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Results of an investigation of the radioactive decay of Np237 are presented. More than 20
fine-structure monoenergetic a groups have been established by analyzing the a spectrum
of Np®". Most of the groups have been detected forthe firsttime. On the basis of the exper-
mental data obtained withthe help of a B and y spectrometer it has been possible to detect

twelve v transitions in the Pa%?
constructed on the basis of the data obtained.

1. INTRODUCTION

TH'E radioactive isotope Np?', discovered by
Wahl and Seaborg () in the early Forties, is trans-
formed via a decay into the B-radioactive isotope
Pa®3, The half-life of Np®' is 2.2 x 10° years.
The low specific activity of this isotope has hitherto
made difficult precise research of the fine structure
of the a radiation and of the electron spectrum.
Some information on the radiation produced in the
decay of this nucleus and on the levels of the
daughter nucleus Pa®3 is contained in several
papers.tz-m:l

We undertook a more precise study of the
radioactive decay of Np237, using apparatus of
considerable efficiency and good resolution.

2. APPARATUS AND PREPARATION OF
RADIOACTIVE SOURCES

We used in our research magnetic a and B
spectrometers with double focusing of the charged-
particle beam in an angle 7v'2, and also spectro-
metric proportional counters, a scintillation spec-
trometer, and other devices. The «, B8, and ¥
spectrometers were described in our earlier ar-
ticles.l11718 We shall therefore discuss briefly
only the preparation of the radioactive sources.

The sources for the «, B, and y spectrometric
measurements were prepared on the same day
when the neptunium was thoroughly rid of extran-
eous impurities by triple chemical purification.
The source for the a spectrometer was obtained
by evaporating the 4 ug/cm? of neptunium on a
glass base in vacuum. The source area was 10
%X 100 mm. For B-spectrometer measurements we
used three sources of much greater surface den-
sity; the size of the strongest source was 1 x 4 cm.
It must be noted that the solution used to prepare

nucleus. An energy level scheme for the Pa

28 hucleus is

the sources was also monitored by an ionization
chamber with a grid and by a scintillation y spec-
trometer, to check on the possible presence of
other a- and B-active isotopes. Within the accu-
racy of instruments of this type we could observe
no other a-active impurities.

3. FINE STRUCTURE OF o RADIATION OF Np?¥'

To obtain detailed information on the o struc-
ture of Np237 with the aid of an « spectrograph it
is necessary to use a source of relatively large
effective area and apparatus of high resolution. In
our experiments the effective source area was
1—3 cm? and the minimum apparatus line width
was 4.4 kev. To investigate a relatively wider re-
gion of the spectrum (~500 kev) and to carry out
control experiments, several exposures with total
duration of 300 hours were necessary. The energy
calibration of the instrument was described by us
earlier.") The standard line employed was the
known group of other particles from Np237 with
energy 4787.0 kev.[™

The results of the investigation of the fine
structure of the « radiation from Np?7 are shown
in Fig. 1 and in Table I.

As can be seen from Fig. 1, the @ spectrum of
Np237 is very complicated and contains more than
20 monoenergetic o lines. Some groups of «
particles are exceedingly close in energy, the
spacing not exceeding 2—5 kev in many cases. The
conclusion that several a groups exist is therefore
based on analysis of the shapes and half-widths of
the a lines. Thus, for example, a comparison of
the oy line (see the spectrum in the upper part of
Fig. 1) with the groups o 1,5, @7, Q43,14 etc
clearly indicates that the latter have a complicated
composition. To confirm the data obtained we
made three control experiments, which established
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Table I. Fine Structure of @ spectrum of Np?'
Hin- Hin- |
a; Eq, kev J, % |drance|Ejoy, kev) a; Eq, kev J,% |drance| Ejqy, kev
B coef- coef-
ficient ficient
oo 4872,5 0,441 2200 0 an ?| 4698, | 0,067 920 177
ay? 4869.5 0,925 1000 | ~2—-3 || o4s 4693,4 | 0,178 320 182,0
- 4861,5 0.242 | 3400 | ~10.6 Ois 4663, | 1.605* 20 212.¢
ag 4816, 1,487 270 57,0 g 4658,; | 0.573* 56 217,s
oty 2.3 1,565 210 71,2 O15 v | 4.617%* 5 238.¢
as | 4787 | 51.42 51 86,3 | ai | 4597,6 | 0,063 | 180 | 279,;
o 4769, | 19,38 10 | 104.a 17 93,0 | 0,085 130 283,¢
o7 4764,, | 16,82 10 | 109.g [ 773 .0 | 0.024 360 297.s
ag 4740,3 0.019 | 6400 {~134.s O19 4572,7 | 0.054 140 304,g
op? 47114 0.126 610 | 163.s Olao 13,5 | 0.01 120 |~365
o0 4707 .3 0.293 250 167. 9 o? ~4385 .0 0,02 30 |~496
Ty + Jyo + Jz = 2.178.
**Sum of three lines ax + ay + a, (see Fig. 1).
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the reproducibility of the initial results. The lower
half of Fig. 1 is part of the spectrum, obtained in
one of the control experiments.

