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IOBe
(Fig. 12)

GENERAL:
Theory: See (956KU1A 1957FR1B 1958FR1G.

1.19Be(37)B Qm = 0.556

The weighted mean end-point energy)is56 + 0.003 MeV (1951L126. The mean half-life
iS (2.7 £ 0.4) x 10°y (1949HU19: log ft = 13.65 (1951FE1A. The spectrum is of the Dxype
(1950WU1A.

2. (a)7Li(t, a)°He Q. = 9.807 E, = 17.246
(b) "Li(t, 2n)*Be Qum = 8.768
(c) "Li(t, n)’Be Qm = 10.435
(d) "Li(t, n)°He + “He Qm = 7.905

The neutron yield (elemental Li) & exhibits two broad resonances, fat = 0.84 and 1.70
MeV. The angular distributions are not isotropi®61CRO0). The cross section for reaction (a)
has been measured féi = 0.6 to 2.3 MeV ¢ = 90° and165°): both the yield of’He(0) and
SHe*(1.71) a-particles show a broad resonancézat~ 1.7 MeV. At E;, = 1.8 MeV, 6 = 90°, the
differential cross section is 2.6 mb/sr fdde(0) and 8 mb/sr fotHe*(1.71) (1957JA37.

At E; = 0.24 MeV the ground state-particles are distributed d%" (6., ) = 1 — (0.66 +
0.06) cos? 8, while those corresponding to the 1.7-MeV statéléé are isotropic within 8%. The
formation of the 1.7-MeV state is 8 times more probable thenformation of the ground state.
These results indicate p-wave formation of the 0.84-Me\wmesce and/ = 2" for the 17.83-
MeV state (952DE1B 1953CH1A 1954AL39. See alséHe and (956MAQ9.

3.7Li(a, p)°Be Qum = —2.566

At E, = 31.5 MeV, proton groups are observed leading to the ground arteeficsted state of
10Be (1956WA29.

4.°Be(n,7)'*Be Qm = 6.812



Table 10.1: Energy levels dfBe

E.inBe (MeV) | J~ I (keV)orr Decay Reactions
0 07 | 7= (27404)x10°y | B~ |1,3,4,9 12,18
3.368 £ 0.009 2" T < 3.0 x 10713 sec ol 3,4,9
5.959 + 0.009 1~ sharp v 9
6.178 +0.009 sharp 9
6.262 + 0.009 2- sharp |9
7.37+£0.01 3+ 25 +4 n [509
7.54+0.01 2 8+3 n 59
9.27 ) ~ 100 n |59
(9.4) (271) broad (n) |5,(8)
17.83 (27) ntal2
18.43 n,tal|2

The thermal capture cross sectionlis+ 1 mb (1958HU1§. In addition to the ground-state
transition, .41+ 0.06-MeV ~v-ray is observed, attributed to a cascade through the 3V d¢e.
The intensity of the cascade transitiomdg).25 photon/capturel(953BA13, 0.27 photon/capture
(1955GR1E. See also1953WI1Q.

5.%Be(n, nyBe E, = 6.812

The total cross section is constantdi4 + 0.03 b from 0.1 eV to 100 keVI958HU19: the
spin dependent scattering<s0.003 b (1952PA1A.

In the regionFE,, = 0 to 18 MeV, three resonances are reported at 0.62, 0.81 aBd/2V. The
parameters of these resonances are exhibited in Takke

Angular distributions have been measured £r= 0.54 to 0.70 MeV by (955WI25. The
patterns are symmetric abo@° in this range, indicating absence of interference betweso-r
nance and potential scattering waves of opposite paritg Ol62-MeV resonance has= 3; a
satisfactory fit to the angular distribution is obtainedhatihe assumption of p-wave formation in
channel spin 2, with s-wave potential scattering all in cterspin 1. It is observed that the as-
sumption of spin-dependent potential scattering is abwae with observation at thermal energies
(see also1956LA1B)). The possibility of d-wave formation is not excluded. Tdress section at
the 0.81-MeV resonance is consistent with= 2 (1955WI25. A comparison of reduced widths
suggests a close correspondence betwdge*(7.37), (7.54) and the twt/B levels at 8.89 MeV
(1956MA55.



Table 10.2: Resonances‘Be(n, nyBe

Ees 10Be* J7 l r o 6? References
(MeV) | (MeV) (keV) (b) (%)

0.62+0.01 | 7.37 3 30 3.7 1.79 | (1951B0O4H
30 11,2 | 25+4 4.35% (1955W125

7.75P (1955HU1B 1958HU19

0.81£0.01| 7.54 >0 >1 <11 ~13% (1951B0O451955HU1B

2 1,2 8+3 5.25" 0.34¢ | (1955WI125 1958HU19
2.73¢ 9.27 () f 100 |~ 4" (1951B0O4Y
(2.85) (9.4) @2H | @) | (= 400) (1951BO4Y

& Cross section above background.

P Includes background.

¢ The large cross section, peak asymmetry and angular distits suggest two resonances, a sharp one at 2.73 MeV and a
much broader one at 2.85 MeV (1951B045 1958F04.

d Assumingl =1, R = 4.3 x 10~ 13 cm.

¢ (1956MA5H, assuming = 1.

f (1958F048.

Differential elastic scattering cross sections have beeasured in the non-resonant regions
from E, = 0.7t0 3.0 MeV (1957FO1B1958F0O4%§and analyzed in terms of phase shift8%7FO1B.
For £, = 1.0 to 2.0 MeV, an appreciable p-wave contribution is obserni&®b8FO4§.

The shape of the 2.73-MeV structure suggests that there otaglly be two levels involved,
atF, = 2.73MeV, I' = 0.1 MeV, and a broad state &, = 2.85 MeV (1951B0O45 see, however,
the similar situation int°B (1959MA20).

The elastic scattering in this region changes from beinglypyegmmetric at 2.4 MeV to being
peaked forward at 2.9 MeV. This evidence also suggests taanences and, together, with the
9Be(n, )%He results of {957ST9% probably identifies the broad 2.9-MeV resonance as formed
by p-wave neutrons withi = 27 for 1°Be*(9.4) (L958FO048§. Polarization measurements =
3.1 MeV indicate interference between a broag,desonance and,; s hard-sphere scattering
(1957MC1B. Other measurements of differential cross sections flgm= 0.06 to 1.80 MeV
are reported byl(956LA1B 1957LA14, from 2.30 to 3.66 MeV by 953ME1A), at 4.1 MeV by
(1955WA27, 7.0 MeV by (L956BE32, and 14.2 MeV by 1957AN52 and (L958NA09. At the
higher energies, the neutrons show strong optical-moétkdtst

The total cross section decreases from 2.14 b at 3.8 MeV tb &f78.7 MeV (955WA27
1956BE98 1957B0O13 1958BR16 1958MA229); see also 1958HU1Y. At E, = 12.7 MeV,
oy = 1.60 b (1953NE0]1 1955TA29 1958BR1§ and att, = 14.1 MeV, o, = 1.55 b (1955TA29,
1.49 +0.02 b (1954C0O18, 1.53 + 0.03 b (1952C04), 1.46 £+ 0.03 b (1957KH1A), 1.51 4 0.02



b (1958BR1§. The cross section then decreases monotonically3®+ 0.03 b at £, = 18.0
MeV (1954C0O1%. Non-elastic cross sections are given h935BE1D 1955BF01 1955MA1G
1955TA29 1955WA27 1956BE32 1956FL1B 1957R0O571958BA03 1958MA22 1958MA54
MC58C). See also(957HU1D), °Be(n, r)’Be*, Be(n, 2n¥Be and’Be(n, «)°He. See also
(1956HEL1D 1956LA1G 1957ST1D 1957ZA1A).

6. (a)’Be(n, 2njBe Qm = —1.666 E, = 6.812
(b) °Be(n, f)’Be*

The cross section for reaction (a) has been measurefl,foe 2.6 to 3.2 MeV. A sharp in-
crease is reported &t, = 2.70 MeV, threshold for process (bjBe(n, i)’Be*(2.4) — n + ®Be;
the resonance df, = 2.73 MeV (see’Be(n, nfBe) does not appeal §57FI52 see, however,
(1956ED1Y). Itis suggested that the (n, 2n) reaction mainly procegalprocess (b) in this en-
ergy region {955FO1B 1957FI53. On the other handLQ58MA22) report evidence from energy
spectra that the direct (n, 2n) process occursifpr= 2.6 to 6 MeV. See’Be. The absolute cross
sectiono(n, 2n) rises linearly from 0.1 b at 2.8 MeV to 0.7 b at 3.25 Md¥{7FI5). The90°
differential cross section at,, = 3.7 MeV is 39 + 8 mb/sr (957HU14 1958WA03, 27 4+ 6
mb/sr (L955FO1B quoted in (957HU14). The cross section for Ra-Be and Po-Be neutrons
is0.37 £ 0.06 b (1956ED1Y. The average cross section by, = 2to 11 MeV is0.20 +0.12 b
(1957VA1). At E,, = 14 MeV, the cross section (8424+0.07 b (1957R0O571957ST1(Q, in agree-
ment with predictions of{956SA1B but not of L953MA1Q). (1958AS63 findso = 0.54 +0.04
b atFE, = 14.1 MeV. See also 1950HO80 1952AG1A 1957DU1B 1958AN32 1958BE1E
1958HO1Q.

