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The energy dependence of the cross section ratio for the reactions Lis (n, a), B10 (n, a), and 
He3 (n,p) are measured at neutron energies E < 30 kev. The correction found for the 1/v law, 
expressed as a constant term of the reaction cross section, is -0.03 ± 0.01 b, -0.40 ± 0.03 b, 
and -1.1 ± 0.2 b for Lis, B10, and He3, respectively. Available data on the Li7 (p,n) reac
tion indicate that the correction of the Be7 cross section is -61 ± 7 b. The results, which are 
in good agreement with theoretical predictions, show that thermal neutrons are captured by 
He3 into a state with o+ spin and parity, and also confirm the hypothesis that thermal-neutron 
capture by B10 and Be7 proceeds through % + and 2- states, respectively. 

INTRODUCTION 

THE detailed investigation of ( n, a ) and ( n, p) 
reactions on light nuclei is important for the the
ory of nuclear reactions, the determination of the 
level schemes of light nuclei, and the technique of 
measuring neutron flux. 

According to the general theory, the cross sec
tions for reactions with neutrons having low energy 
E can be represented by 

a,= const · E-'i, + Ll.a + W E'i, + . . . . 
The first term of this expansion is the familiar 
1/v law, while the following terms represent de
partures from this law. 

It can be shown1 that the negative constant term 
!J.a is determined only by the cross section for 
thermal neutron absorption and by the spin of the 
reaction channel (nuclear state). The term can 
therefore be determined without making assump
tions regarding parameters and resonance inter
ference. Close resonances produce departures 
from the 1/v law that are proportional in first 
approximation to the ratio E/Er ( Er is the reso
nance energy), as a result of which the cross sec
tion contains a term proportional to E1/2• 

At suff".ciently low neutron energies the constant 
term is the principal correction to the 1/v law. 
This term can be measured if it is sufficiently 
large (when the cross section for thermal neutron 
absorption is large) and {3' is sufficiently small 
(in the case of light nuclei, i.e., for low level den
sities ) . These conditions are fulfilled in the ( n, p) 
reaction on He3 and Be7, and in the (n, a) reac-

tion on Lis and B10 • Measurement of !J.a can be 
regarded as a method of determining the spin of 
the channel for these reactions. 

In earlier work2•3 we measured the energy de
pendence of the cross section ratios for Lis (n, a), 
He3 ( n, p), and B10 ( n, a), at neutron energies E 
< 30 kev. In the present work the ratio for Lis 
( n, a) and B10 ( n, a) was measured with consider
ably greater accuracy. The ratio for Lis ( n, a ) 
and He3 ( n, p) was also somewhat improved. 

We used the data on cross section ratios to de
termine the constant terms in the cross sections. 
The available data on Be 7 ( n, p) and Li 7 ( p, n) 
will be used in the same way. 

The data also lead to certain conclusions con
cerning the energy dependence of the individual 
reactions and the resonances responsible for the 
thermal cross sections of these reactions. These 
questions have been discussed in our earlier 
papers2•3 and will be touched on here only in con
nection with new data in the literature. 

The cross section ratios were measured by 
means of a neutron spectrometer based on slowing
down times in lead. Since the technique was not 
explained in references 2 and 3, it will be described 
here. 

EXPERIMENTAL TECHNIQUE 

Measurements are obtained with a slowing-down
time-in-lead neutron spectrometer as follows.* A 
burst of fast neutrons lasting 0.5 JJ.Sec is generated 

*For more details see reference 4. 

