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New Isotope of Manganese; Cross Sections of the Iron Isotopes
for 14.8-Mev Neutrons*
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Bombardment of iron enriched in Fe'8 with 14.8-Mev neutrons produces an activity having a half-life
of 1.1+0.1 min. On the basis of cross bombardments and the gamma-ray spectrum of the activity, this is
assigned to Mn". In addition, the following cross sections were measured: Fe"(n,p), 23.0+3.5 mb; Fe"(n, p),
71.0&7.0 mb; Fe"(n,p), 128&13mb; Fe"(n,a), 21.5&2.0 mb; Fe'4(n, a), 270&135mb; Fe"(n,np), 6.1&2.6
mb; Fe'4(n, 2n), 7.9+0.8 mb; Fe'4(n, t), 0.6+0.1 mb.

INTRODUCTION

'HE work of Preiss and Fink, ' of this laboratory,
indicates that there is a marked eGect of shell

structure on the probabilities for the occurrence of
14.8-Mev neutron-induced reactions in the region
Z=28. Levkovskii' has reported that the absolute
(rt, p) and (n,n) cross sections of various isotopes of an
element usually decrease by a factor of 2, 4, or 8 with
increasing mass number. This variation is more pro-
nounced in the light elements. The present work was
undertaken as part of a program to study 14.8-Mev
neutron-induced reactions around the closed 28 neutron
shell, and also to examine another region where trends
such as noted by I evkovskii might be encountered.

were counted on a saturation backscattering thickness
of either glass or aluminum and the activity was
corrected for geometry, self-absorption, and self-
scattering as described previously. ' '

The probable error limits placed on the cross-section
values are based on uncertainties in the monitor cross
sections, and uncertainties in resolution of decay curves.

Gamma counting was performed with either a 1&(1—,'
inch or 3X3 inch NaI(T1) scintillation spectrometer
with a multichannel pulse analyzer. Since gamma-ray
spectra were only used as a means of identi6cation,
no e%ciency corrections were applied.

RESULTS

Samples of FesOs enriched to 78.4% in Fe" and
weighing about 4 mg were bombarded by 14.8-Mev
neutrons, and the gross beta decay was followed.
Half-lives of 1.1&0.1 min, 3.5+0.1 min from the
Fess(n, n)Cr" reaction, and 2.56&0.02 hr from the
impurity Fe"(rt,P)Mnss reaction, were observed.

The gamma-ray spectrum showed rapidly decaying
strong gamma rays of energies 0.36, 0.41, 0.52, 0.57,
and 0.82 Mev with weak gamma rays of 1.0, 1.25, 1.4,
1.6, 2.2, and 2.8 Mev energy. These gamma rays were
attributed to the 1.1~0.1 min activity since Cr"
decays without the emission of gamma rays. Rapid
chemical separations showed that the 1.1~0.1 min
activity appeared in the manganese fraction. On the
basis of cross-bombardments utilizing chemical sepa-
rations and the gamma-ray spectrum (which fits the
measured energy level of Fe")' r the activity is assigned
to Mn" from the (n,p) reaction of Fe".

Bombardment of (Fe")sOs (76.7%% Fe") gave rise to
a 1.5~0.1 min activity assigned to Mn'7 from the
Fe"(rt, p) reaction and a 2.55&0.05 hour activity
assigned to Mnse from the Fess(rt, p) and Fee (rt, rtp)
reactions.

Activities observed upon irradiation of enriched

EXPERIMENTAL

Cross sections were measured for 14.8&0.9 Mev
neutrons (10"—10" neutrons/sec) from the T(d, rt}He'
reaction at 0' to the incident deuteron beam of the
University of Arkansas 400-kv Cockcroft-Walton
accelerator. Bombardment periods ranged from 30 sec—
6 hr.

Enriched Fe", Fe'~, and Fe", in the form of the
powder FesOs and natural iron foil (91.6%%uq Fe") were
irradiated. Copper and aluminum foils were used as
monitors utilizing the accurately determined cross
sections for the Cu" (n, 2n)Cu" reaction (556 mb)
determined by Yasumi' and for the AP'(N, rr)Na"
reaction (114mb) determined by Poularikas and Fink. '
Sample thicknesses were 10—55 mg/cm'.

Counting Techniques

Beta counting was performed in a 2x end window,
methane-Row proportional counter having an alumi-
nized Mylar window of 0.9-mg/cm' thickness. Samples
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TABLE I. Summary of absolute neutron cross sections for iron isotopes.

Reaction

Fe'4(n, t)
Fe'4 (n, 2n)
Fes(n, )
Fes4(n, p)Fe"(N, p)

Fesz(n P)Fe"(n,ap)
Fe»(n, p)
Fe»(n, )

Product

ns2m

Fe'3
Crsl
Mns4
Mn"

Mnsz
Mns6
Mnss
Crss

Measured
half-life

21~2 min
8.4&0.4 min
25&5 days

(not measured)
2.56&0.11 hours

1.5~0.1 min
2.56&0.20 hours

1.1~0.1 min
3.5~0.1 min

(14.8 Mev)
Present work

0.6+0.1
7.9&0.8
270a135

128~13

71.0m 7.0
6.1~2.6

23.0a3.5
21.5~2.0

Measured cross sections
(mb)

(14.1—15 Mev)
Other work

14.9,' 16.7 10 ' 2 10.6'
131~25e
460,' 376,' 395~
110 114, 131a15 144+16 190 72,

96.7," 124a12, 105W2, ~ 110,~ 95, 120~
28e

Q-value
(Mev)

—11.5—13.6
+ 0.8
+ 0.2—2.9

1.9—10.5—5 2'
1.5
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(Fe'4)sOs (96.66% Fe'4) were 8.4&0.4 min Fe" from
the (n, 2n), 25&5 day Cr" from the (n,n), and 21&2
min Mn62™ from the (n, t) reactions. The previously
reported 2.1-min activity assigned to Mn™8 was not
observed.

In Table I a summary of the known reaction cross
sections for 14.1—15 Mev neutrons on iron isotopes is
presented, together with the present results.

DISCUSSION

The (n,p) reactions were found to exhibit the trend
observed by Levkovskii s Thus, the (n,P) cross sections
lie in the ratio Fe":Fe" Fe' Fe" '3.6:1.0:0.55:0.18
(Table I).

Because of the large uncertainty in the counting
eKciency for the Cr" x rays in the counter used here,
it is not possible to examine for a Levkovskii trend the
ratio of the (n,cr) cross sections of iron.

The value for the cross section of the Fe'4(n, 2n)

' D. O. Caldwell and H. F. Stoddart, Phys. Rev. Sl, 666 (1951).

reaction (7.9 mb) is much lower than those for other
(n, 2n) reactions in this region; e.g. , for Ni" the (n, 2n)
value is 52&5 mb, for Co', 149&10mb or 630 mb, '
and for Zn", 245+20 mb. ' This may be connected in
part with the fact that Fe" has a closed neutron shell
(X=28).

The large cross section for the (n,np) reaction of
Fe" and the observation of the (n, t) reaction on Fe"
might be explicable on the basis of a nuclear cluster
theory as suggested by Wilkinson" and others. '
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