7.9Be(n, tyLi Qum = —10.435 E, = 6.812

At E, = 14 MeV, o(n, t) = 18 + 1.5 mb (1958WY67). See also957VA1D.

8. °Be(n,a)’He Qu = —0.628 E, = 6.812

The cross section for production e has been measured far, = 0.7 to 4.4 MeV by
(1957ST9Y, for £, = 1to 6 MeV by (L957VA1D) and forE, = 3.3t0 6.1 MeV by ((955SA1H.
(1957ST9%find only a smooth rise to a broad maximumloft + 7 mb at 3.0 MeV, followed by a
gradual decrease to 70 mb at 4.4 MeV, possibly to be attdhisteompetition by Be(n, 2njBe.
No indication of resonance is found &t = 2.7 MeV. Weak resonances are reportedvat= 3.73
and 4.27 MeV by 1955SA1B. The cross section &, = 14 MeV is 10+ 1 mb (1953BA09. See
also (L947AL1A 1957VA12.



Table 10.3: Levels of’Be from“Be(d, p}°Be

10Be*a (MeV) | 2 (keV) | 1, ¢ | 1, P J" 62 4 (%)
0 1| 1 0+ 5-9
3.368 & 0.009 1] 1 2+ 1
5.959 & 0.009 0 | 0(1) 1=, (27) 15
6.178 % 0.009 (0.5)
6.262 = 0.009 0 | 0(1) (17),2- 8
7.37 ~25 | 1 (2%), 3+ 1214
2 [07,17,27,3,4
7.54 <10 0.34
9.27"

2 (1954JU1C1954JU23.

b (1958CA12 E4 = 14.9 MeV).

¢ (1956GR37 Eq4 = 9.0 MeV).

4 Computed by 1958MES8) from data of (951BO45 1954FU1A 1956GR37
1956MAD55 and others). See alsh9q57FR1B.

9. ?Be(d, p)°’Be Qm = 4.585

Levels reported byl(954JU1C1954JU231956GR371958CA13J are listed in Tabld.0.3 At
E4 = 7 MeV the group corresponding t8Be*(6.18) is only 5% as intense as that corresponding
to °Be*(6.26). The upper limit to the intensity of other groups3% (954JU23 § = 90°,
E,=5.4—74MeV).

Angular distributions of the protons t8Be(0) and!’Be*(3.37) have been studied at many
energies fronfy = 1to 14.9 MeV: seel952AJ381954EB021955AJ611955JU101955JU1B
1956GR371956JU1E 1956VA17, 1956ZE1A 1957C0541957JU1A 1957SM78 1958CA12
1958MI193. Except at the lowest energies, the stripping processaappe dominate. AE; = 9
MeV, the ratio of the maximum differential cross sectionstiod °Be(d, p}°Be(0) and’Be(d,
n)'’B*(1.74) reactions id.64 & 0.25; v2/v} = 2.16 (calculated from stripping theory; predicted
value= 2) (1956CA1D. See alsd'B and (L956GR1D theor.).

The 3.37-MeV level hag = 27, established by the (p;) correlation ¢ > 2), the stripping
pattern (/' < 3T) and the internal pair formation coefficient (E1, M1 or E2Eeg1955AJ61
1958CH1A. Detailed study of the (py) correlation atE; = 2.5 to 3.9 MeV confirms this
assignment and fixes the channel spin mixture (for captufe-ofl neutrons) as 10%, = 1,
90%.J, = 2. This mixture is just that expected in pukeS coupling for a*P, state (957CO53.
Similar results are reported & = 7.7 MeV by (1958PA1Q. The gamma-ray energy 3851 +27
(1953MA1A), 3400 + 30 (1957MC39, 3360 4+ 30 keV (1958ME8). Comparison of the-energy
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at £q = 3.2 MeV with recoils in vacuum and recoils stopped in Ta revealsffiect on the Doppler
shift and sets an upper limit 8f0 x 10~!3 sec on the mean lifetime. A value of 0.41® x 10~'2
sec is expected for a single-particle E2 transitib®59KO1B. It thus appears that shifts of some
20 — 30 keV should be subtracted from the observeenergies.

From the stripping pattern, the 5.96-MeV level is assigdee: 1~ or 2~ (Table10.3. A
gamma ray of energy.984+0.04 (1953MA1A), 6.035+0.04 (1955BE811957MC35, 6.014+0.06
MeV (1958ME8) is assigned to this level, as is another, of enégy + 0.04 MeV (1958ME81
10Be*(5.96 — 3.37)). The fact that the cascade and direct transitions arehtgugmparable in
intensity fixes/ = 1~ (1958MES8).

The 6.26-MeV level { = 1~ or 27) appears to decay only to the 3.37-MeV level: the absence
of the ground state transition indicatés= 2~ (1958ME8). The 7.37-MeV level presents some
difficulty. From stripping result$, = 1, J = 2%, 3* (see, however,1058CA13); from *Be(n,
n), J = 3 andl, = 1, possibly 2. The reduced width appears to be nearly the sarti@tof the
3.37-MeV level and/ = 2% is suggested. Shell-model calculations indicate a vamistidth if
J = 3% (1956GR371957FR1B. The polarization of ground-state protons has been siualye
(1958HI174. See alsol956GE1A 1956 TU1A 1957HALR,.

10.“Be(t, d)°Be Qm = 0.553

Not reported.

11.°Be(q, *He)'"Be Qum = —13.766

Not reported.

12.1°B(n, p)'“Be Qm = 0.227

See (948EG1A 1955JA18.

13.19B(t, *He)'’Be Qum = —0.538

Not reported.

14.1'B(n, d)\’Be Qum = —9.010



Not reported.

15. 1B(p, 2p)“Be Qm = —11.237

See (958MA1B 1958TY49.

16.1'B(d, *He)'"Be Qum = —5.743

Not reported.

17.1B(t, 2)'°Be Qm = 8.576

Not reported.

18.13C(n,a)'"Be Qum = —3.843

See!“C.



IOB
(Fig. 13)

GENERAL:

Theory: See (955FR1F1956KU1A 1957FR1B1957GR1D1957KU58 1958FR1G1958KULG
1959WA16.

1. 5Li(or, v)'°B Qum = 4.459

Five resonances are observed in the ralige= 0.5 to 2.6 MeV, corresponding t§B*(4.76 —
6.06 MeV): see Tabld0.5 No other resonances appearfor < 3.8 MeV (}°B*(6.74)) (1957MEZ27.

The 4.76-MeV state decays mainly ftB*(0.7). The angular distribution of-rays indicates
J = 27, with a ratio E2/M1= 1.8 (1957ME27, E2/M1 = 0.68; J = 3* is possible, but unlikely
(1957WAO07. The strength of the E2 radiation4s0.01 eV, several times the single-particle value
(1957MEZ27. The relative weakness of the M1 transition may reflect ttegligted inhibition of
such transitions fo, = 0, AT = 0 transitions {958M0O17. The weakness of the ground-state
radiation is puzzling 1953WI132. Observation ofy-decay in’Be(d, n}’B suggestd’, ~ T,
(1958MES8).

The 5.11-MeV level was not observed by964J00% who estimatedvI’s < 0.02 eV (I's =
I.I',/T,+T,). According to (957ME27, wI's = 0.1 eV. The angular distribution admits= 2+
and4~ as possible assignments= 3" is possible but unlikely. The earlier suggested assignment
J = 27 appears to be excluded. On the other hahBi58ME8) observe that the angular distribu-
tion can be accounted for biy= 2~ if E1 radiation is strongly inhibited, i.e. if = 0. See’Be(d,
n)!°B and®Be(p,~)'’B.

Angular distributions of gamma radiation from the 5.16-MeVel admit/ = 17 or2*; 1~ and
2~ are possible, but unlikely1l@57ME27. Observation of a-decay in’Be(d, n}’B strongly sup-
ports the suggestion thBt, ~ I', and that the reported width is largely experiment&§8MES).

In this case, the assignménhit= 1 is indicated {954JO091959WA16. See alsoX957KU58§
theor.).

For the 5.92-MeV level,] = 2%, 37 and4* are possible. Only = 4+ gives a satisfactory
account of the angular distribution from the 6.02-MeV levighe ratio E2/M1= 9.0 (1957MEZ27.