895 



896 A. A. BERGMAN and F. L. SHAPIRO 

within a large lead cube weighing "'110 tons at the 
beginning of each 1600-~-Lsec cycle. At the time t 
after the burst neutrons are slowed down to the 
average energy 

E = 186j(t + 0.5)2 kev, (1) 

where t is the slowing-down time in microseconds. 
For large slowing-down times ( t 2: 14 ~-!Sec ) the 

energy spectrum of the slowed neutrons is very 
nearly Gaussian with"' 14% rms spread around the 
mean.2•4 For shorter slowing-down times the neu
tron spectrum is broader; thus for t = 4 ~-!Sec the 
rms spread is "'30% and for t = 2.5 ~-!Sec it is 
"'35%.14 

As a result of leakage from the lead cube and 
capture in lead, neutron density decreases with 
slowing-down time as 

P (t) = const·(t + 0.5)-ae-t;r, (2) 

with a = 0.35 and T = 890 ~-!Sec for the given lead 
cube. 

Several measuring channels in the lead cube at 
different distances from the target contain detec
tors registering reactions induced by slowed-down 
neutrons. For a sufficiently thin -walled detector 
(with respect to neutron absorption) the counting 
rate is 

J (t) = const · ~ n (E, t) vo (E) 1'] (E) dE 

= const · p (t) v (E) o (E) TJ (f) K (E), (3) 

where n ( E, t) dE is the neutron density from E to 
E + dE at slowing-down time t, v is the neutron 
velocity, CJ (E) is the reaction cross section, TJ is 
the registration efficiency of the nuclear reaction 
in the detector. For neutron energies much smaller 
than the reaction energy TJ is practically independ
ent of energy. K is a correcting factor taking into 
account the fact that the mean value VCJ (E) TJ (E) 
is not generally equal to v (E) CJ (E) TJ (E). 

The broader the neutron energy spectrum n ( E, t), 
and the more the cross section departs from the 1/v 
law, the greater the difference between K and unity. 
Calculations show that K (E) is practically unity 
for the investigated reactions when E < 30 kev. 
Therefore the counting-rate ratio of two detectors 
at the same point in the cube is proportional, ex
cept for a small correction, to the ratio of the re
action cross sections for energy equal to the mean 
neutron energy E ( t). By measuring the counting
rate ratio of the two detectors as a function of the 
slowing-down time, we obtain the energy depend
ence of the cross section ratio. 

Detector 

Ion source trigger 

Electric deflector trigger 

FIG. 1. Block diagram of circuit for slowing-down-time-in
lead neutron spectrometer. VA-50 and AVA-100 are 50-channel 
and 100-channel time analyzer; K1 and K2 are single-channel 
time analyzers. 

APPARATUS 

The neutron spectrometer (Fig. 1) was con
trolled by a quartz oscillator with frequency f 
= 2 Me, the sinusoidal oscillations of which were 
transformed into synchronizing time marks and 
trigger pulses. Trigger pulses went to the time 
analyzers (see below), and through the delay lines 
also actuated the pulse circuits of the ion source 
and of the electric cutoff (deflector) for the ion 
beam. 

Detector pulses were fed to the remote pream
plifier and to the broad-band amplifier, discrimi
nator, and time analyzers. The upper transmis
sion limit of the entire amplifying circuit was 5 
Me. 

In the present work we used a 50-channel time 
analyzer VA-50 with 0.5-~-Lsec channels, two single
channel time analyzers, and a 100-channel time 
analyzer AVA-100 with channel widths varying 
from 1 to 80 ~-!Sec. 

The 50-channel analyzer was equipped with a 
phasing circuit which phased shaped pulses in ac
cordance with the synchronizing time markings, 
shifting them to the middle of each channel. This 
resulted in rigidly identical analyzer channel 
widths with no gaps between channels. The 100-
channel analyzer was similarly equipped. The 
dead time determined by the pulse-phasing circuit 
was 2.5 ~-!Sec. In addition, counting losses of the 
analyzer channels were determined from the dead 
time of the electromechanical registers ( Tmech 
= 0.01 sec) that recorded pulses from the indi
vidual channels. 

