Conner and A.B. Lillie, Phys. Rev. 88 (1952) 473

1952CO35 J.P. Conner, T.W. Bonner and J.R. Smith, Phys. Rev.88 (1952) 468

1952DO30 D.C. Dodder and J.L. Gammel, Phys. Rev. 88 (1952) 520

1952HE15 M. Heusinkveld and G. Freier, Phys. Rev. 85 (1952) 80

1952ST69 W.R. Stratton, G.D. Freier, G.R. Keepin, D. Rankinand T.F. Stratton, Phys. Rev. 88
(1952) 257

1953AL1A Almqvist, Allen, Dewan and Pepper, Phys. Rev. 91 (1953) 1022

1953BE14 J. Benveniste and B. Cork, Phys. Rev. 89 (1953) 422

1953CO62 B. Cork, Phys. Rev. 89 (1953) 78

1953CU20 P. Cuer and J.J. Jung, Compt. Rend. 236 (1953) 1252

1953JA1A Jarvis and Roaf, Proc. Roy. Soc. 218 (1953) 432

1953KU24 W.E. Kunz, C.D. Moak and W.D. Good, Phys. Rev. 91 (1953) 676

1953MO61 C.D. Moak, Phys. Rev. 92 (1953) 383

19



1953SE29 J.D. Seagrave, Phys. Rev. 92 (1953) 1222

1953SI1A Simon and Welton, Phys. Rev. 90 (1953) 1036

1953YA02 J.L. Yarnell, R.H. Lovberg and W.R. Stratton, Phys. Rev. 90 (1953) 292

1954AL24 D.L. Allan, Nature 174 (1954) 267

1954AR02 W.A. Arnold, J.A. Phillips, G.A. Sawyer, E.J. Stovall Jr. and J.L. Tuck, Phys. Rev. 93
(1954) 483

1954BL89 J.M. Blair, N.M. Hintz and D.M. Van Patter, Phys. Rev. 96 (1954) 1023

1954BR05 R.J.S. Brown, K.F. Famularo, H.D. Holmgren, D. Rankin and T.F. Stratton, Phys. Rev.
96 (1954) 80

1954CO69 B. Cork and W. Hartsough, Phys. Rev. 96 (1954) 1267;UCRL 2590 (1954)

1954FR01 G. Freier and H. Holmgren, Phys. Rev. 93 (1954) 825

1954FR03 G.M. Frye Jr., Phys. Rev. 93 (1954) 1086

1954FR22 R.G. Freemantle, T. Grotdal, W.M. Gibson, R. McKeague, D.J. Prowse and J. Rotblat,
Phil. Mag. 45 (1954) 1090

1954GO18 W.M. Good, W.E. Kunz and C.D. Moak, Phys. Rev. 94 (1954) 87

1954KR1B Kravtsov, Usp. Fiz. Nauk 54 (1954) 3

1955AL57 E. Almqvist, K.W. Allen and C.B. Bigham, Phys. Rev.99 (1955) 631A

1955HE90 R.L. Henkel, J.E. Perry, Jr. and R.K. Smith, Phys. Rev. 99 (1955) 1050

1955KH31 L.M. Khromchenko and V.A. Blinov, Zh. Eksp. Teor. Fiz. 28 (1955) 741; JETP (Sov.
Phys.) 1 (1955) 596

1955KU03 W.E. Kunz, Phys. Rev. 97 (1955) 456

1955LE24 S.H. Levine, R.S. Bender and J.N. McGruer, Phys. Rev. 97 (1955) 1249

1955LI09 J.G. Likely, Phys. Rev. 98 (1955) 1538

1955LU60 H. Lustig and J.M. Blatt, Phys. Rev. 100 (1955) 777

1955RE44 A.A. Reut, S.M. Korenchenko, V.V. Yurev and B.M. Pontecorvo, Dokl. Akad. Nauk.
SSSR 102 (1955) 723; AERE Lib/Trans-600; AEC-tr-2205 (1955)

1955SA52 G.A. Sawyer and L.C. Burkhardt, Phys. Rev. 98 (1955) 1305

1955TI1A Titterton, Prog. Nucl. Phys. 4 (1955) 1

1955WI26 J.H. Williams and S.W. Rasmussen, Phys. Rev. 98 (1955) 56

1956BO1F Bogdanov, Vlasov, Kalinin, Rybakov and Sidorov, Physica 22 (1956) 1150

1956BO43 G.F. Bogdanov, N.A. Vlasov, S.P. Kalinin, B.V. Rybakov and V.A. Sidorov, Zh. Eksp.
Teor. Fiz. 30 (1956) 981; JETP (Sov. Phys.) 3 (1956) 793

1956BR29 K.W. Brockman, Jr, Phys. Rev. 102 (1956) 391

20



1956CH80 O. Chamberlain, E. Segre, R.D. Tripp, C. Wiegand and T. Ypsilantis, Phys. Rev. 102
(1956) 1659