2. (a)5Li(«, p)’Be Qm = —2.125 By, = 4.459
(b) SLi(a, d’Be O = —1.565

See (956WA29.
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Table 10.4: Energy levels ¢fB

E,in1°B (MeV) J5 T ' (keV) or 7, Decay Reactions
0 30 stable - 4,10, 13,16, 17,20,21,2
0.7174 4+ 0.001 1%;0 (9.6 £0.6) x 1071° sec vy 4,5,10,11, 15,16, 17,18
19, 23
1.739 £+ 0.005 07; 1 ol 4,5,10,11, 16, 19
2.152 £ 0.005 1*;0 0 5,10, 11, 15, 16, 17, 23
3.583 4+ 0.005 27:0 vy 5,10, 16, 17
4771 4 0.005 (21); 0 <10 o,y |1,10,16
5.105 £ 0.007 (27;0) 1.2 a, 1,10, 16
5.159 +0.007 | (1F,2%; 1) <05 v 1, 10, 16
(5.37 £ 0.04) 10
5.58 £0.04 10
5.92+0.02 | (2%, 3T, 47) 12+3 a 1,10
6.02 £0.01 4+ <1 a, Yy 1,10
6.16 = 0.02 < 20 10
6.40 £ 0.03 < 100 10
6.57 £ 0.02 ~ 30 10
(6.77 + 0.04) 10
6.88 + 0.01 17;0 145 p,v,d,a [5,7,9
(7.01) p,d |9
(7.20) p,da |9
7.47 2+ ~ 80 p 7
7.48 4+ 0.01 2711 80 + 3 p,v,d,a |5,7,(9)
7.56 & 0.01 0+: (1) 35405 P, 5,7
7.78 2~ ~ 360 p, (), d, o | 57,9
(8.07) ~ 350 pd |9
(8.66) ~ 220 p,d |9
8.89 £0.01 2T 1 36 £2 P, v, a2 57,9
8.89 & 0.01 (3+: 1) 84+ 6 p, N 6,7
9.7 (1) ~ 650 p,N,as | 6,9
10.7 (t; 1) ~ 450 p,v,N,as | 56,9

[68)

11



3. (a)"Li(*He, pyBe Qm = 11.200 E, = 17.784
(b) "Li(*He, dBe O = 11.759
(c) "Li(*He, a)SLi O = 13.325

SeefLi, ®Be and’Be.

4."Li(, n)'°B Qm = —2.793
Qo = —2.788 +0.004 (1957BI184 neutron threshold).

Thresholds for production of slow neutrons are observed,at 4.379 4 0.006 MeV (°B(0))
andE, = 5.51 MeV (1°B*(0.71)) (1957BI89. Thresholds af’, = 4.45, 5.64, 6.49 and 7.15
MeV are reported byl(956R0O08: 1°B*(0, 0.76, 1.30, 1.72). AE, = 8.16 MeV, neutron groups
corresponding td°B*(0, 0.72, 1.32, 1.71) are reported. It is noted that theMe3/ level is not
observed in any other reactioh956R0O0§. See also{957NE1B.

5.%Be(p,7)''B Qm = 6.585

Observed resonances are listed in Taldet An earlier reported resonance at 0.49 MeV is
not confirmed {955L0O1A 1956CL69. Cross sections fronv, = 30 to 250 keV are reported by
(1953SA1A see (957JA37).

The E, = 0.33-MeV resonance'{B*(6.89)) has been the object of considerable study. The
proton width indicates s-wave formatioh956WI16; the isotropy of the radiation is consistent
with this assignmentl®55CA25 1956CL69. Of the possibilities/ = 1~ or2—, the latter appears
to be excluded by the strength of the transition't8*(1.74, J = 0*; T = 1) (1956WI18.
The angular correlation in the cascad®*(6.89 — 0.7 — ¢.s.) is consistent withh = 1~
(ED)1T(E2)3T (1957BI75. The strong E1 transition t§B*(1.74) and the large deuteron width
indicateT' = 0 for the 6.89-MeV level. On the other hand, the transition$’&(0.7, 2.1) are
nearly as strong, and would appear to requife-a 1 admixture of the order of 20%. Such a large
admixture might be ascribed to a neighborihg- 1~; 7' = 1 state of the same parentadB¢+ s-
wave proton) (see, howevet,d57BA1)). The strong M1 transition t&'B*(5.11) and the absence
of the E1 transition té’B*(5.16) present some difficultyl@56W116. According to (959ME1Q
however, the observed transition is nott8*(5.11) but rather td’B*(5.16); also this transition is
not strongly resonant in this region. The 6.2, 5.2 and 4.%Neays all show the same resonance,
excluding the possibility that two states may be involvelke §round-state transition shows only a
monotonic rise, attributable partly to direct capture aadlp to the tail of the 993-keV resonance
(1958ED19. The angular correlation of 1.0 and 0.7-MeMays is consistent with = 17 or 2+
for 1°B*(0.7) (1955CA25.

For E, = 380 to 460 keV (thick target), & — 4 % anisotropy is observed in the high energy
radiation £, > 3 MeV). At E,, = 600 keV, (thick target), the cascad®B*(6.9 — 3.58 — 0.7 —

12



Table 10.5: Levels of’B from °Li(«, 7)°B (1957ME27

Ercs EX Flab E’Y a (%) WFS b JT
(keV) (MeV) | (keV) | (MeV) (eV)
500+ 25¢° | 4.759 4.76 84 2%, (37)

4.05 | 92 | 0.05°
1085 | 5.110 21| 5.1 96 | 0.10 | (2%),(47), (2)
4.4 4 | 0.005
11758 | 5.164 | <08'| 516 | 7 | 0.04 1+, 2+
444 | 29 | 0.15
3.01 | 64 | 0.32
2435 | 5920| 20 | 5.9 | 100 2F, 3+, 4+
2605 | 6.022 | <157| 6.0 | 100 A+

& Primary radiation: see Fig. 14.

PTy =T, /(T +T5).

¢ (1953WI32 1954J00%

4 (1957ME27; (1957WAOQ7 finds < 3%.

© (1957WA07.

'S.S. Hanna, private communication: s&8%8MES8).

¢ (1954J009give 1183 £ 5, wl'y ~ 1 eV, J = 2+; T = 1; (1953WI32 give branching
fractions 5: 25: 70.

g.s.) is observed, with an intensity of 0.35 that of th® (— 1.74) cascade. It is suggested that the
intensity of this transition implies a stroAg= 1 admixture in'’B*(3.58) (1957BI75.

The broad resonance at 0.99 MeN, (= 7.48 MeV) is also believed to be formed by s-waves.
The angular distribution of the-radiation suggests dominant s-wave formation with someade
contribution (949DE1A 1953PA22; see, however,1056M0O9(). The resonance is located at
993+ 2 (1953HO1CT = 88+3 keV),989.5+ 1.4 keV (1956HULIB I' = 91 £+ 5 keV). Assuming
J =2,T', =23 eV (1953HO1Q. The strength of the transition to the ground state inés&1,

T =1 (1953WI1B: again, as in the 6.89-MeV level, a considerable contatidnas required,
since’Be(p, dfBe and’Be(p,«)°Li are also resonant. Study of the angular correlation @friml
conversion pairs indicates about equal contributions oAl E3 or M2 transitionslO54DE1D).

It is suggested byl@56MO9() that the observed transitions actually arise from twolkeae 980
keV, (J = 2%) and 993 keV, with { = 27): see’Be(p, pyBe.

The narrow 7.56-MeV levelf, = 1085+2 keV (1953HO1Q, 1083.7+0.7keV,I' = 3.8£0.5
keV (1956HU1B] decays mainly to the 0.7-MeV staté453HO1C I', = 6.0 eV assuming
J = 0). The angular distributions of theserays and the subsequent 0.7-MegYays are isotropic,
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consistent with/ = 0 (1953PA23. From E,, = 1.1 MeV to the neutron threshold at 2.06 MeV,
no further structure is observed except a possible broaal tailing off from 1.15 to 1.55 MeV
(1955KI11B): see’Be(p, dfBe and’Be(p, pyBe.

The excitation curve fof), > 6 MeV shows a pronounced resonance-gt= 2.567 £ 0.003
MeV, and another= 0.5 MeV wide, superimposed on a general riselzat= 4.72+0.01 MeV. At
the 2.6-MeV resonance, the capture radiation appears teedopredominantly to the 0.7-MeV
state (953MA1A). It would appear from the width that this resonance cowasp to the’Be(p,
a7)SLi resonance/ = 2*, and not to théBe(p, nyB resonance/ = 3T, at the same energy (see
(1956MA55).

6. Be(p, nyB Qm = —1.854 FEy, = 6.585

Resonances in the neutron yield occurfat = 2.56, 4.70 and (4.90) MeV 1(952HA1Q
1955MA84 1956MA55 1959GI147 1959MA20); see (957JA37 and Tablel0.6 A broad max-
imum (@ = 90°) nearE,, = 3.5 MeV suggests an additiondlB state at 9.7 MeV with® ~ 0.7
MeV (1956MAS55 1959MA20. Angular distributions are nearly isotropic neay = 2.56 MeV
but show marked structure at higher energiE356MA55. The excitation function for ground-
state neutrons (i does not show the resonance at 4.9 MeV. If this peak repiesentrons leading
to ?B*(2.3), it may arise from the tail of th&,, = 3.5-MeV resonance rather than from a new level.
A continuous distribution of neutrons, observed fgy > 4.5 MeV, is attributed to excitation of
9Be*(2.4) followed by breakup vi&Be*(2.9) (1959MA20.