The single-channel time analyzers, each of 
which fed two parallel scalers with 0.5-~-Lsec re-
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Rel. units 

FIG. 2. a- counting rate (ih relative units) of boron counter 
in channel of lead block vs slowing-down time; b- the same 
dependence for a high threshold of pulse-height discrimination. 
This curve represents the shape of the fast-neutron burst. 
Serial numbers of the analyzer channels (each 0.5 JL sec wide) 
are plotted on the horizontal axis. 

solving time, were adjusted and synchronized with 
respect to the pulse registration interval and the 
time from the start of the cycle to that interval. 

The operating cycle of the spectrometer was 
1600 JJ.Sec ( 625 bursts per sec). This provided 
for sufficiently small density of slowed neutrons 
remaining after each cycle. 

The first two channels of the VA-50 analyzer 
registered only reactions induced by neutrons of 
the preceding cycle. The time stability of the 
spectrometer components was thus monitored 
from the position of the neutron burst (Fig. 2). 
The VA-50 analyzer covered neutron energies 
above 400 ev, while the A V A-100 analyzer covered 
lower energies. 

The measuring interval of the two single-channel 
time analyzers K1 and K2 was 200 JJ.Sec, located 
100 and 1400 JJ.Sec, respectively, from the start of 
the cycle. The high counting rate of K1 repre
sented~ 8-ev neutrons, with very little departure 
from 1/v. Therefore the cross section ratio given 
by K1 provides a good reference point for meas-

ured by two identical proportional counters (Fig. 3) 
with 25-mm cathode diameter and 1.3-mm wire 
diameter,* which were filled with argon at 230 mm, 
C02 at 12 mm, and air at 7 mm Hg. One counter 
contained a 0.22-mg/cm2 layer of natural boron, 
while the other contained a 1.13-mg/cm2 layer of 
Li6F. These homogeneous thin layers were vac
uum deposited on aluminum foils. The principal 
requirement was short pulse delay. 

For the purpose of measuring retardation the 
detectors were inserted into a channel of the lead 
cube close to the target, where there was a large 
flux of 14-Mev primary neutrons. Pulses from 
slow neutrons (i.e., after long slowing-down 
times) were cut off by raising the height-discrimi
nation threshold. The time analyzer then traced 
the shape of the neutron burst (Fig. 2). 

The burst registered by the detectors was com
pared with that registered by a fission ionization 
chamber containing layers of natural uranium. t 
The electrode gap in this chamber was 3 mm, and 
its gas filling was 95% argon and 5% C02, with op
eration at 18/p ~ 7 v/cm-mm Hg. The large pulses 
from the fission chamber permitted us to use the 
initial leading-edge segment for registration. We 
can therefore assume that the registration lag of 
the center of gravity of the neutron burst in the 
fission chamber does not exceed 0.03 JJ.Sec. In all 
instances the detectors were less than 0.07 JJ.Sec 
behind the fission chamber. 

Measurements with different cutoff thresholds 
indicated that there were practically no additional 
time shifts of electronic origin between the com
pared detectors. 

MEASUREMENTS 

If the cross section ratios are to be measured 
with accuracy better than 1%, in addition to obtain
ing sufficient data it is necessary to take all steps 
that will reduce both random and systematic er
rors. Measurements were performed in the follow-

urements. ing order. 
Analyzer Kz was operated at the end of the cycle, 1) Gas multiplication in the compared counters 

where the intensity was about one-ninth of that for was such as to produce equal mean pulses. The 
K1. This permitted convenient monitoring of the detectors were connected alternately to a single 
background, since even a small background in- electronic channel. 
creases appreciably the ratio of K2 to K1 counts. 

The correct functioning of each analyzer and 
its defl.d time were checked regularly both elec
tronically and by means of constant sources. 

DETECTORS 

In the present work the ratio between the cross 
sections for Li6 (n, a) and B10 (n, a) was meas-

*This diameter permitted a higher counter operating voltage 
for the purpose of producing higher electron mobility. The gas 
amplification factor was about 10. 

tThe fission of U238 is induced only by 1-Mev neutrons, 
i.e., by primary neutrons and those undergoing inelastic scat
tering on lead nuclei, which does not introduce any perceptible 
retardation. A small admixture of U235 was insignificant for the 
present measurements. 
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2) The counting rates were such that counting 
losses did not exceed 1.5% and were as close to 
equality as possible in the two counters. 