In the next experiment we investigated the por-
tion of the « spectrum of Np?7 in the energy
range ~4350— 4750 kev(see Fig. 1), using a wider
and more intense source. The resolution of the «
spectrograph was somewhat worse in this experi-
ment than in the preceding ones. The purpose of
the experiment was to confirm the series of «
lines (ay—oyy ag—aqy) with large statistical

accuracy, and also to detect new ones with inten-
sity ~0.01%.

An analysis of the plotted o spectrum has con-
firmed with great certainty the existence of the
complex groups just mentioned, and also disclosed
some other a lines (see Fig. 1).

It must be noted that the accuracy with which
the energies of most individual components in the
complicated groups were determined did not ex-
ceed 2 kev. It is also obvious that the intensities
of these components (except ag and aq) cannot
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be estimated accurately. Consequently the inten-
sities listed in Table I for these lines are not
exact. This inaccuracy is due primarily to the
arbitrariness entailed in the graphic resolution of
a complex group into individual components.

4. MEASUREMENT OF THE ELECTRON AND
v SPECTRA

The electron and y spectra were investigated
in order to detect new ¥ transitions in Pa?¥ and
to determine the class of multipolarity of some of
the more intense vy transitions. Measurements of
the electron and vy spectra were made directly
after radiochemical elimination from the Npm of the
daughter Pa®®, and therefore the activity of the Pa®3
was small and did not affect the measurement re-
sults.

The B spectrometer used to investigate the
electron spectrum permitted the use of sources
withrelatively large effective areas (Sygx = 4 cm?).
However, the slight specific activity of Np237
(Typ =2.2% 10% years) did not make it possible to
obtain a source of required intensity with small
surface density.

The low activity and the large thickness of the
sources did not allow us to plot the electron spec-
trum with high degree of resolution. The spectra
obtained in three different experiments, however,
were identical and enabled us to separate reliably
the conversion lines characterizing the y transi-
tions in Pa?3, In the analysis of the electron spec-
trum we took into account the measured vy spec-
trum, and also the data on the investigation of the
a radiation of Np237.

Table II summarizes some of the data on the vy
transitions, obtained from the analysis of the elec-
tron and y spectra for Pa?s,

The determination of the multipolarity of most
v transitions in Pa®?® is impossible because of

Table II. Energy (kev) of v

transitions in Pa%¥3

Propor- .
B spec- tional 7y spec- Multi-
trometer | ~qounter trometer polarity
29,6 29,6 30 E1 ;
55.0? - —_ E2?
56.8 5758 57--60 E2
84,5? _
85 } 84—90 Et
105.0 ~104
108.4 | ~108 } 106 -
133,5 —
144 ’ 5 _ 130145 —
? —_ ~160? —_
207 —_ — —_—
240 — ~250 —
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the low intensity and insufficient resolution of the
conversion-electron lines. A comparison of the
data obtained with a proportional counter, a B
spectrometer, and a y spectrometer enabled us to
establish the multipolarity only for the 29 kev
(E1), 57 kev (E2), and 86 kev (E1) vy transitions.
The results obtained do not contradict the data of
Magnusson et al.l7

It is mentioned in the literature (5] that an ano-
malously high internal-conversion coefficient was
obtained for 86-kev y rays. The possible existence
of an 84-kev Y transition can apparently change
this anomaly.

5. ENERGY LEVELS OF Pa23

The most complete among the energy level
schemes listed in the literature [">16-18] for P[az:";:"
18

is found in the book by Mottelson and Nilsson
This scheme is based on the data of an unpublished
paper by Asaro, Perlman, and Stephens devoted to
a study of the a decay of Np®' (see also ['¥), and
the known Nilsson diagrams. Our new data make

it possible to supplement this scheme.