Table 10.6: ResonancesiBe+ p*

E, Fy Tiab I, | Product* E, | Final r, J* T
(keV) (MeV) (keV) (MeV) | State (eV)
330° 6.88 160 0 | v,a,d,p| (6.9 | g.s. 0d 1-;0
6.2 0.7 1.0
5.2 1.7 2.6
4.7 2.1 0.52
(1.7) | (5.1) (0.61)°
(470)° (7.01) d, p
(680)° (7.20) a,d,p
980+ 10 7.467 90 1 P 2t:
9914+1.4¢8 7477 | 89+38 | 0 v, o, d, p 7.5 g.s. 231 271

6.8 | 0.7 | <17
(5.8) | 1.7 | <04
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Table 10.6: ResonancesiBe+ p* (continued)

E, FEy Tab Ly Product* E, Final r, J*© T
(keV) (MeV) (keV) (MeV) | State (eV)
(5.4) | 21 | <07
1083.7 £ 0.7 7561 | 38+05| 1P 7P 6.9 0.7 6.0 0t; (1) P
5.4 21 | <03
(25) | 51 | ~09°
1330k 7.78 ~ 400" 0 | p( da 27
16501 8.07 ~ 400 p, d
2300¢ 8.66 ~ 250 p, d
2567 + 31 8.895 | 4042 1 P, o, Y 8.1)'| 0.7 2t 1
(aon)
2567 4 3 8895 | 93+7"| (1) p, N (3+;1)2
(3500)" 9.7 ~ 700 P, N, (1)
4600" 10.7 ~ 500 P, N7y, oo (t; 1)
E, I, (keV) | Ty (keV) I, (keV) Iy, (keV)? ', (keV)
(keV) 0, 03 02 02, 02
330" 2| & = 0 0
(470)° 0 0
(680)° 0 0
010" | M | S e 0 0
914148 | L | - 0 0
1083.7 + 0.7 3.80 0 0
1330k | wr | S e 0 0
16509
2300¢
2567 + 3 O[.IOGO]116 <<51>:<3.150T3 % [02ng] O.[S]Oiﬁ
2567 £+ 3 0.013 (0) 0.013
(3500)"
4600"
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a%qy"t0 OLi*(3.58), J = 0F; T = 1.

> Removal of s-wave penetration factor gies, = 307 keV,T' = 160 keV (1955LO1A.

¢ (1956WI1§. (1956M090 finds 48/0.5, 47/0.4, 62/0.05 with a factor of 2 uncertainty

4 (1956CL69. (1955CA23 report relative intensities 15 : 40 : 100 : 45 for the firstifandl"., = 5 eV for the 5.1-MeV
radiation; however, the ground-state transition appeab&tnon-resonanif55L01A 1956CL69 1958ED1§. See also
(1957BI75.

© (1949THO05 1951INEO3

f (1956DE331956M090).

g (1953HO1GHUS55).

h (1956M090).

i (1953HO1G.

1 (1952HA1Q 1956HU1B.

k (1955KI1B 1956M0O9Q 1956 WE37.

1 (1953MA1A 1954MA29.

™ (1956WE3Y: based o', = 7 keV.

" (1956MA55 1959GI147 1959MA20).

° (1959ME1Q find that this transition peoceeds to the 5.16-MeV leved, @mainly non-resonant.

P (1959WA186.

4 (1956WE37: see (958ME8).

' See a similar table inlO58MES).

s Meyerhof and Tannerl@59ME1Q find this transition is resonant and proceeds mainl{’&*(5.16). The large width
suggests E1 or M1 radiation.

The 2.56-MeV resonance is believed to be distinct from tlsemance observed at the same
energy in’Be(p,a~)bLi, because of its greater width (93 keV vs. 38 keV). Estirsatithe reduced
proton and neutron widths agree well with the known paramseatethe 7.37 MeV,J = 37; T =1
state of!’Be. Assignment of/ = 3T to the!’B state accounts for the absenceBE (p, ay)SLi
~-rays at this resonancé456MA55. See alsol957ST1D 1958MA1F, 1958TAO3J.

7.°Be(p, pyBe E, = 6.585

For £, = 0.22 to 0.78 MeV, the elastic scattering is adequately desciilyestwave formation
of a broad level atr, = 330 keV,J =1~ or2™. ForJ = 1-, I',/T" = 0.30 (1956 MO90).

In the rangeE, = 0.8 to 1.6 MeV, attempts to fit the scattering data with s-wavesaaty
moderately successful. That the major contribution at #B@-leV state is s-wave is indicated
by the existence of interference minima at all angles rigar= 1 MeV. Inclusion of d-waves,

J = 27, does not improve the fit. The best account of the behavioh@fctoss section in this
region is obtained with the assumption of two s-wave rescesd = 2—, at F,., = 998 and 1330
keV,I',/I' = 0.65 £ 0.15, I'(998) = 150 £ 50 keV, I'(1330) = 400 £ 100 keV, 95 ~ 0.006 and
0.15, respectively, superposed on a p-wake; 2" resonance at 980 keV (see below). There is
also some hint of a higher s-wavé,= 1-, resonancel®56M09(. (1956DE33 also finds that
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the £, = 998 keV level is formed by s-waves, with = 90 keV, I',/I' = 0.7. The scattering near
1.1 MeV requires a broad p-wave resonance at 1.1 Nle¥,200 keV, I',/I" small (1956DE33.

At the 1084-keV resonance’B*(7.56)), the smallness of the scattering anomaly indisat
J = 0. Absence of interference dt= 90° suggests = 1, henceJ = 0". A satisfactory fit is
obtained with the inclusion of a p-wave!, state in the background. The state appears to be
formed with channel spin 1;,/I" ~ 0.9 and to be located within a few hundred keV below 1084
keV. A fit to the data near 1 MeV gives,.; = 980+ 10 keV,I" = 90 keV, eg ~ 0.07 (1956M090.
A scattering anomaly has also been observeH atz 2.56 MeV. This anomaly increases in the
backward direction indicating p-wave formation of a level8e89 MeV with J > 2, ', large
(1956DE33.

Recent work on differential cross sections has been domeirange?,, = 5.4 to 31.5 MeV by
(1952BR52 1953WRZZ 1956DA03 1956KI54 1956KL55 1956RA33). See also{955GR12
1955HI11B 1958BR24 and’Be.

8. “Be(p, tBe Qum = —12.081 E, = 6.585

See (954CO0%.

9. (a)’Be(p, dyBe Qum = 0.560 Ey, = 6.585
(b) *Be(p,«)SLi Qm = 2.125

Excitation functions and angular distributions have betewied for £, = 0.3 to 1.3 MeV
by (1949THOS 1951NEO3 1956M0O9() and for £, = 0.8 to 3.0 MeV by (956WE37. Ob-
served resonances are listed in Table6 Angular distributions at the 330-keV resonance are
isotropic, consistent with s-wave formatiat®66MO9(). Proton and deuteron reduced widths for
this resonance are evidently quite large, whiledheidth is some 10 times smallet $56MO9Q
1956WI119. For E, > 500 keV, the distributions show strong interference terms,|yimg con-
tributions from states of both paritie951NEO03 1956 WE37. It is noted by (956MO9() that
the states appearing iBe(p, pyBe are not sufficient to account for this interference, andduti-
tional p-wave state nedr,, ~ 700 keV offers a plausible solution; see alsl®68MES8). Above
E, = 1.8 MeV, pronounced pickup is evident in the (p, d) reactid8{6WE3].

A pronounced maximum occurs in the integrated cross sefuidmoth reactions af/, = 930
keV,T' = 130 & 30 keV, presumably due to thé = 2—; T' = 1 resonance seen fBe(p,7)'°B and
Be(p, pyBe atFE, = 991 keV. The reason for the energy shift is not clear. An appt#eid = 0
contamination is required; this may be due to the 1330-ke¥, 2, resonance which appears in
the (p, d), (pp), (p, p) and possibly (py) yields 956 WE3]7.

The 7.56-MeV state is not resonant for (p, or (p, d); this observation is consistent with its
J = 0" character. Broad, weak maxima occur in the total (p, d) csession atz, = 1.25, 1.64
and 2.3 MeV; the)0° (p, «) cross section shows maxima & = 1.25, and~ 2.0 MeV with a
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small anomaly afs, = 2.56 MeV, I' = 40 & 10 keV. TheE,, = 1.25-MeV structure is probably
associated with th&, = 1.33-MeV resonance ifiBe(p, pfBe, while the 2.56-MeV anomaly is
clearly connected with the strong resonance at that energyis’Be(p,a~)SLi (J = 2F; T = 1).
An upper limit to the deuteron width at this resonanc€js= 13.5 keV, #*> = 4.5 x 1073, For
oo particles,0.08 < T', < 4.0keV,2.2 x 107 < 62 < 1.1 x 1072 (1956WE37. For the (p,
ayy) reaction, the resonance occur2di62 & 0.006 MeV, I' = 38 + 3 keV, 62 + 62 = 0.0032
(1954MA1G 1956MA55 T' = 41 £ 2 keV). From the fact that this staté’B*(8.89)) decays
primarily to theJ = 0F; T = 1 state of°Li (3.58 MeV) it is concluded that it ha' = 1
(1954MA1G 1954MA26. The observed cross section requires 2, while the width requires
J <2 ForJ =262 =0.19or 0.33,62 = 0.0016 (1954MA26. This resonance is presumed
to be distinct from théBe(p, nyB resonance which occurs at the same enet@p6MA5H. A
further resonance fdiLi*(3.6) y-rays appears af, = 4.49 MeV, and a broad rise ned,, = 3.5
MeV, observed irfBe(p, nyB, seem also to be found here. It is suggested that theses &iate
T = 1 and correspond t&Be*(9.27) and'’Be*(9.4) (L1959MA20).