3) The two counters were used alternately for 
periods of 40 to 60 min during a total measuring 
time of a few days. The detectors were placed 
in exactly the same position in the lead block. 

4) The fission chamber measured systematic
ally the position of the neutron burst in the multi
channel analyzers. 

5) Backgrounds were measured systematically 
by omitting the electric cutoff pulse, i.e., when 
the ion beam did not impinge on the zirconium
tritium target. 

RESULTS 

Figure 2 shows the counting rate of the boron 
detector as a function of slowing-down time, as 
obtained in one of the 10 runs. The slowing-down 
time was measured from the center of gravity of 
the neutron burst, as determined by the fission 
chamber and corrected for lag of the boron detec
tor after the fission chamber. We also used meas
urements in the course of which the neutron bursts 
did not drift in the VA-50 analyzer and the back
ground was very small and stable. Less than 20% 
of the measurements were rejected. 

For each run, after introducing corrections 
for the background and counting loss, the counting
rate ratio of the two detectors was determined 
(Fig. 4). For each time channel the mean ratio for 
the different runs was calculated, with normaliza
tion to the ratio obtained with K1• The rms spread 

Rel. units 

10 :?0 JO 40 

FIG. 4. a- counting-rate ratio of boron and lithium counters 
vs slowing-down time; b- shape of fast-neutron burst measured 
by uranium fission chamber. Serial numbers of the 0.5-IL sec 
analyzer channels are plotted on the horizontal axis. 

FIG. 3. Diagram of counters used to register 
B10 (n, ex) and Li6 (n, ex) reactions. 1- thin steel 
shell; 2- cathode (with interior lining of alumi
num foil bearing deposited layer); 3- 1.3-mm coun
ter wire; a -lead to preamplifier; b- high-voltage 
lead; c- tube to stopcock. 

of the normalized ratios around the mean value was 
close to the statistical spread. 

The mean ratio of the counts from analyzers K2 

and K1, corrected for the background, was smaller 
by 1.85 ± 0.35% for the Li6F layer than for the 
boron counter. This difference was incomparably 
larger than could be expected from departures 
from the 1/v law. The cause of the discrepancy 
lay in different degrees of neutron absorption by 
the layers and by the incompletely identical count
ers. The observed absorption effect was several 
times greater than absorption in a single transit. 
This was confirmed by special measurements with 
interchangeable absorbers, which showed that the 
observed absorption was proportional to the neu
tron slowing-down time. Therefore the correction 
for absorption during short slowing-down times 
(in channels of the VA-50 analyzer) was negli
gibly small. 

After introducing the corrections listed in the 
table, including those for absorption, and using 
Eq. (1) to convert from slowing-down time to en
ergy, the curves in Figs. 5 and 6 were obtained, 
showing the energy dependence of the cross sec
tion ratio for Li6 (n, a) and B10 (n, a) and for 
Li6 (n,a) and He3 (n,p). 

The solid curves in Figs. 5 and 6 are parabo
las plotted by least squares. The parameters of 
these parabolas are discussed below; the errors 
shown include the rms random errors and an es
timate of possible systematic errors. 