1956CR47 D.S. Craig, W.G. Gross and R.G. Jarvis, Phys. Rev. 103 (1956) 1427

1956EI05 R.M. Eisberg, Phys. Rev. 102 (1956) 1104

1956FO1A Fowler and Brolley, Rev. Mod. Phys. 28 (1956) 103

1956GA51 A. Galonsky and C.H. Johnson, Phys. Rev. 104 (1956)421

1956JU10 A.C. Juveland and W. Jentschke, Z. Physik 144 (1956) 521

1956PA23 E.B. Paul, Physica 22 (1956) 1140A

1956PU41 T.M. Putnam, J.E. Brolley Jr. and L. Rosen, Phys. Rev. 104 (1956) 1303

1956RI37 A.C. Riviere, Nucl. Phys. 2 (1956) 81

1956VA1B Vanetsian and Fedchenko, Physica 22 (1966) A1124

1956WA1B Warburton, Ph.D. Thesis, Univ. of Pittsburgh (1956)

1957BA10 S.J. Bame Jr. and W.T. Leland, Phys. Rev. 106 (1957)1257

1957BA21 S.J. Bame Jr. and J.E. Perry Jr., Phys. Rev. 107 (1957) 1616

1957BL1A Blanchard and Winter, Phys. Rev. 107 (1957) 774

1957BR24 M.K. Brussell and J.H. Williams, Phys. Rev. 106 (1957) 286

1957BR28 K.W. Brockman, Phys. Rev. 108 (1957) 1000

1957FA10 F.J.M. Farley and R.E. White, Nucl. Phys. 3 (1957) 561; Erratum Nucl. Phys. 3 (1957)
692

1957GI14 W.M. Gibson, D.J. Prowse and J. Rotblat, Proc. Roy.Soc. A243 (1957) 237

1957JA37 N. Jarmie, J.D. Seagrave et al., LA-2014 (1957)

1957MA04 D.R. Maxson and E.F. Bennett, Bull. Amer. Phys. Soc. 2 (1957) 180, E5

1957VA1B Vanetsian and Fedchenko, Sov. J. At. Energy 2 (1957) 141

1957WA01 E.K. Warburton and J.N. McGruer, Phys. Rev. 105 (1957) 639

1957WI22 A.F. Wickersham Jr., Phys. Rev. 107 (1957) 1050

1958BA82 Y.G. Balashko and I.Y. Barit, Zh. Eksp. Teor. Fiz. 34 (1958) 1034; JETP (Sov. Phys.)
7 (1958) 715

1958BR24 K.W. Brockman Jr., Phys. Rev. 110 (1958) 163

1958FO1C Fowler, Mem. Soc. Roy. Sc. Liege III (1958) 207

1958FR52 R.T. Frost and S.S. Hanna, Phys. Rev. 110 (1958) 939

1958GA13 J.L. Gammel and R.M. Thaler, Phys. Rev. 109 (1958) 2041

1958HO1B Hodgson, Adv. Phys. 7 (1958) 1

21



1958HU18 D.J. Hughes and R.B. Schwartz, BNL-325, 2nd Ed. (1958); BNL-325, 2nd Ed., Suppl.
I (1960)

1958JA06 N. Jarmie and R.C. Allen, Phys. Rev. 111 (1958) 1121

1958MI93 P.D. Miller and G.C. Phillips, Phys. Rev. 112 (1958) 2043

1958RY77 T.W. Rybka and L. Katz, Phys. Rev. 110 (1958) 1123

1958SC27 M.J. Scott, Phys. Rev. 110 (1958) 1398

1958SE74 W. Selove and J.M. Teem, Phys. Rev. 112 (1958) 1658

1958TA03 Y.-K. Tai, G.P. Millburn, S.N. Kaplan and B.J. Moyer, Phys. Rev. 109 (1958) 2086

1958WE27 G. Weber, Phys. Rev. 110 (1958) 529

1959AJ76 F. Ajzenberg and T. Lauritsen, Nucl. Phys. 11 (1959) 1

1959AR61 K.P. Artemov, S.P. Kalinin and L.N. Samoilov, Zh. Eskp. Teor. Fiz. 37 (1959) 663;
JETP (Sov. Phys.) 10 (1960) 474

1959BA02 R. Bass, T.W. Bonner, E.A. Davis, F. Gabbard and T. Retz-Schmidt, Bull. Amer. Phys.
Soc. 4 (195) 95, C2

1959BA1D Baz, Adv. Phys. 8 (1959) 349

1959BA48 M.E. Battat et al., Nucl. Phys. 12 (1959) 291

1959BA27 S. Bashkin, R.W. Kavanagh and P.D. Parker, Phys. Rev. 3 (1959) 518

1959BO54 T.W. Bonner, F.W. Prosser Jr. and J. Slattery, Phys. Rev. 115 (1959) 398

1959BR1E Brink and Kerman, Nucl. Phys. 12 (1959) 314

1959BU98 J.W. Burkig, Phys. Rev. 116 (1959) 674

1959CO57 J.H. Coon and R.W. Davis, Bull. Amer. Phys. Soc. 4 (1959) 366, Q7

1959CO64 A.M. Cormack, J.N. Palmieri, N.F. Ramsey and R. Wilson, Phys. Rev. 115 (1959)
599

1959GO1G Goldfarb, Nucl. Phys. 12 (1959) 657

1959HA29 E.W. Hamburger, Thesis, Univ. of Pittsburgh (1959)

1959HI70 P. Hillman, A. Johansson, G. Tibell and H. Tyren, Nucl. Phys. 12 (1959) 596