10.°Be(d, n}’B Qm = 4.358

Neutron groups are observed correspondintjBostates listed in Tabl&0.7 see (951AJ1A
1952PR1A1953PR1A1955GE1B1955GR1D1957MU1D 1957NE1C1957SH651958GE04
1958NE3$. Thresholds for slow neutron production correspondingBostates from 4.77 to 6.57
MeV are reported byl(954BO79. Indications of a state at 2.8 MeV are reported b9F3DY 1A
1954RE1A 1958GEO04. Angular distributions to the low states have been studiteanany ener-
gies fromEy = 0.5t0 3.4 MeV: see952AJ221952PR1A1953PR1A1955GE1B 1955GR1D
1957NE1C 1957SH6%. The data show evidence both for stripping and compountenador-
mation with more evidence of the former in the higher energykwthe ground state and the first
four excited states have < 3 and even parity, and one or both of the 5.1-MeV levels have 1~
or2~ (1952AJ22. Itis of interest that the 3.6-MeV state shows a well depebbstripping pattern
even at the lowest bombarding energies. Accordind®88SA171959NE1A, however, the char-
acter changes drastically &t = 1.5 to 2 MeV, suggesting some contribution of “heavy particle”
stripping. The group leading to the 0.72-MeV state also shihis effect. See alsd 956MALN
theor.). Absolute reduced widths for several levels havenbestimated byl©58ME8) using
published cross section data: see Tdlile.

The mean lifetime of the 0.72-MeV state(i&+2) x 1071° sec (953TH14, (8.54+2.0) x 10710
sec (L956SEO0® (11.8 + 3.3) x 107 sec (958G0O47 1958KN1B), (9.6 + 1.0) x 10~ sec
(1958DA1Y); compare with!°B(p, p)'°B*. The ~-ray energy is16.6 & 1 keV (1949RA03. The
1.74-MeV state.( = 07; T' = 1) decays via the 0.7-MeV staté., = 1022 + 2 keV (1949RA03.
The ground-state transition+s 10% (1951AL1B). See also{954SH1A.

The 2.1-MeV state decays directly to the ground state andasaades through the 0.72 and
1.74-MeV levelsE, = 2151 £ 16, 1433 &+ 5, 413.5 = 1 keV, the intensities are inratio 1.2 : 2.5 :
1.2 (L949RA03. The relative contribution of the 1400-ke)ray is uncertain since this radiation
also arises from the transitiah58 — 2.1 (1954SH1A. The relative strength of the low energy,
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Table 10.7: Levels of’B from ?Be(d, n}°B #, 1°B(p, p)'°B* " and'’B(d, d)!’B* "

10g=* I JT 02> I, (eV) to final state af; 4
(MeV) (%) 0 07 | 17] 21
0 1 3t ~ 1.7

0.717" 1 1t ~ 3.5 [1074] ¢

1.739 1 0t ~ 2.5 <7%" | 100%

2.152 1 1+ 30%¢ | [40%] | 30%

3.583 1 ot | =07 20%¢ | 60% | O | (20%)
4,771 (1) 2+ | ~0.3 | (0.005) | (0.055)

5.105>¢ | (0) ) | ~1.3 || 0067 | 0.003 < 0.012
5.159%¢ | (1) 2 0.5)| (0.04) | (0.18) (0.39)
(5.37)

5.58
(5.72)

5.93¢ 1) Gt | ~05 | 100%

6.06"¢ 4t 100%

6.16"¢

6.43¢

6.57¢
(6.77)

2 (1952AJ221958ME8).

b Not resolved in neutron groups.

¢ Observed as slow neutron thresholiiS§4BO79.

4 (1958ME8): see also Tabl&0.5(°Li(«, ~)'°B).

¢ (1953TH14 1956SEOR

f(1957MC33.

£ (1949RA02 1954SH1A 1957MC35.

b Energies of first seven excited states are fra®5GBO70 1953BR1A; probable errors are-5 keV
for first five, and+7 keV for the 5.11 and 5.16-MeV states. For more precise véhrethe 0.7-MeV
state, see text under reaction 101i8.
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2.1 — 1.7 MeV, transition is attributed to a strong inhibition of thellMAT" = 0 transition from
10B*(2.1 t0 0.7) (L958MO17 see also1957KU59). For the 3.58-MeV level. the ground state
transition is abou% as intense as that to the 0.7-MeV stat849RA1B see also1957MC35
1958CH1A). The transition(3.58 — 2.1) also occurs 1954SH1A. The angular correlation
(2.86 — 0.7) is consistent with/ = 17 or 2* for the 3.6-MeV level;,J = 0, 3 are excluded. For
J = 27, acceptable schemes are 2 (0.93 M0.07 E2)1(E2)3 or 2(E2)1(E2)31056SH9). A
spin1* assignment would permit a strong M1 transition to the- 07; 7' = 0 state at 1.74 MeV
(1958M0O1173.

The fact that gamma radiation is observed in competitiom widecay from the 4.77 and
5.16-MeV levels suggests thht, ~ I',, for these two states. No radiation is observed from the
5.11, 5.93, or 6.06-MeV levels itBe(d, n}'B (1958ME81 see also 1959NE1A). No gamma
rays of energy 6.5 to 8.0 MeV are observed with intensitys% of the 6.0-MeV,'°Be radia-
tion (L955BE81 F, = 3.85 MeV). The ratio of5.16 — g.s. t05.16 — 0.7 radiation is 1 : 2
(1955BE81 see, however,1057MC39).

At E5 = 9 MeV, the ratio of the maximum differential cross sectionshuf °Be(d, p}'Be
and®Be(d, n)B reactions to the firsT’ = 1 states leads to a ratio of reduced widths of 2.16
(calculated from stripping theory; predicted value fronaige independence: 2)456CA1D).
See also1956BA1F, 1956BO1F 1956B0431956DE1D 1956GO1H 1957GR1A 1958BE03.

11.°Be(He, d)°B Qm = 1.091

At E(*He) = 2.1 MeV, gamma-rays from the 0.72-MeV state have been obseh@&FE1B.
At E(*He) = 5.7 MeV, deuteron groups are observed to the ground statéBofind to levels
at0.724 £+ 0.010, 1.751 + 0.010, and2.163 + 0.010 MeV (S. Hinds and R. Middleton, private
communication). The angular distributions follow quiteszly thel,, = 1 stripping patterns.

12.°Be(q, 1)!°B Qum = —13.228

Not reported.

13.1°Be(3")"°B Qun = 0.556
See'’Be.

14. (2)'°B(y, d)'He + ‘He Qum = —5.930
(b) 1°B(~, a)SLi Qm = —4.459
(c) 1°B(vy, np)*He + “He Qm = —8.157
(d) 1°B(v, p)’Be Qm = —6.585
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In the rangels, = 10 to 30 MeV, reaction (a) proceeds almost entirely througtitedcstates
of ®Be: transitions viga + d)-emitting states ofLi apparently do not occur. Reaction (b) is said
to proceed via the ground state ap@mitting states ofLi at 1.1 and 2.2 MeV1953ER1A (there
is no evidence for a state at 1.1 MeV in any other reaction(5282AJ38 and (L955AJ6)). For
reaction (d) seel@56GO1F1956G0O1G1957BA1H.

15.10B(n, n)1°B*

At £, = 2.56 MeV, a717 + 7 keV ~-ray is observedl(956DA23.

16. IOB(p, Id)loB*

The first seven excited states have been accurately locgtetelastic scattering: see Table
10.7(1953BO701953BR1A. The energy of the first state is givends + 5 keV (1953B0O70),
719+ 1.6 keV (1952CR30and718 + 5 keV (1954DA20 ~-radiation). The mean life of this state
i (10.5+1.0) x 1079 sec (957BL02, (9.0 + 1) x 10~1° sec ((958HO97. This lifetime is about
a factor of 10 shorted than that calculated on the shell modklreasonable values of the radius
and intermediate coupling paramet&®%7BL02 see, howeverlO57FR1B1957KU59; see also
Be(d, n}’B).

At E, > 3 MeV, gamma rays of energgl0 + 15, 1023 £ 5, 1438 £ 5, and2120 + 60 keV
are observedl©57HU79 1957MC35. An upper limit of 7% is found for direct transitions from
10B*(1.74 — g.s.) (L957MC39. At E, > 4.5 MeV, additional radiations a860 + 10 and
3560 + 50 keV (Doppler corrected) are observed, with intensity ratéh Shell model calculations
would predict a ratio of 0.67 to 0.3957MC35 see alsol957KU59).

17.198(d, d)10B*

Deuteron groups corresponding to the ground state andtessaf0.7, 2.1, and 3.6 MeV are
reported by {953BO7(): see Tablel0.7. The absence of deuteron groups corresponding to the
1.74-MeV state is strong evidence of f's= 1 character.