The experimental results represented in Figs. 
5 and 6 do not include a correction for the depend-

4 5 
IE;,. kpv ~ 

FIG. 5. Departure of cross section ratio for Li6 (n, ex) and 
B10 (n, ex) from its value in the thermal region vs square root of 
neutron energy. The solid curve represents Eq. (7), plotted 
through the experimental points by least squares. 
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Corrections of the cross section ratios for Li6 (n, a) and 
B10 (n,a), andfor Li6 (n,a) and He3 (n,p)* 

4.98 3.33 I] 01.09 (ana-·~ 5.26 
1 yzer K1) 

2, 73 1
0.09 (ana
lyzer K 1) 

I 
lj 

Correction for -0,15:1:0.10 0 11 

neutrons from 
D-D reaction**,% I 

0 -1.25±0.2 -0.35±0.05 0 

Correction for 0.98..:!:0,251-0.09±0,02 
counting loss, o/o 

0 0,55±0.1 0 0 

0,06 Correction for 0 0 1 0. 08 
background (ex- !1 

0 0 

cept D-D neutron 1 
background),% 

Correction for 0 0 ~~0, 23
0
±0, 04 0 0 

absorption, % -0. !.16 0 -0 .13 0 
Correction for 

neutron disper-
sion, o/o 1! 

none 

0 

Correction for -0. 26 0 11 0 -0. 4±0. 2 0 

~~;::::i~~t.a~'time 0.11±0,35 -0.09±0,02 L31±0,04 -1.2±0,4 -0.35±0.051 

0 

0,06 

*The correction for neutrons of the preceding cycle was negligibly small. 
**Neutrons from the D- D reaction appeared when the ion beam was deflected by 

tile el."ctric _c::_u!_off and struck the wall of the target tube. 

()Ll'fn,ot) • const 
0 He3{n,p) 

~3~---~--~----4----+----+-~~ 

vf; ke •I!! 

4 5 5 

FIG. 6. Cross section ratio for Li6 (n, ()(.) and He3 (n, p) vs 
square root of neutron energy. The curve is normalized to unity 
for En= 0. 0 - first (preliminary) run; •- second run; solid 
curve - parabola (12) plotted by least squares from the second 
run. 

ence of registration efficiency on neutron energy. 
This correction is proportional to neutron energy, 
affecting only one ({3) of the parabola parameters 
and was therefore introduced directly into the 
values of this parameter (see footnote on page 
897 and the footnote under this column. 

DISCUSSION OF RESULTS 

1. As has been shown in reference 1, the cross 
section for a reaction induced by S neutrons (with 
orbital moment l = 0) can be represented by* 

(cr,E'Iz)oE-'Iz 
c; - --_...,.,--'-------

, -t+aE'h+ ~E+r£2 +··· 

= (o,E'1')0 (E-'1'- ct + WE'14 + ... ), (4) 

*Neutron capture with l 2:. 1 contributes to higher terms of 
the expansion, beginning with (3* EY>. 

where 

a= ~~z(A! 1y (o,£'1')0 [x: jg_ + (1- x_)2! (1-gj], 
(5) 

m is the neutron mass, A is the mass number of 
the target nucleus, ( arE112 ) 0 is the value of arE112 

for E - 0 (i.e., practically for thermal neutrons ) , 
g_ = I/ ( 2I + 1) is the statistical weight of the re
action channel with spin J = I- % (I is the target
nucleus spin), and x_ is the relative contribution 
of this state to the cross section for thermal neu
trons. 

Equation (4) is applicable to low neutron ener
gies, when the terms beginning with yE2 are small 
compared with 1 and (3E. The constant term in 
the cross section, which was discussed above, is 
related to a by 

(6) 

The measured cross section ratio for Li6 and B10 

(Fig. 5) is well represented by 

aLi I a 3 = canst [ 1 + ( rt 3 - ctLI) E'lz + ~ LifBE + y LifB£2 I 
(7) 

with the following constant coefficients: 

rt 3 - rtLi = (1.43 :±. 0,20) ·I0-2 kev 

~Li/B = - (0.37 ± 0.09) ·I0-2 kev * 
yLifB = (0. 73 ± 0,27) ·I0-4 kev 

Equation (7) follows directly from (4) when we neg
lect all terms of higher order than E2 as well as 