An analysis of the experimental data enables us
to state that the Pa%? nucleus has more than 20
energy levels in a relatively narrow energy inter-
val (0—400 kev). So large a number of levels indi-
cates that this nucleus has several rotational bands
with different values of K (spin projection on the
symmetry axis of the nucleus). Of course, one
cannot exclude the existence of levels belonging to
bands with different K but having the same spins
and parities. An ‘‘interaction of rotational
levels”’ [2"], corresponding to different states of
the nucleus K [N, nz, A], K" [N, nj, '] ete, should
therefore take place in this nucleus. This may
violate O. Bohr’s interval rule for rotational bands
and, in accordance with [21]’ probably causes a
considerable increase (or decrease) in the intensi-
ties of some « transitions.

The data given above were used to construct the
energy level scheme for Pa?3 shown in Fig. 2. On
the left side of this figure is the Nilsson diagram;
the vertical dashed line on the diagram corresponds
to 6 = 0.24, a value customarily used for pa?33 (18]
If we ascribe to the ground state of this nucleus
an orbit 1/2' [530] (see [18'22]), then, in accordance
with this diagram, the final levels %,* [642],

5% 15231, % [5211, and %* [633] should be ob-
served. As indicated by Mottelson and Nilsson [18],
the existence of a ‘“hole’’ level, with characteris-
tics %,* [651] is likewise not excluded, from the
point of view of the Nilsson diagram.

The ground state of Pa®? has a spin %% and



654

FIG. 2. Energy-level scheme of the Pa®*? iy
nucleus; a—Nilsson diagram for odd Z, b-
-experimentally obtained level scheme of Pa?*®, aa)

Levels due to ay, ay, and a, transitions are

not indicated.
st

550

52" e 23

I 2 87

negative parity. (%] The levels with energies 51
and 71 kev 1820 and the ~11-kev level observed

in our experiments apparently belong to the main
rotational band (%,” %, [ 530]) with a spin sequence
%, Y, %", %", etc. It must be noted that al-
though there is no doubt of the existence of the aj,
group, nonetheless the energy of the level (Ejey

~ 11 kev) has not been determined with sufficient
accuracy.

The next levels of this rotational band, with
characteristics %~ and %", can apparently be
the 164- and 177-kev levels, respectively, but
there is no rigorous proof of the correctness of
this statement.

The favored transition o5 actually gives
grounds for assuming 824 that the single-particle
87-kev level can be assigned an orbit %* %, [642],

so long as the ground state of Np®' is %,* %, [ 642].

The members of this rotational bands are appar-
ently the levels at 87 kev (%* %, [642]), 104 kev
("%*), 168 kev (%*), and 249 kev (!%*). However,
the assumption that the last two levels belong to
the indicated rotational band is hardly correct, in
view of the indicated interaction. It is not excluded
that the third member of the rotational band re-
ferred to here is a level with energy 109 kev,

since the intensity of the «; group, which goes to
this level, is high.

As indicated above, the existence of a ‘hole’
level with characteristics 8/2+ [651] is expected
from the point of view of the Nilsson diagram. The
213-kev level apparently confirms this assumption.
It is possible that one of the lines of the complex
groups (45 + @y and oyg + ayq7) determines ac-
cordingly the positions of the next levels (%" and
Y*) of the new rotational band.

Analysis of the complex line group (a,, @, aj)
(see Fig. 1) apparently indicates that there exists

@ ) [w3g) 2+3 it —f
w0 ™
9

still another level with energy 2—3 kev. Naturally,
the lines oy and «@; are not sufficiently well sep-
arated and a certain arbitrariness in the interpre-
tation of the experimental results can therefore
not be excluded. We do not insist that this level
exists. If it does, however, we must ascribe to it
either an orbit %, % [523] or % % [532].

The interpretation we presented for most Pa?
levels is quite arbitary. We cannot pretend that
the proposed level scheme of this nucleus is com-
plete or final.

It is our duty to thank S. N. Belen’kii, K. I.
Merkulova, A. A. Arutyunov, Yu. I. Dmitriev, and
Yu. I. Filenko (a student of the Moscow Engineer-
ing Physics Institute) for help with the measure-
ments, and also to G. I. Khlebnikov for radiochem-
ical elimination of decay products and extraneous

impurities from the Np®'.
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