18.1°B(a, o/)''B*

See (956B02).

19.1°C(3+)1°B Qum = 3.78
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The half-life is19.1 + 0.8 sec ((949SH2%; Es+(max) = 2.2 + 0.1 MeV. The g*-decay is
to the first two excited states &fB: relative transition probabilities to the 0.72-, 1.74dgh15-
MeV levels are98.4/1.65 + 2/< 0.1 (1953SH3§: log ft using Ez(max) = 2.04 and 1.02 MeV
(from Q,, above) are 3.2 and 3.7. The gamma decay of the first two exsttds of'’B is
observed:E, = 723 + 15 and1033 + 30 keV (1953SH33. See also{953K01B, (1957FR1B
and (L958GES33.

20. 'B(v, n)\°B Qum = —11.464

See (951SH63.

21.11B(p, d)\°B Qm = —9.237

At E, = 18.9 MeV, the ground state deuteron angular distributions e = 1 (1956RE02.

22. (a)''B(d, 1)'°B Qm = —5.205
(b) 'B(*He, )'°B Qu = 9.114
(c) 12C(n, t)'°B Qum = —18.937
(c) 12C(p,*He)'’B Qm = —19.702

These reactions have not been reported.

23.12C(d,)'B Qm = —1.351
Qo = —1.39 £ 0.02 (1957EL12.

At £, = 8.9 MeV, a-groups have been observed corresponding to the groumda$tdB and
to excited states dt.72 4+ 0.02 and2.14 + 0.02 MeV. No a-group was observed to the = 1,
1.74-MeV state1957EL13. See alsoXl951AS1A and (L953SP1A.

24.13C(p, a)'°B Qm = —4.070

Not reported.
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Table 10.8: Energy levels d¢fC

E.inC (MeV) | J~ I orms Decay| Reactions
0 (01) 19.1+ 0.8 sec gt 11,2
3.34+0.2 2
(5.1 broad or unresolved 2
25. N(v, )!°B Qn = —11.615

See (953MI3J), (1955RA1B and (L956L109.
Arguments supporting thé™ assignments for the first five excited states’® are presented
in reaction 20 in'°B in (1955AJ6). The assignment of the 4.77-MeV state now appears to be

J = 27 (se€’Li(a, 7)'°B).

10C
(Fig. 15)

Mass of 1°C: The mass differenc€C-'°B is given as3.84 4 0.1 MeV from 3-end-point mea-
surementsi953SH38, and as3.57 & 0.2 MeV (1954AJ32 from the°B(p, n)!°C Q-value. The
weighted mean of these two results yields a mass exces$Garf 18.79 £ 0.09 MeV, using the
Wapstra {955WA1A) value for the mass df'B.

1.10C(3+)°B Qum = 3.78

The decay is complex. Seées.

2. 19B(p, n)}’C Qm = —4.56

At £, = 17.2 MeV, neutron groups are observed corresponding to the grstate ), =
—4.35+0.2 MeV), to an excited state at34 + 0.2 MeV, and possibly to wide or unresolved levels
atF, ~ 5.1 MeV (1954AJ32. The slow neutron threshold for the ground stat®’6fhas not been
observed up t&, = 6 MeV in preliminary measurements bY455BA22). The neutron threshold
measurement reported ih955AJ6) has been withdrawn: (T.W. Bonner, private communication)

Two other reactions leading t6C have not been observedB(*He, t}°C (Q,, = —3.80) and
2C(p, 1)°C Q. = —23.50).

23



References
(Closed December 01, 1958)

References are arranged and designated by the year of qtidolidollowed by the first two letters of the first-
mentioned author’s name and then by two additional charadtéost of the references appear in the National Nuclear
Data Center files (Nuclear Science References DatabasépardNNDC key numbers. Otherwise, TUNL key num-
bers were assigned with the last two characters of the form1BA etc. In response to many requests for more
informative citations, we have, when possible, includedouien authors per paper and added the authors’ initials.
1947AL1A Allen, Burcham and Wilkinson, Proc. Roy. Soc. A19247) 114

1948EG1A Eggler, Hughes and Huddleston, Phys. Rev. 74 j119248

1949DE1A Devons and Hine, Proc. Roy. Soc. A199 (1949) 56, 73

1949HU19 D.J. Hughes, C. Eggler and C.M. Huddleston, Phgg. F5 (1949) 515

1949RA02 V. K. Rasmussen, W.F. Hornyak and T. LauritsensPRgv. 76 (1949) 581
1949RA1B Rasmussen, Lauritsen and Lauritsen, Phys. R€L949) 199

1949SH25 R. Sherr, H.R. Muether and M.G. White, Phys. Rey1989) 282

1949THO5 R.G. Thomas, S. Rubin, W.A. Fowler and C.C. Laen$hys. Rev. 75 (1949) 1612

1950HO80 W.F. Hornyak, T. Lauritsen, P. Morrison and W.Awfe, Rev. Mod. Phys. 22 (1950)
291

1950WU1A Wu, Rev. Mod. Phys. 22 (1950) 386

1951AJ1A Ajzenberg, Phys. Rev. 82 (1951) 43

1951AL1B Alburger, Phys. Rev. 83 (1951) 184

1951AS1A Ashmore and Raffle, Proc. Phys. Soc. (London) A851)1754

1951B0O45 C.K. Bockelman, D.W. Miller, R.K. Adair and H.H. Bahall, Phys. Rev. 84 (1951)
69

1951CR0O1 R.W. Crews, Phys. Rev. 82 (1951) 100

1951FE1A A.M. Feingold, Rev. Mod. Phys. 23 (1951) 10

1951L126 C.W. Li, W. Whaling, W.A. Fowler and C.C. LauritséPhys. Rev. 83 (1951) 512
1951INEO3 J.A. Neuendorffer, D.R. Inglis and S.S. HannasPRgv. 82 (1951) 75
1951SH63 R. Sher, J. Halpern and A.K. Mann, Phys. Rev. 841(13&7

1952AG1A Agnew, Los Alamos Rept. 1371 (1952)

1952AJ22 F. Ajzenberg, Phys. Rev. 88 (1952) 298

1952AJ38 F. Ajzenberg and T. Lauritsen, Rev. Mod. Phys. 257) 321

1952BR52 R. Britten, Phys. Rev. 88 (1952) 283

24



1952C041 J.H. Coon, E.R. Graves and H.H. Barschall, Phys.88¢1952) 562
1952CR30 D.S. Craig, D.J. Donahue and K.W. Jones, Phys 88¢1.952) 808
1952DE1B Dewan, Pepper, Allen and Almqvist, Phys. Rev. 82) 416

1952HA10 T.M. Hahn, C.W. Snyder, H.B. Willard, J.K. Bair[E Klema, J.D. Kington and F.P.
Green, Phys. Rev. 85 (1952) 934

1952PA1A Palevsky and Smith, Phys. Rev. 86 (1952) 604A
1952PR1A Pruitt, Hanna and Swartz, Phys. Rev. 87 (1952) 534
1953BA04 M.E. Battat and F.L. Ribe, Phys. Rev. 89 (1953) 80
1953BA18 G.A. Bartholomew and B.B. Kinsey, Can. J. Phys.1®58) 49

1953BO70 C.K.Bockelman, C.P. Browne, W.W. Buechner andp&r&uto, Phys. Rev. 92 (1953)
665

1953BR1A Browne and Bockelman, M.I.T. Prog. Rept. (May,3)95
1953CH1A Christy, Phys. Rev. 89 (1953) 839

1953DY1A Dyer and Bird, Aust. J. Phys. 6 (1953) 45

1953ER1A Erdos, Scherrer and Stoll, Helv. Phys. Acta 261267
1953HO1C Hornyak and Coor, Phys. Rev. 92 (1953) 675
1953K0O1B Kofoed-Hansen, Phys. Rev. 92 (1953) 1075
1953MA1A Mackin, Thesis, CalTech (1953)

1953MA1C Mamasakhlisov, Zh. Eksp. Teor. Fiz. 25 (1953) 36
1953ME1A Meier and Ricamo, Helv. Phys. Acta 26 (1953) 430
1953MI31 C.H. Millar and A.G.W. Cameron, Can. J. Phys. 315Q)9723
1953NEO1 N. Nereson and S. Darden, Phys. Rev. 89 (1953) 775
1953PA22 E.B. Paul and H.E. Gove, Proc. Roy. Soc. Canada9bB)1145A
1953PR1A Pruitt, Hanna and Swartz, Phys. Rev. 92 (1953) 1456
1953SA1A Sawyer and Phillips, Los Alamos Rept.1578 (1953)
1953SH38 R. Sherr and J.B. Gerhart, Phys. Rev. 91 (1953) 909
1953SP1A Sperduto and Fader, M.1.T. Prog. Rept. (May, 1953)
1953TH14 J. Thirion and V.L. Telegdi, Phy. Rev. 92 (1953)325
1953WI1B Wilkinson, Phys. Rev. 90 (1953) 721