*After corrections for the variation of registration efficiency 
with neutron energy, we have f3Li/B = -(0.35 ± 0.09). 
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FIG. 7. Dependence of the coefficient a.B on the ratio of 
contributions by states with spin and parity •;,+ and 7/,+. The 
two curves correspond to two values of the thermal cross sec
tion for B10 (n, a.): 1- a = 4000 b; 2- a = 3800 b. The straight 
lines represent experimental values of a.B for the two limits of 
O.Li: 3 - O.Li = 0,80 X 10-2 kev-Y>; 4- O.Li = 0.26 X 10-2 kev-Y,, 
o(a.B- a.Li) is the experimental error of a., 

the E312 term, which must be very small since it 
is absent rigorously from the denominator in (4) 
and because aLi I aB is close to a constant. 

Using the cross sections for thermal neutron 
absorption, s,s we find that for Lis (I= 1 + ), depend
ing on our hypothesis regarding the ratio of the 
contributions from the states with spins % and % 
to the thermal cross section, the variation of a 
is given by 

0.26 ·10-2 <;; aLi <;; 0.80 ·10-2 kev-'1•. (8) 

Combining this result with the measured value of 
aB- aLi, we obtain 

1.69 ± 0.20 <;; a 8 ·102 <;; 2,23 ± 0.20. (9) 

In Fig. 7 these limits are compared with the values 
of aB calculated for different ratios of the contri
butions from the channels with spins% and%. The 
spin and parity of the B10 ground state is 3 +. * 

The experimental results appear to be in agree
ment with each of the two hypotheses: 

a) Neutrons are captured principally into the 
state J = % + with an appreciable number going to 
the state J = % +, or 

b) Neutrons are captured into the state J = % + 
with none or very few going into the state J = % +. 

Recent measurements of the y-ray spectrum 
resulting from thermal-neutron capture in B10, 8 

show that capture proceeds predominantly through 
the spin ~2 channel. The second of the two given 
possibilities is thus realized. 

*The literature gives two values of the thermal cross sec
tion for B10 (n, a.): "'3800 b5 ' 7 and -v4000 b.6 We assume a= 

3900 ± 100 b. 

Capture + + 
level ~,% -- ---J;·-~-----

"l! ~ (.f/2+} 
FIG. 8. Scheme of y-ray transi

tions in B11 (produced by B10 + n 
capture), Transition probabilities 
in radiative capture are shown. 8 

0 

e.gJ 

5.75 
~ 

"" 4,4/)fS 

(liz"} 

!Sft7 
~ ~ 

i ~ r ~ w 
8" 

2. The measurements given in reference 8 
(represented in Fig. 8) make it possible to esti
mate the contribution x_ of the % + state to the 
capture of thermal neutrons by B10, which in turn 
permits the calculation of aB, so that aLi can be 
determined from the experimental values of aB 
-aLi. 

Capture into the state J = % + should lead to E 1 
transitions to the B11 ground state with the emis
sion of 11.43-Mev quanta. The number of these 
transitions from the % + state per capture is, in 
any event, smaller than the total yield of 11.43-
Mev quanta, i.e., 

X_ r., I r < 8 ·10-3a.,!a, 

where a is the total absorption cross section, ay 
is the cross section for radiative capture, and r y 
and r are the partial and total widths of the com
pound nucleus in the state J = % +. 

Similarly, for the transition from the%+ cap
ture state to the 4.46-Mev level of B11 ( Ey' = 6.98 
Mev) we have 

(1- x_) r.,,;r' = r.,. /f' = 0,18 a)a. 

Assuming that this is an electric dipole transition, 
we take ry'/ry = (Ey'/Ey) 3. Assuming, further
more, r = r', we obtain X_ < 1%.* 

Substituting in (5), with a certain amount of 
margin, x_ = 3 ± 3%, we obtain 

a 8 = (2.06 ± 0.14) ·10-2 kev-'h. (10) 

Using the measured value of aB- aLi, we thus 
arrive at 

aLi = (0.63 ± 0.24) ·10-2 kev-'1'. (11) 

Figure 9 shows that the value of aLi agrees 
better with the hypothesis that thermal-neutron 
capture by Lis proceeds predominantly through 
the state J = I- Y2 = Y2• However, the calculation 
is insufficiently accurate to furnish a decisive 
result. 