1959KE1A Kerman, McManus and Thaler, Ann. Phys. 8 (1959) 551

1959KO1C Komarov, Neudachin, Popova and Teplov, JETP (Sov.Phys.) 8 (1959) 679

1959KU1C Kurepin and Neudachin, Zh. Eksp. Teor. Fiz. 36 (1959) 1725; JETP (Sov. Phys.) 9
(1959) 1229

1959MA1E Marin and Vo-Xuan, Compt. Rend. 248 (1959) 1316

1959MC65 J.S.C. McKee, D.R. Sweetman, P.V. March, W.T. Toner and W.M. Gibson, Phys. Rev.
115 (1959) 143

22



1959MI1C Micu and Sandulescu, Stud. Cercetari Fiz. (Romania) 10 (1959) 257; Phys. Abs. 5851
(1961)

1959NA1A Nagata, Sasakawa, Sawada and Tamagaki, Prog. Theor. Phys. 22 (1959) 274

1959NO40 E. Norbeck, J.M. Blair, L. Pinsonneault and R.J. Gerbracht, Phys. Rev. 116 (1959)
1560

1959PH37 G.C. Phillips and P.D. Miller, Phys. Rev. 115 (1959) 1268

1959PI42 G. Pisent and C. Villi, Nuovo Cim. 11 (1959) 300

1959SA11 J. Sawicki, Nucl. Phys. 13 (1959) 350

1959SA14 J. Sanada, J. Phys. Soc. Jpn. 14 (1959) 1463

1959SA1D Sakamato and Sasakewa, Prog. Theor. Phys. 22 (1959) 299

1959SM97 R.K. Smith, L. Cranberg and J.S. Levin, Bull. Amer.Phys. Soc. 4 (1959) 218, AB3

1959VL24 N.A. Vlasov and A.A. Ogloblin, Zh. Eksp. Teor. Fiz.37 (1959) 54; JETP (Sov. Phys.)
10 (1960) 39

1960AR1A Artemov and Vlasov, Zh. Eskp. Teor. Fiz. 39 (1960) 1612; JETP (Sov. Phys.) 12
(1961) 1124

1960BA1M Balashko and Barit, Nucl. Forces and the Few Nucleon Problem (Pergamon, 1960)
615

1960BR10 J.E. Brolley Jr., T.M. Putnam, L. Rosen and L. Stewart, Phys. Rev. 117 (1960) 1307

1960BR19 D.J. Bredin, J.B.A. England, D. Evans, J.S. McKee,P.V. March, E.M. Mosinger and
W.T. Toner, Proc. Roy. Soc. A258 (1960) 202

1960BR1E Bransden, Nucl. Forces and the Few Nucleon Problem(Pergamon, 1960) 527

1960BR1F Brolley and Fowler, in Fast Neutron Phys., Eds. Marion and Fowler, Interscience
(1960)

1960BU1F Burke, Nucl. Forces and the Few Nucleon Problem (Pergamon, 1960) 413

1960FO09 D.B. Fossan, Bull. Amer. Phys. Soc. 5 (1960) 409, D6

1960GO36 V.I. Goldansky, Zh. Eksp. Teor. Fiz. 38 (1960) 1637; JETP (Sov. Phys.) 11 (1960)
1179

1960HA09 B.O. Hannah, E.B. Carter and R.H. Davis, Bull. Amer. Phys. Soc. 5 (1960) 229, C6

1960HA14 E.W. Hamburger and J.R. Cameron, Phys. Rev. 117 (1960) 781

1960HE15 A. Herzenberg and E.J. Squires, Nucl. Phys. 19 (1960) 280

1960HU08 D.J. Hughes, B.A. Magurno and M.K. Brussel, BNL-325, 2nd Ed., Suppl. 1 (1960)

1960JU04 J. Juna, P. Horvath and K. Konecny, Czech. J. Phys. 10 (1960) 715

1960LA1B Laskar, Tate and Burke, Nucl. Forces and the Few Nucleon Problem (Pergamon,
1960) 559

23



1960MC1D McManus, Nucl. Forces and the Few Nucleon Problem (Pergamon, 1960) 183

1960MC1E McKee, Nucl. Forces and the Few Nucleon Problem (Pergamon, 1960) 609

1960MI1B Mikhlin and Stavinskii, Atomn. Energ. (USSR) 8 (1960) 141; Sov. J. At. Energy 8
(1961) 127; Reactor Sci. Tech. 16 (1962) 119

1960NA1B Nagata, Sasakawa, Sawada and Tamagaki, Nucl. Forces and the Few Nucleon Prob-
lem (Pergamon, 1960) 435

1960NI1B Nir, Conzett and Igo, Bull. Amer. Phys. Soc. 5 (1960) 494

1960PE14 L.D. Pearlstein, Y.C. Tang and K. Wildermuth, Phys. Rev. 120 (1960) 224

1960PH1A Phillips and Tombrello, Nucl. Phys. 19 (1960) 555

1960SA07 J. Sanada, K. Nisimura, S. Suwa, I. Hayashi, F. Fukunaga, N. Ryu and M. Seki, J.
Phys. Soc. Jpn. 15 (1960) 754