1953WI1C Wilkinson, Phil. Mag. 44 (1953) 1019

1953WI132 D.H. Wilkinson and G.A. Jones, Phys. Rev. 91 (19%3)5
1953WRZZ B.T. Wright, Rept. UCRL-2422 (1953)

25



1954AJ32 F. Ajzenberg and W. Franzen, Phys. Rev. 95 (19521 15
1954AL38 E. Almqvist, T.P. Pepper and P. Lorrain, Can. J.SPBf (1954) 621
1954B0O79 T.W. Bonner and C.F. Cook, Phys. Rev. 96 (1954) 122
1954C0O02 B.L. Cohen and T.H. Handley, Phys. Rev. 93 (1954) 51
1954C016 C.F. Cook and T.W. Bonner, Phys. Rev. 94 (1954) 651
1954DA20 R.B. Day and T. Huus, Phys. Rev. 95 (1954) 1003

1954DE1D Devons and Goldring, Proc. Phys. Soc. (London) (A6%4) 413
1954EB02 F.S. Eby, Phys. Rev. 96 (1954) 1355

1954FU1A Fujimoto, Kikuchi and Yoshida, Prog. Teor. Phyk(1954) 264
1954J009 G.A. Jones and D.H. Wilkinson, Phil. Mag. 45 (19838
1954JU1C Jung, Bockelman and Buechner, J. Phys. Rad. 158)(%05
1954JU23 J.J.Jung and C.K. Bockelman, Phys. Rev. 96 (1358 1
1954MA1C Malm and Inglis, Phys. Rev. 95 (1954) 993

1954MA26 R.J. Mackin Jr., Phys. Rev. 94 (1954) 648

1954RE1A Reid, Proc. Phys. Soc. (London) A67 (1954) 466

1954SH1A Shafroth and Hanna, Phys. Rev. 95 (1954) 86

1955AJ61 F. Ajzenberg and T. Lauritsen, Rev. Mod. Phys. 23%177
1955BA22 J.K. Bair, J.D. Kington and H.B. Willard, Phys. R200 (1955) 21.
1955BE1D Beyster, Henkel and Nobles, Phys. Rev. 97 (1955%) 56

1955BE81 R.D. Bent, T.W. Bonner, J.H. McCrary, W.A. Ranked R.F. Sippel, Phys. Rev. 99
(1955) 710

1955BF01 J.R. Beyster, R.L. Henkel, R.A. Nobles and J.Mtd{j$?hys. Rev. 98 (1955) 1216
1955CA25 R.R. Carlson and E.B. Nelson, Phys. Rev. 98 (19550 1

1955FO1B Fowler, Hanna and Owen, Phys. Rev. 98 (1955) 249A

1955FR1F French, Halbert and Pandya, Phys. Rev. 99 (198%) 13

1955GE1B Genin, Compt. Rend. 240 (1955) 2514

1955GR12 G.W. Greenlees, Proc. Phys. Soc. (London) A6&)195

1955GR1D Green, Scanlon and Willmott, Proc. Phys. Soc.dbaipA68 (1955) 386
1955GR1E Groshev, Adyasevich and Demidov, U. N. A/Confl@BP (1955)

1955HI1B Hintz, Phys. Rev. 100 (1955) 1794A

1955HU1B Hughes and Harvey, BNL-325 (1955)

1955JA18 D.B. James, W. Kubelka, S.A. Heiberg and J.B. Watan. J. Phys. 33 (1955) 219

26



1955JU10 M.K. Juric, Phys. Rev. 98 (1955) 85

1955JU1B Juric, Bull. Inst. Nucl. Sci. Boris Kidrich 5 (19566

1955KI1B Kington, Bair, Cohn and Willard, ORNL 1975 (1955)

1955L0O1A Lonsjo, Os and Tangen, Phys. Rev. 98 (1955) 727

1955MA1G MacGregor, Ball and Booth, Phys. Rev. 100 (195%93K/

1955MA84 J.B. Marion, T.W. Bonner and C.F. Cook, Phys. R6@ (11955) 91
1955RA1E D. Raymond, D. Cooper and Dan J. Zaffarano, Phys.98g1955) 1199, X13
1955SA1E Sattar, Morgan and Hudspeth, Phys. Rev. 100 (885

1955TA29 H.L. Taylor, O. Lonsjo and T.W. Bonner, Phys. R&0 {1955) 174
1955WA1A Wapstra, Physica 21 (1955) 367

1955WA27 M. Walt and J.R. Beyster, Phys. Rev. 98 (1955) 677

1955WI125 H.B. Willard, J.K. Bair and J.D. Kington, Phys. R88 (1955) 669
1956BA1F Banta, Gibbons, Good and Neiler, ORNL 2076 (1956)

1956BE98 R.L. Becker and H.H. Barschall, Phys. Rev. 102612384

1956BE32 J.R. Beyster, M. Walt and E.W. Salmi, Phys. Rev.(1056) 1319
1956BO1F Bogdanov, Vlasov, Kalinin, Rybakov and Sidordwdtca 22 (1956) 1150

1956B0O25 T.W. Bonner, A.A. Kraus Jr., J.B. Marion and J.mifEar, Bull. Amer. Phys. Soc. 1
(1956) 94, M6

1956B0O43 G.F. Bogdanov, N.A. Vlasov, S.P. Kalinin, B.V. Rigbv and V.A. Sidorov, Zh. Eksp.
Teor. Fiz. 30 (1956) 981; JETP (Sov. Phys.) 3 (1956) 793

1956CA1D Calvert, Jaffe and Maslin, Phys. Rev. 101 (1958) 50
1956CL69 A.B. Clegg, Phil. Mag. 1 (1956) 1116

1956DA03 |.E. Dayton and G. Schrank, Phys. Rev. 101 (1956813
1956DA23 R.B. Day, Phys. Rev. 102 (1956) 767

1956DE1D De Pangher, HW-47284 (1956)

1956DE33 G. Dearnaley, Phil. Mag. 1 (1956) 821

1956ED15 R.D. Edge, Aust. J. Phys. 9 (1956) 429

1956FL1B Flerov and Talyzin, Sov. J. Nucl. Energy 4 (1956j 61
1956GE1A Gelinas and Hanna, Phys. Rev. 104 (1956) 1681
1956GO1F Goldanskii, Physica 22 (1956) 1143A

1956GO1G Goldanskii, Zh. Eksp. Teor. Fiz. 30 (1956) 969;BESov. Phys.) 3 (1956) 791
1956GO1H Good, Neiler and Gibbons, Bull. Amer. Phys. Sod956) 71

27



1956GR1D Grechukhin, Zh. Eksp. Teor. Fiz. 31 (1956) 895;”FJov. Phys.) 4 (1957) 759
1956GR37 T.S. Green and R. Middleton, Proc. Phys. Soc. (ond69 (1956) 28
1956HE1D Hereford, McCormac, Steuer and Bond, Bull. AmbysPSoc. 1 (1956) 339
1956HU1B Hunt, Petrie, Firth and Trott, Proc. Inst. ElecgEsn 103 (1955) 146

1956JULE Juric, Physica 22 (1956) 1154A

1956KI54 B.B. Kinsey and T. Stone, Phys. Rev. 103 (1956) 975

1956KL55 A.P. Kliucharey, L.I. Bolotin and V.A. Lutsik, ZlEksp. Teor. Fiz. 30 (1956) 573;
JETP (Sov. Phys.) 3 (1956) 463

1956KU1A Kurath, Phys. Rev. 101 (1956) 216

1956LA1B Lane and Monahan, Bull. Amer. Phys. Soc. 1 (1956) 18
1956LA1C Langsdorf, Lane and Monahan, ANL 5567 (1956)

1956LI105 D.L. Livesey, Can. J. Phys. 34 (1956) 216

1956MA09 D. Magnac-Valette, Compt. Rend. 242 (1956) 760

1956MA1N Mamasakhlisov, Zh. Eksp. Teor. Fiz. 31 (1956) 652
1956MA55 J.B. Marion, Phys. Rev. 103 (1956) 713

1956M0O90 F.S. Mozer, Phys. Rev. 104 (1956) 1386

1956RA32 S.W. Rasmussen, Phys. Rev. 103 (1956) 186

1956RE04 J.B. Reynolds and K.G. Standing, Phys. Rev. 1(86)11%58
1956R006 A.B. Robbins, Phys. Rev. 101 (1956) 1373

1956SA1E Sachs, Phys. Rev. 103 (1956) 671

1956SE08 J.C. Severiens and S.S. Hanna, Phys. Rev. 104 (1RE5
1956SH94 S.M. Shafroth and S.S. Hanna, Phys. Rev. 104 (B386)
1956TU1A Tulinov, Zh. Eksp. Teor. Fiz. 31 (1956) 698; JETBYS?hys.) 4 (1957) 596
1956VA17 F.P.G. Valckx, Ph.D. Thesis, Univ. of Utrecht (695

1956WA29 H.J. Watters, Phys. Rev. 103 (1956) 1763

1956WE37 G. Weber, L.W. Davis and J.B. Marion, Phys. Rev.(19%6) 1307
1956WI116 D.H. Wilkinson and A.R. Clegg, Phil. Mag. 1 (19512
1956ZE1A Zeidman and Fowler, Bull. Amer. Phys. Soc. 1 (1559