*If Ey = 6.98 Mev does not represent an E1 transition, the 
estimated value of x_ will be still smaller. 
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0 0.5 

FIG. 9. Dependence of 
the coefficient OI.Li on the 
ratio of contributions from 
the states with spin and 
parity •;.+ and '!,+. The 
straight line 1 is the ex
perimental value of OI.Li• 

o(OI.Li) is the experimental 
error in OI.Li• 

According to (6), (10), and (11) the constant 
terms in the cross sections for boron and lithium 
are 

~(JB" = - 0.40 ± 0,03 b, ~(JLi = - 0,03 ± 0,01 b. 

The B10 (n, a) reaction is known to have two 
branches, with Li7 formed in its ground and ex
cited states, respectively. For thermal neutrons 
the yield ratio of the two branches is 6.2%. 9 The 
value of O!B given above pertains to the energy 
dependence of the total cross section. By meas
uring the energy dependence of the branching ratio 
we could determine a for the branch in which 
ground-state Li7 is produced and determine the 
relative contributions of the % + and 7f2 + channels 
for this branch. 

3. The coefficients {3 and y in (4), which gives 
the energy dependence of the reaction cross sec
tion, are principally determined by the compound
nucleus states excited by S neutrons. 1•2* The co
efficients are large if the levels responsible for 
the thermal cross section are close to the neutron 
binding energy; otherwise they are small. {3 > 0 
and {3 < 0 for levels lying below and above the 
binding energy, respectively. Li 7 has no levels 
close to the binding energy, t so that f3Li and YLi 
must be small. Since in (7) f3Li/B ::::J f3B - f3Li and 
YLi/B ::::J YB - YLi• our measured values of f3Li/B 
and YLi/B are close to f3B and YB• respectively. 
The sign and magnitude of {3 and the magnitude of 
y indicate that the thermal cross section of B10 is 
determined mainly by the level or levels located 
hundreds of kev above the neutron binding energy 
in B11 • This agrees with the hypothesis that the 
11.46-Mev and 11.68-Mev levels of B11 are re
sponsible for the thermal cross section. 11 

4. In earlier work3 we measured the energy de
pendence of the cross section ratio for Li6 (n, a) 
and He3 ( n, p), which is well represented by 

:::;Li /:::;He = const · [ 1 + (a He - aL) E'1' -!- ~Li/He£ I (12) 

with the constants 

*Including the near-threshold state discussed by Baz'. 10 

tThe nearest level excited by S neutrons is 830 kev below 
the neutron binding energy in Le. 8 

aHe- au = (3.54 ± 0.5) 10-2 kev-'1', 

~Li/He = (2.87 ± 1.3) 10-3 kev-1 .* 
Making use of (11), we now obtain 

aHe = (4.17 ± 0.55) ·10-2 kev-'1'. 

~(JHe = - 1.1 ± 0.2 b. 

O!He is close to the largest possible value, (4.65 
± 0.25) x 10-2 kev-112, which is obtained if the He3 

cross section in the thermal region5 is determined 
completely by the 0 + reaction channel. This differs 
markedly from the value (1.65 ± 0.09) x 10-2 kev-112 

corresponding to the 1 + channel, which makes the 
contribution x_ = 6 ± 6%. 

FIG. 10. The plot of (aE'h)-'h = f(E'h) for the Be7 (n, p) 
reaction. o - from measurements of Le (p, n) with a 9.3-mg/cm2 

LiF target; 13 •- the same with a 6.5-mg/cm2 target. o- data 
in reference 9. 