1960SA1L Sakamoto and Sasakawa, Nucl. Forces and the Few Nucleon Problem (Pergamon,
1960) 213

1960SA1M Sanada, Nucl. Forces and the Few Nucleon Problem (Pergamon, 1960) 663

1960SC1C Scott, Nucl. Forces and the Few Nucleon Problem (Pergamon, 1960) 461

1960SI1C Singh, Nucl. Forces and the Few Nucleon Problem (Pergamon, 1960) 203

1960ST25 L. Stewart, J.E. Brolley Jr. and L. Rosen, Phys. Rev. 119 (1960) 1649

1960VA04 F.J. Vaughn, W.L. Imhof, R.G. Johnson and M. Walt, Phys. Rev. 118 (1960) 683

1960WI1B Willard, Galonsky and Welton, Nucl. Forces and theFew Nucleon Problem (Perga-
mon, 1960) 577

1960YO06 L.G. Youn, G.M. Osetinskii, N. Sodnom, A.M. Govorov, I.V. Sizov and V.I. Salatskii,
Zh. Eksp. Teor. Fiz. 39 (1960) 225; JETP (Sov. Phys.) 12 (1961) 163

1960ZE03 Ya.B. Zeldovich, Zh. Eksp. Teor. Fiz. 38 (1960) 1123; JETP (Sov. Phys.) 11 (1960)
812

1961BA1C Baz, Goldanskii and Zeldovich, Sov. Phys. Uspekhi3 (1961) 729

1961BA1E Balashov, Neudachin and Smirnov, Izv. Akad. Nauk SSSR Ser. Fiz. 25 (1961) 170;
Bull. Acad. Sci. USSR Phys. 25 (1961) 165

1961BA40 J.F. Barry, R. Batchelor and B.E.F. Macefield, Proc. Rutherford Jub. Int. Conf.,
Manchester, England; Ed. J.B. Birks (Academic Press, New York, 1961) 543

1961DI1B Didier, J. Phys. Rad. 22 (1961) 149A

1961GO02 M.D. Goldberg and J.M. Le Blanc, Phys. Rev. 122 (1961) 164

1961HO01 H.D. Holmgren and L.M. Cameron, Bull. Amer. Phys. Soc. 6 (1961) 36, MA2

1961PE13 R.B. Perkins and J.E. Simmons, Phys. Rev. 124 (1961) 1153

1961RO05 L. Rosen, J.E. Brolley Jr. and L. Stewart, Phys. Rev. 121 (1961) 1423

24



1961RO13 L. Rosen, J.E. Brolley Jr., M.L. Gursky and L. Stewart, Phys. Rev. 124 (1961) 199

1961RU1A Rudin, Streibel, Baumgartner, Brown and Huber, Helv. Phys. Acta 34 (1961) 58

1961RY01 B.V. Rybakov, V.A. Sidorov and N.A. Vlasov, Nucl. Phys. 23 (1961) 491

1961TA05 Y.C. Tang, K. Wildermuth and L.D. Pearlstein, Phys. Rev. 123 (1961) 548

1961TA1E Takamura and Tamagaki, Prog. Theor. Phys. 25 (1961) 855

1961TO1E Tombrello and Phillips, Bull. Amer. Phys. Soc. 6 (1961) 295

1961TR05 I.S. Trostin, V.A. Smotryaev and I.I. Levintov, Zh. Eksp. Teor. Fiz. 41 (1961) 725;
JETP (Sov. Phys.) 14 (1962) 524

1961VA17 S.S. Vasilev, V.M. Komarov and A.M. Popova, Izv. Akad. Nauk SSSR Ser. Fiz. 25
(1961) 1117; Bull. Acad. Sci. Phys. 25 (1960) 1124

1961WI1A Wilkinson, Wollan and Koehler, Ann. Rev. Nucl. Sci. 11 (1961) 303

1961YA04 M. Yamada and Z. Matumoto, J. Phys. Soc. Jpn. 16 (1961) 1497

1962AR05 P.E. Argan, G. Bendiscioli, A. Piazzoli, V. Bisi, M.I. Ferrero and G. Piragino, Phys.
Rev. Lett. 9 (1962) 405

1962AU03 S.M. Austin, H.H. Barschall and R.E. Shamu, Phys. Rev. 126 (1962) 1532

1962CE03 R.J. Cence and C.N. Waddell, Phys. Rev. 128 (1962) 1788

1962DE01 F. Demanins, G. Pisent, G. Poiani and C. Villi, Phys. Rev. 125 (1962) 318

1962DI1B Dietrich, Z. Phys. 167 (1962) 563

1962GA09 J.P. Garron, J.C. Jacmart, M. Riou, C. Ruhla, J. Teillac and K. Strauch, Nucl. Phys.
37 (1962) 126

1962GA22 A. Garcia, G. Pardo and P. Tarrega, An. Real. Soc. Espan. Fis. y Quim. A58 (1962)
233

1962HW1A Hwang, Nodby, Suwa and Williams, Phys. Rev. 9 (1962) 104; Padua (1963) 649