1957AN52 J.D. Anderson, C.C. Gardner, M.P. Nakada and C.g\Buall. Amer. Phys. Soc. 2
(1957) 233, X6

1957BA1H Barker, Phil. Mag. 2 (1957) 780
1957BA1J Barker, Phil. Mag. 2 (1957) 286

28



1957BI75 G.R. Bishop and J.C. Bizot, J. Phys. Rad. 18 (193%7) 4

1957BI84 H. Bichsel and T.W. Bonner, Phys. Rev. 108 (1952610

1957BL02 S.D. Bloom, C.M. Turner and D.H. Wilkinson, PhygvR105 (1957) 232
1957B0O13 R.O. Bondelid, K.L. Dunning and F.L. Talbott, PHyev. 105 (1957) 193
1957C0O54 S.A. Cox and R.M. Williamson, Phys. Rev. 105 (19589

1957DU1B Dubovsky, Kamaev and Makarov, Sov. J. At. Energlya57) 340
1957EL12 F.A. El Bedewi and I. Hussein, Proc. Phys. Soc. dloo) A70 (1957) 233

1957FE1B Ferguson, Gove, Litherland, Almqgvist and BromBayll. Amer. Phys. Soc. 2 (1957)
51

1957F152 G.J. Fischer, Phys. Rev. 108 (1957) 99

1957FO1B Fowler and Cohn, Bull. Amer. Phys. Soc. 2 (1957)RNL 2430 (1957)
1957FR1B French and Fujii, Phys. Rev. 105 (1957) 652

1957GR1A Grismore and Parkinson, Rev. Sci. Instrum. 28719285

1957GR1D Groshev and Demidov, Sov. J. At. Energy 3 (1957) 853

1957HAL1F Harmon and Curtis, Bull. Amer. Phys. Soc. 2 (1950 3

1957HU14 P. Huber and R. Wagner, Helv. Phys. Acta 30 (1957) 25

1957HU1D Hughes and Schwartz, BNL-325, Suppl. 1 (1957)

1957HU79 S.E. Hunt, R.A. Pope and W.W. Evans, Phys. Rev. 196/) 1012
1957JA37 N.Jarmie, J.D. Seagrave et al., LA-2014 (1957)

1957JU1A Juric, Bull. Inst. Nucl. Sci. Boris Kidrich 7 (196Y

1957KH1A Khaletskii, Dokl. Akad. Nauk SSSR 113 (1957) 306y.Shys., Dokl. 2 (1958) 129
1957KU58 D. Kurath, Phys. Rev. 106 (1957) 975

1957LA14 A. Langsdorf Jr., R.O. Lane and J.E. Monahan, PRgs. 107 (1957) 1077
1957MC1B McCormac, Steuer, Bond and Hereford, Phys. Ré/(1957) 116
1957MC35 J.H. McCrary, T.W. Bonner and W.A. Ranken, Phys. R@8 (1957) 392
1957ME27 L. Meyer-Schutzmeister and S.S. Hanna, Phys.1R81957) 1506
1957MU1D Murray, Bull. Amer. Phys. Soc. 2 (1957) 267

1957NE1B Nemilov and Pisarevskii, Zh. Eksp. Teor. Fiz. 3252) 139; JETP (Sov. Phys.) 5
(1957) 115

1957NE1C Neiler, Gibbons and Good, Bull. Amer. Phys. Sod.957) 286
1957R0O57 L. Rosen and L. Stewart, Phys. Rev. 107 (1957) 824
1957SH65 A.l. Shpetni, Zh. Eksp. Teor. Fiz. 32 (1957) 423BESov. Phys.) 5 (1957) 357

29



1957SM78 R.K. Smither, Phys. Rev. 107 (1957) 196

1957ST1C Stewart and Rosen, Bull. Amer. Phys. Soc. 2 (1957) 3
1957ST1D Stafford, Tornabene and Whitehead, Phys. Re\18Hy) 831
1957ST95 P.H. Stelson and E.C. Campbell, Phys. Rev. 1061252

1957VA12 S.S. Vasilev, V.V. Komarov and A.M. Popova, Zh. gk$eor. Fiz. 33 (1957) 527;
JETP (Sov. Phys.) 6 (1958) 411

1957VA1D Vasil’ev, Komarov and Popova, Sov. J. At. Energyp@. 5 (1957) 69
1957WAOQ07 H. Warhanek, Phil. Mag. 2 (1957) 1085
1957ZA1A Zabel, WASH 192 (1957)

1958AN32 J.D. Anderson, C.C. Gardner, J.W. McClure, M.Kkada and C. Wong, Phys. Rev.
111 (1958) 572

1958AS63 V.J. Ashby, H.C. Catron, L.L. Newkirk and C.J. TayPhys. Rev. 111 (1958) 616
1958BA03 W.P. Ball, M. MacGregor and R. Booth, Phys. Rev. (ld58) 1392

1958BE0O3 R.E. Benenson and M.B. Shurman, Rev. Sci. Inst2@n(i1958) 1

1958BE1E Berlin and Owen, Nucl. Phys. 5 (1958) 669

1958BR16 A. Bratenahl, J.M. Peterson and J.P. Steerings.Rev. 110 (1958) 927
1958BR24 K.W. Brockman Jr., Phys. Rev. 110 (1958) 163

1958CA12 J.R. Cameron, Bull. Amer. Phys. Soc. 3 (1958) 1&/7, K

1958CH1A Chevallier, Thesis, Univ. of Strasbourg (1958)

1958DA11 W.K. Dawson, G.C. Neilson and J.T. Sample, Bull.eknPhys. Soc. 3 (1958) 323,
H12

1958ED16 R.D. Edge and D.S. Gemmell, Proc. Phys. Soc. (Lon&iol (1958) 925
1958F046 J.L. Fowler and H.O. Cohn, Bull. Amer. Phys. Sod.9%8) 305, O4

1958FR1C French, Univ. of Pittsburgh Tech. Rept. 9 (1958)

1958GE04 J. Genin, Compt. Rend. 246 (1958) 1028

1958GE33 J.B. Gerhart, Phys. Rev. 109 (1958) 897

1958G047 S. Gorodetzky and A. Knipper, J. Phys. Rad. 19 (1858

1958HI74 B. Hird, J.A. Cookson and M.S. Bokhari, Proc. PI8@c. (London) A72 (1958) 489
1958HO1C Howerton, UCRL 5226 (1958)

1958H0O97 R.E. Holland, F.J. Lynch and S.S. Hanna, Phys. R&/(1958) 903

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

1958KN1B Knipper, Ph.D. Thesis, Univ. of Strasbourg (1958)

30



1958KU1C Kurath, Proc. Rehovoth Conf. (North-Holland, 85

1958MA1B Th.A.J. Maris, P. Hillman and H. Tyren, Nucl. Phyg1958) 1

1958MA1F Macklin and Gibbons, Bull. Amer. Phys. Soc. 3 (1058

1958MA22 J.B. Marion, J.S. Levin and L. Cranberg, Bull. Anfeénys. Soc. 3 (1958) 165, B5
1958MA54 M.H. MacGregor, W.P. Ball and R. Booth, Phys. Réd {1958) 1155

1958ME81 W.E. Meyerhof and L.F. Chase Jr., Phys. Rev. 113819348

1958M193 P.D. Miller and G.C. Phillips, Phys. Rev. 112 (193843

1958M0O17 G. Morpurgo, Phys. Rev. 110 (1958) 721

1958NA09 M.P. Nakada, J.D. Anderson, C.C. Gardner and Cg\Rinys. Rev. 110 (1958) 1439

1958NE38 G.C. Neilson, W.K. Dawson and J.T. Sample, BulleArPhys. Soc. 3 (1958) 323,
H11

1958PA1C Parkinson and Hough, Univ. of Michigan Cyclot®rgg. Rept. (July, 1958)

1958SA17 J.T. Sample, W.K. Dawson and G.C. Neilson, BulleArPhys. Soc. 3 (1958) 323,
H13

1958TA03 Y.-K. Tai, G.P. Millburn, S.N. Kaplan and B.J. MoyEhys. Rev. 109 (1958) 2086
1958TY49 H. Tyren, P. Hillman and T.A.J. Marris, Nucl. Phyg1958) 10
1958WA05 R. Wagner and P. Huber, Helv. Phys. Acta 31 (1958) 89

1958WY67 M.E. Wyman, E.M. Fryer and M.M. Thorpe, Phys. Ré\2 {1958) 1264
1959GlI47 J.H. Gibbons and R.L. Macklin, Phys. Rev. 114 (1354

1959K0O1B Kohler, Ph.D. Thesis, CalTech (1959)

1959MA20 J.B. Marion and J.S. Levin, Phys. Rev. 115 (1959) 14

1959ME1C Meyerhof and Tanner, (1959)

1959NE1A Neilson, Dawson and Johnson, Rev. Sci. Instruni1859) 963
1959WA16 E.K. Warburton, Phys. Rev. 113 (1959) 595

HU55 Unknown Source

MC58C Unknown Source

31



32



	