We note that this conclusion, although based on 
measurements of the cross section ratio for Lis 
( n, a) and He3 ( n, p), is not actually associated 
with any hypotheses regarding the energy depend
ence of the cross section for the first of these re
actions. Only the experimental value (11) of aLi 
is used, or, if convenient, the equivalent theoret
ical inequality (8). 

We must therefore reject the argument of Bame 
and Cubitt, 12 who obtained a considerable departure 
from the 1/v law in measurements of the Lis (n, a) 
cross section, which, combined with the value of 
aLi I O"He in reference 3 indicates that the 1/v law 
is valid for He3• The large value of O!He inevi
tably leads to a considerable departure from 1/v 
for the He3 ( n, p) reaction. At the same time, the 
low accuracy (10 -15%) of Bame and Cubitt's 
measurements throws doubt on the reliability of 
their conclusions. In addition, reference 14 con
tains data indicating that the cross section for 
B10 (n, a) obeys the 1/v law within about 5% up 
to E "' 100 kev. Since, according to the present 

*After introducing corrections for the variation of registra
tion efficiency with neutron energy, we obtain 

{hi/He = (3.2 ± 1.4) • 10-• kev-•. 
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work, the cross sections for Li6 (n, a) and B10 

( n, a) vary in an identical manner (within 2%) 
for E ::s 25 kev, it follows that for the first of 
these reactions the departure from 1/v should 
not exceed 7%. A conclusive determination of the 
energy dependence of the Li6 (n, a) cross section 
requires that the measured cross section ratio be 
supplemented by a precision measurement of the 
energy dependence of one of the ( n, a) or ( n, p) 
reactions. We are preparing to obtain these 
measurements. 

5. The Be 7 ( n, p ) reaction should exhibit an es
pecially large departure from 1/v, since Be7 is 
characterized by a very large thermal-neutron 
absorption cross section ar = 51 000 ± 6000 b.* 
The energy dependence of the cross section for 
this reaction can be obtained by measuring the 
cross section for the reverse reaction13 Li7 (p, n) 
and using the reciprocity theorem. An analysis 
of these data in accordance with (4) shows that 
within error limits a and {3 satisfy 

(13) 

Equation (13) is easily confirmed1 under the fol
lowing conditions: a) Ref= 0 or (Re f) 2 « (Im f) 2, 

where f is the logarithmic derivative of the neutron 
wave function on the nuclear surface, b) Im f = const, 
and c) x_ = 0 or x_ = 1, or x_ = g_ = 0.375. In this 
case (4) has the very simple form 

(14) 

Figure 10 shows that the experimental results 13•15 

agree well with (14) when 

a= 0.24 ± 0.01 kev-'1'. (15) 

This corresponds to two possible values of the rela
tive contribution to the thermal cross section by the 
state with J = I= % = 1, which are x_ = 0 ± 0.07 
and 0. 75 ± 0.07. We must reject the second value, 
which would result in a large departure from (14). t 
Thus thermal neutron capture by Be 7 proceeds 
practically entirely through the 2- channel. This 
conclu~ion also follows from an analysis based on 
resonance theory, 13 according to which the cross 
section for Be7 ( n, p) at low neutron energies is 
determined by a very broad 2- level, close to the 
neutron binding energy in Be8• Baz' 10 regards 
this level as a special near-threshold state. 

*This value was obtain~d by averaging Hanna's data15 for 
the total absorption cross section (48 000 ± 9000 b) and for the 
(n, p) cross section (53 000 ± 8000 b). 

twe reject the unlikely possibility that (13) results from an 
accidental coincidence of independent parameters, rather than 
from the fulfillment of conditions a), b), and c). 

The constant term in the cross section of Be7 

is AO"Be = -61 ± 7 b. If neutron capture through 
the state with J = 1- is entirely absent, it follows 
from (15) that the thermal cross section of Be7 is 
51 000 ± 2100 b. 

The authors thank A. N. Volkov and A. M. Kla
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