1962IN02 D.R. Inglis, Nucl. Phys. 30 (1962) 1

1962IN1A Inglis, Rev. Mod. Phys. 34 (1962) 165

1962LA1E Landy and Squires, Nucl. Phys. 35 (1962) 319

1962LE12 H.W. Lefevre, R.R. Borchers and C.H. Poppe, Phys. Rev. 128 (1962) 1328

1962MI1B Mitra, Bhasin and Bhakar, Nucl. Phys. 38 (1962) 316

1962PO04 C.H. Poppe, Phys. Lett. 2 (1962) 171

1962RO1F Robson, Nucl. Phys. 30 (1962) 316

1962RO20 L. Rosen and W.T. Leland, Phys. Rev. Lett. 8 (1962) 379

1962SA1E Sakamoto, Nuovo Cim. 25 (1962) 565

25



1962SE09 F. Seiler, E. Baumgartner, W. Haeberli, P. Huber and H.R. Striebel, Helv. Phys. Acta
35 (1962) 385

1962TO12 T.A. Tombrello, C. Miller Jones, G.C. Phillips andJ.L. Weil, Nucl. Phys. 39 (1962)
541; Erratum Nucl. Phys. 43 (1963) 528

1962VA1A Vasilyev, Komarcv and Popova, Zh. Skep. Teor. Fiz.43 (1962) 737; JETP (Sov. Phys.)
16 (1963) 521

1962WE1E Werntz, Phys. Rev. 128 (1962) 1336

1963AR06 P.E. Argan and A. Piazzoli, Phys. Lett. 4 (1963) 350

1963BA53 A.D. Bacher, Bull. Amer. Phys. Soc. 8 (1963) 597, F3

1963BI08 O.M. Bilaniuk and R.J. Slobodrian, Phys. Lett. 4 (1963) 209

1963BI14 O.M. Bilaniuk and R.J. Slobodrian, Phys. Lett. 7 (1963) 77

1963BR10 R.I. Brown and W. Haeberli, Phys. Rev. 130 (1963) 1163

1963BR19 R.I. Brown, W. Haeberli and J.X. Saladin, Nucl. Phys. 47 (1963) 212

1963CR09 M.K. Craddock, R.C. Hanna, L.P. Robertson and B.W.Davies, Phys. Lett. 5 (1963)
335

1963EC1A Eccleshall, Hinds, Middleton and Yates, Private Communication (1963)

1963ER02 H.J. Erramuspe and R.J. Slobodrian, Nucl. Phys. 49(1963) 65

1963FA1A Fasoli and Zago, Nuovo Cim. 30 (1963) 1169

1963GI1G Giamati, Madsen and Thaler, Phys. Rev. Lett. 11 (1963) 163

1963GO1M Goldberg, May and Stehn, BNL-400, 2nd Ed., Vol. 1 (1963)

1963HA1G Haeberli, in Fast Neutron Phys., Eds. Marion and Fowler (Academic Press, 1963)
1379

1963HW01 C.F. Hwang, G. Clausnitzer, D.H. Nordby, S. Suwa and J.H. Williams, Phys. Rev. 131
(1963) 2602

1963KA1G Kaneda, Nagata, Otsuki and Sumi, Prog. Theor. Phys. 29 (1963) 610; Prog. Theor.
Phys. 30 (1963) 475

1963KA28 R.W. Kavanagh, P.D. Parker and G.D. Symons, Bull. Amer. Phys. Soc. 8 (1963) 597,
F1

1963KU1B Kunz, Can. J. Phys. 41 (1963) 2187

1963LO1C Lohrmann, Meyer and Wuster, Phys. Lett. 6 (1963) 216

1963MA1M Malaroda, Poiani and Pisent, Phys. Lett. 5 (1963) 205

1963MA1N Mahaux, Bull. Soc. Roy. Sci. Liege 32 (1963) 70; Phys. Abs. 22358 (1963)

1963MA29 T.H. May, R.L. Walter and H.H. Barschall, Nucl. Phys. 45 (1963) 17

1963NE02 B.M.K. Nefkens, Phys. Rev. Lett. 10 (1963) 55

26



1963OT01 P.S. Otstavnov, G.N. Lovchikova and V.I. Popov, Zh. Eksp. Teor. Fiz. 45 (1963) 1754;
JETP (Sov. Phys.) 18 (1964) 1202

1963PA1H Palmieri, Goloskie and Cormack, Phys. Lett. 6 (1963) 289

1963PI03 G. Pisent and A.M. Saruis, Nuovo Cim. 28 (1963) 600

1963PO02 C.H. Poppe, C.H. Holbrow and R.R. Borchers, Phys. Rev. 129 (1963) 733

1963RU1A Rury and Crawford, Nucl. Instrum. Meth. 24 (1963) 413

1963SE1L Seth, Chalmers, Strait and Cox, Bull. Amer. Phys. Soc. 8 (1963) 38

1963SH06 R.E. Shamu, G.G. Ohlsen and P.G. Young, Phys. Lett.4 (1963) 286

1963SM03 D.B. Smith, N. Jarmie and A.M. Lockett, Phys. Rev. 129 (1963) 785

1963SU03 S. Suwa and A. Yokosawa, Phys. Lett. 5 (1963) 351

1963VA1H Valter, Skakun, Klyucharev and Strashinskii, Zh.Eksp. Teor. Fiz. 44 (1963) 475;
JETP (Sov. Phys.) 17 (1963) 324

1963WE10 C. Werntz and J.G. Brennan, Phys. Lett. 6 (1963) 113

1963WE11 W.G. Weitkamp, Bull. Amer. Phys. Soc. 8 (1963) 537,S4

1963YN02 J.L. Yntema, S.S. Hanna and R.E. Segel, Bull. Amer.Phys. Soc. 8 (1963) 537, S5

1963YO05 P.G. Young, G.G. Ohlsen and P.L. Okhuysen, Aust. J.Phys. 16 (1963) 185

1964AL1E Alekseev, Arifkhanov, Vlasov, Davidiv and Samoilov, Zh. Eksp. Teor. Fiz. 47 (1964)
433; JETP (Sov. Phys.) 20 (1965) 287

1964AL1N Allison and Smythe, Bull. Amer. Phys. Soc. 9 (1964)544

1964AN06 V.N. Andreev and S.M. Sirotkin, Zh. Eksp. Teor. Fiz. 46 (1964) 1178; JETP (Sov.
Phys. ) 19 (1964) 797

1964AR08 K.P. Artjomov, V.J. Chuev, V.Z. Goldberg, A.A. Ogloblin, V.P. Rudakov and I.N.
Serikov, Phys. Lett. 12 (1964) 53

1964BA08 A.C.L. Barnard, C.M. Jones and J.L. Weil, Nucl. Phys. 50 (1964) 604

1964BA1C Balashov, Boyarkina and Rotter, Nucl. Phys. 59 (1964) 417

1964BA1X Bahcall, Phys. Rev. 135 (1964) B137

1964BA1Y Barker, Proc. Phys. Soc. (London) 84 (1964) 681

1964BA2A Bahcall, Phys. Rev. Lett. 12 (1964) 300

1964BE1L Beniston, Krishnamurthy, Levi Setti and Raymund,Phys. Rev. Lett. 13 (1964) 553

1964BE1M Berkowitz, Nucl. Phys. 60 (1964) 555

1964BI06 O.M. Bilaniuk and R.J. Slobodrian, Nucl. Phys. 50 (1964) 585

1964BO1N Booth et al., Bull. Amer. Phys. Soc. 9 (1964) 545

1964BR1P Brill, Pankratov, Rudakov and Ribakov, Atomn. Energ. (USSR) 16 (1964) 141

27



1964BR31 G. Bruno, J. Decharge, A. Perrin and G. Surget, Compt. Rend. 259 (1964) 3995

1964BU16 S.M. Bunch, H.H. Forster and C.C. Kim, Nucl. Phys. 53 (1964) 241

1964CA05 R.R. Carlson, E. Norbeck and V. Hart, Bull. Amer. Phys. Soc. 9 (1964) 419, DA9

1964CA1B Cairns, Griffith, Lush, Metheringham and Thomas, Nucl. Phys. 60 (1964) 369

1964CL03 T.B. Clegg, A.C.L. Barnard, J.B. Swint and J.L. Weil, Nucl. Phys. 50 (1964) 621

1964CO1A Conzett, Shield, Slobodrian and Yamabe, Phys. Rev. Lett. 13 (1964) 625

1964CR1B Cromer and Palmieri, Ann. Phys. 30 (1964) 32

1964DO1F Donovan, Kane, Mollenauer and Parker, Bull. Amer.Phys. Soc. 9 (1964) 389

1964DR04 L. Drigo, C. Manduchi, G.C. Nardelli, M.T. Russo-Manduchi and G. Zannoni, Nucl.
Phys. 60 (1964) 441

1964ET02 J.E. Etter, M.A. Waggoner, H.D. Holmgren, C. Moazed and A.A. Jaffe, Phys. Lett. 12
(1964) 42

1964FA01 H.L. Fann, R.W. Detenbeck and H. Taketani, Bull. Amer. Phys. Soc. 9 (1964) 43,
DC5

1964FE01 P. Fessenden and D.R. Maxson, Phys. Rev. 133 (1964)B71

1964GI1E Giamati and Thaler, Nucl. Phys. 59 (1964) 159

1964GO1B V.I. Goldanskii, Int. Congress on Nucl. Phys., Paris (1964) 21, 296

1964GO25 V.I. Goldansky, Phys. Lett. 9 (1964) 184

1964GR1J Green, Nucl. Phys. 54 (1964) 505

1964GR1K Griffith, Imrie, Lush and Robbins, Congres Int. de Phys. Nucl., Paris (1964)

1964HA13 S. Hayakawa, N. Horikawa, R. Kajikawa, K. Kikuchi,H. Kobayakawa, K. Matsuda,
S. Nagata and Y. Sumi, Phys. Lett. 8 (1964) 333

1964HA1P S. Hayakawa, N. Horikawa, R. Kajikawa, K. Kikuchi,H. Kobayakawa, K. Matsuda,
S. Nagata and Y. Sumi, Phys. Lett. 8 (1964) 330

1964HA49 S. Hayakawa, N. Horikawa, R. Kajikawa, K. Kikuchi,H. Kobayakawa, K. Matsuda,
S. Nagata and Y. Sumi, J. Phys. Soc. Jpn. 19 (1964) 2004

1964HE1G Headrick, Bonar, Drake and Hughes, Bull. Amer. Phys. Soc. 9 (1964) 390

1964HO1F Holdeman, Schenter and Thaler, Bull. Amer. Phys. Soc. 9 (1964) 15

1964HU1C Humblet and Jeukenne, Congres Int. de Phys. Nucl.,Paris (1964)

1964IM03 W.L. Imhof, F.J. Vaughn, L.F. Chase Jr., H.A. Grench and M. Walt, Nucl. Phys. 59
(1964) 81

1964JE1B Jeukenne, Nucl. Phys. 58 (1964) 1

1964JO1D Jones, Bair, Johnson and Willard, Congres Int. de Phys. Nucl., Paris (1964)

1964KI06 C.C. Kim, S.M. Bunch, D.W. Devins and H.H. Forster,Nucl. Phys. 58 (1964) 32

28



1964KO1E Kocharov, Izv. Akad. Nauk SSSR Ser. Fiz. 28 (1964) 1721

1964MA18 C. Manduchi, G.C. Nardelli, M.T. Russo-Manduchi and G. Zannoni, Nucl. Phys. 53
(1964) 605

1964MA60 M. Manalis and J.E. Henkel, Phys. Rev. 136 (1964) B1741

1964MC1E McIntyre and Haeberli, Bull. Amer. Phys. Soc. 9 (1964) 390

1964NE02 B.M.K. Nefkens and G. Moscati, Phys. Rev. 133 (1964) B17

1964OH01 G.G. Ohlsen and P.G. Young, Phys. Rev. 136 (1964) B1632

1964PA19 J.N. Palmieri and R. Goloskie, Nucl. Phys. 59 (1964) 253

1964PA1A Parker, Bahcall and Fowler, Astrophys. J. 139 (1964) 602

1964PA24 A. Paulsen and H. Liskien, Nucl. Phys. 56 (1964) 394

1964PE14 R.B. Perkins and C. Glashausser, Nucl. Phys. 60 (1964) 433

1964PO03 R.V. Popic, B.Z. Stepancic and N.R. Aleksic, Phys.Lett. 10 (1964) 79

1964PO1B Popic, Stepancic and Aleksic, Congres Int. de Phys. Nucl., Paris (1964)

1964RO08 P.C. Rogers and R.H. Stokes, Phys. Lett. 8 (1964) 320

1964RO1D Rothe, Private Communication (1964)

1964SA1F Sandulescu and Dumitrescu, Phys. Lett. 11 (1964) 420

1964SA1G Sah, Physica 30 (1964) 1713

1964SC02 A. Schwarzschild, A.M. Poskanzer, G.T. Emery and M. Goldhaber, Phys. Rev. 133
(1964) B1

1964SE1F Seiler, Darden, Mcintyre and Weitakmp, Nucl. Phys. 53 (1964) 65

1964SH07 T.H. Short and N.M. Hintz, Bull. Amer. Phys. Soc. 9 (1964) 391, BA16

1964SH18 N.K. Sherman and P. Barreau, Phys. Lett. 9 (1964) 151

1964SH30 R.E. Shamu and J.G. Jenkin, Phys. Rev. 135 (1964) B99

1964SH1E Shamu and Robson, Bull. Amer. Phys. Soc. 9 (1964) 390

1964SL1A Slaus, Tudoric, Valkovic, Rendic, Tomas and Cerineo, Congres Int. de Phys. Nucl.,
Paris (1964)

1964SM1B Smith, Criegee, Moscati and Nefkens, Bull. Amer. Phys. Soc. 9 (1964) 420

1964ST1B Stovall, Phys. Rev. 133 (1964) B268

1964ST25 J.R. Stehn, M.D. Goldberg, B.N. Magurno and R. Wiener-Chasman, BNL-325, 2nd
Ed., Suppl. 2, Vol. 1 (1964)

1964TI02 G. Tibell, O. Sundberg and P.U. Renberg, Ark. Fys. 25 (1964) 433

1964TO1C Tomas, Paic, Valkovic, Cerineo, Slaus and Rendic,Congres Int. de Phys. Nucl., Paris
(1964)

29



1964TO1D Tombrello, Bull. Amer. Phys. Soc. 9 (1964) 704

1964TR1C Trachslin et al., Helv. Phys. Acta 37 (1964) 216

1964VA19 V. Valkovic, Nucl. Phys. 60 (1964) 581

1964VA1E Valkovic and Tomas, Congres Int. de Phys. Nucl., Paris (1964)

1964VA1G Valter, Skakun, Klucharev and Strashinsky, Congres Int. de Phys. Nucl., Paris (1964)

1964VL1A N.A. Vlasov and L.N. Samoilov, Atomn. Energ. (USSR) 17 (1964) 3; Sov. J. At.
Energy 17 (1964) 687

1964VO1D von Hippel and Divakaran, Phys. Rev. Lett. 12 (1964) 128

1964WA22 R.L. Walter, W. Benenson, T.H. May and C.A. Kelsey,Nucl. Phys. 59 (1964) 235

1964WE1B Werntz, Phys. Rev. 133 (1964) B19

1964YO03 P.G. Young and G.G. Ohlsen, Phys. Lett. 8 (1964) 124; Erratum Phys. Lett. 11 (1964)
192

1965AJ03 V. Ajdacic, M. Cerineo, B. Lalovic, G. Paic, I. Slaus and P. Tomas, Phys. Rev. Lett.
14 (1965) 444

1965AL1L Aldridgr, Wildenthal and Youngblood, Rev. Mod. Phys. 37 (1965) 430

1965BA15 S.D. Baker, G. Roy, G.C. Phillips and G.K. Walters,Phys. Rev. Lett. 15 (1965) 115

1965BA1A A.I. Baz, V.I. Goldanskii and Ya.B. Zeldovich, Usp. Fiz. Nauk 85 (1965) 445; Sov.
Phys. Usp. 8 (1965) 177

1965BA1D Bacher and Tombrello, Rev. Mod. Phys. 37 (1965) 433

1965BA1E Bacher and Tombrello, Bull. Amer. Phys. Soc. 10 (1965) 693

1965BE03 R.E. Benenson, D.B. Lightbody, A. Sayres and W.E. Stephens, Bull. Amer. Phys. Soc.
10 (1965) 52, DC8

1965BE1P Bernstein, Ginaven, Chubinsky and Kossler, Unknown Source

1965BI1F Bilwes and Bourotte, Rev. Mod. Phys. 37 (1965) 458

1965BO13 F. Boreli, V. Lazarevic and N. Radisic, Nucl. Phys.66 (1965) 301

1965BO1M Bodmer and Murphy, Nucl. Phys. 64 (1965) 593

1965BO1R Boschitz, Chabre, Conzett, Shield and Slobodrian, Phys. Lett. 15 (1965) 325

1965CO1D Cohen, Kanaris, Margulies and Rosen, Phys. Lett. 14 (1965) 242

1965DA1F Dabbs and Harvey, Bull. Amer. Phys. Soc. 10 (1965) 498

1965DA1G Dangle, Jobst and Bonner, Bull. Amer. Phys. Soc. 10(1965) 422

1965DO1H Donovan, Rev. Mod. Phys. 37 (1965) 501

1965ET1A Etter, Waggoner, Moazed, Holmgren and Han, Rev. Mod. Phys. 37 (1965) 444

1965GI1E Giamati, Volkin and Thaler, Bull. Amer. Phys. Soc.10 (1965) 601

30



1965GR1Q Griffith and Roman, Phys. Lett. 14 (1965) 42

1965GR1U Griffith, Imrie, Lush and Robbins, Bull. Amer. Phys. Soc. 10 (1965) 630

1965HE1A Henley, Richards and Yu, Phys. Lett. 15 (1965) 331

1965HO1D Hoop, Bond and Stuewer, Bull. Amer. Phys. Soc. 10 (1965) 423

1965IM01 W.L. Imhof, L.F. Chase Jr. and D.B. Fossan, Phys. Rev. 139 (1965) B904

1965IS1D Ismatov, Izv. Akad. Nauk 29 (1965) 225

1965JA1D Jackson, Phys. Lett. 14 (1965) 118

1965JO19 C.M. Jones, J.K. Bair, C.H. Johnson, H.B. Willard and M. Reeves III, Rev. Mod. Phys.
37 (1965) 437

1965KA1F Kacser and Aitchison, Rev. Mod. Phys. 37 (1965) 350

1965MA54 J.H.E. Mattauch, W. Thiele and A.H. Wapstra, Nucl.Phys. 67 (1965) 1

1965MC04 P.G. McManigal, R.D. Eandi, S.N. Kaplan and B.J. Moyer, Phys. Rev. 137 (1965)
B620

1965ME1D Meyerhof, Rev. Mod. Phys. 37 (1965) 512

1965NA1D Nagatani, Tombrello and Bromley, Bull. Amer. Phys. Soc. 10 (1965) 423

1965NA1E Nakamura, Nagatani and Bromley, Bull. Amer. Phys.Soc. 10 (1965) 423

1965PA01 P.D. Parker, P.F. Donovan, J.V. Kane and J.F. Mollenauer, Phys. Rev. Lett. 14 (1965)
15

1965RI1A Riou, Rev. Mod. Phys. 37 (1965) 375

1965RO02 G. Roy, S.D. Baker, G.C. Phillips and G.K. Walters,Bull. Amer. Phys. Soc. 10 (1965)
51, DC4

1965RO1Q Roper and Defacio, Bull. Amer. Phys. Soc. 10 (1965)155

1965TA1J Tanifuiji, Phys. Rev. Lett. 15 (1965) 113

1965TO01 T.A. Tombrello and A.D. Bacher, Phys. Lett. 17 (1965) 37

1965TO1E Tombrello, Bacher and Spiger, Bull. Amer. Phys. Soc. 10 (1965) 423

1965TY1A Tyren, Kullander, Sundberg, Ramachandran, Isacsson and Berggren (1965), Un-
known source

1965WA1M Waggoner, Etter, Holmgren and Moazed, Rev. Mod. Phys. 37 (1965) 358

1965WI10 L.E. Williams, Phys. Rev. Lett. 15 (1965) 170

1965YO1D Young, Jayaramna, Etter, Holmgren and Waggoner, Rev. Mod. Phys. 37 (1965) 362

31



32


	

