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Precise thermal neutron capture y-ray cross sections o, for 349K were measured on a natural
potassium target with the guided neutron beam at the Budapest Reactor. The cross sections were
internally standardized using a stoichiometric KCI target with well known **Cl(n,y) ~-ray cross
sections [1, 2]. These data were combined with y-ray intensities from von Egidy et al [3] and Krusche
et al [4, 5] to generate nearly complete capture y-ray level schemes. Total radiative neutron cross
sections were deduced from the total v-ray cross section feeding the ground state, oo = Yo, (GS) after
correction for unobserved statistical y-ray feeding from levels near the neutron capture energy. The
corrections were performed with Monte Carlo simulations of the potassium thermal neutron capture
decay schemes using the computer code DICEBOX where the simulated populations of low-lying
levels are normalized to the measured cross section depopulating those levels. Comparisons of the
simulated and experimental level feeding intensities have led to proposed new spins and parities for
selected levels in the potassium isotopes where direct reactions are not a significant contribution.
We determined the total radiative neutron cross sections oo(*°K)=2.2840.04 b, ¢o(*°K)=90+7
b, and 00(41K):1.62:|:0.03 b from the prompt 7-ray data and the 7-ray transition probability
P, (1524.66)=0.164(4) in the 8~ decay of **K in a low-background counting experiment.

PACS numbers: 23.20.Lv, 24.10.Lx, 24.60.Dr, 25.40.Lw, 25.60.Dz
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intensities of v transitions

I. INTRODUCTION

Precise thermal neutron capture ~-ray cross sec-
tions o, have been measured for all elements with
7Z=1-83, 90, and 92, except for He and Pm, at the
Budapest Reactor [6, 7]. These data were evalu-
ated together with additional information from the
literature to generate the Evaluated Gamma-ray Acti-
vation File (EGAF) [8] and were also published in the
Handbook of Prompt Gamma Activation Analysis — [9].
The EGAF o, data can be used to determine to-
tal radiative thermal neutron capture cross sec-
tions, og, if the level scheme is complete, from
oo = Xo,(GS) = Xo,(CS) for transitions feeding the
ground state (GS) or de-exciting the capture state
(CS). Neutron capture level schemes are generally only
complete for low-Z elements.

For most isotopes substantial, unresolved ~-ray inten-
sity de-excites the high density of levels near the capture
state. This continuum feeding must be accounted for in
order to determine o from the o, data. We have previ-
ously demonstrated for the palladium isotopes [10] that
the continuum feeding can be determined with statistical
model calculations using the Monte Carlo computer code
DICEBOX [11]. DICEBOX generates simulated neutron
capture decay schemes based on nuclear level density and
photon strength function models. The simulated inten-
sities of transitions populating low-lying levels can be
normalized to the experimental cross sections deexciting

those levels in order to determine the unobserved cross
section feeding the ground state. Together with the ob-
served cross section feeding the ground state this gives
0o. The sensitivity of this technique was comparable to
that of other methods for the palladium isotopes, even
when only a small number of «-rays were observed. In
this paper we have applied this technique to the anal-
ysis of oy in the lighter potassium isotopes where, al-
though direct neutron capture may be important for pri-
mary ~-ray transitions, the experimentally observed level
schemes are relatively complete.

II. EXPERIMENT

Neutron capture 7-ray cross sections were measured
with the guided neutron beam at the 10-MW Budapest
Reactor [6]. Neutrons enter the evacuated target holder
and continue to the beam stop at the rear wall of the
guide hall. The target station, where both primary
and secondary +-rays can be measured in low back-
ground conditions, is located 30 m from the reactor. The
thermal-equivalent neutron flux was 2 x 10% n-cm=2.s7!
during this experiment.

Prompt gamma-rays from the target were measured
with an n-type high-purity, 25% efficient, germanium
(HPGe) detector with closed-end coaxial geometry lo-
cated 23.5 cm from the target. The detector is Compton-
suppressed by a BGO-scintillator guard detector annulus



surrounded by 10-cm thick lead shielding. Counting ef-
ficiency was calibrated from 50 keV to 10 MeV with ra-
dioactive sources and (n,y) reaction gamma rays to a pre-
cision of better than 1% from 500 keV to 6 MeV and bet-
ter than 3% at all other energies [12]. The y-ray spectra
were analyzed using the Hypermet PC program [12, 13].

Elemental radiative thermal neutron ~-ray cross sec-
tions were measured on an 0.02 g stoichiometric, high
purity KCI target. Internal calibration of the 770.3-keV
y-ray from 3°K(n,y) was performed using several chlo-
rine v-ray elemental cross sections, as shown in Table I,
assuming the 0,(1951.1)=6.51(2) b [1] and using the rel-
ative emission probabilities of Molnar et al [2]. For the
homogenous target the measured cross section is inde-
pendent of the neutron flux. No target impurities were
observed in the prompt v-ray calibration spectrum. Both
the chlorine and potassium isotopes have a 1/v cross sec-
tion energy dependence so the respective ~-ray intensity
ratios used in these cross section calibrations are inde-
pendent of neutron energy. Although the guided neutron
beam energy used in these measurements is subthermal,
no correction was necessary for shape of the neutron en-
ergy spectrum, and no fast neutrons were present in the
guided neutron beam.

An 0.75 g KHCOg3 powder, suspended in a teflon bag to
reduce background from the target holder, was irradiated
for 43,000 seconds to obtain a higher statistics potassium
spectrum without interference from the chlorine y-rays.
Weak potassium transition cross sections were calibrated
by their relative intensities with respect to the 770.3-keV
~-ray. The y-rays were assigned to level schemes for the
three potassium isotopes 4°K, 'K, and 2K on the basis
of energy and intensity by comparison with data from the
ENSDF [14] file and with the potassium neutron capture
data of von Egidy et al [3] and Krusche et al [4, 5]. Iso-
topic y-ray cross sections were determined assuming the
normal potassium isotopic abundances [15]. The original
von Egidy et al [3] and Krusche et al [4, 5] data were
normalized assuming the total observed intensity feeding
the GS is 100. Weak transitions not observed in our work
but seen in the earlier experiments were renormalized by
a least-squares fit to the Budapest cross section data and
used to complete the (n,y) level schemes.

IIT. SIMULATION OF THE NEUTRON
CAPTURE ~-RAY DECAY SCHEME

The contribution to the cross section of a large number
of transitions feeding the ground state which are too weak
to be observed experimentally can be estimated from sim-
ulations based on statistical model of the ~-ray decay.
Here it is assumed that the microscopic effects of nuclear
structure can be ignored, especially for level energies near
the neutron separation energy.

TABLE I: Calibration of the 770.3-keV ~-ray cross section
from %K(n,y) with 3*Cl(n,y) y-rays from an elemental KCI
standard.

E,(C) Elemental o a,(770.3)°
(keV) (barns) (barns)
517.1 7.80+0.07 1.009+0.016

787 9.09+0.09° 1.020+0.016

1164.9 9.17+0.08 1.023+0.016
1951.1 =6.51-+0.02 1.01240.013
2863.8 1.87140.017 1.01140.021
4979.8 1.26140.013 1.025+0.023
5715.2 1.87140.021 1.02440.021
6110.8 6.7840.08 1.02440.020

Adopted Value? 1.017+0.013

@ From v-ray emission probabilities of Molnar et al [2]
standardized to the cross section at 1951.1 keV [1].

b Isotopic cross section assuming the abundance of *K is
93.2581+0.0044% [15].

¢ Cross section for the 786.3+788.4 keV doublet

@ Weighted average. The uncertainty has been increased to
that of the most precise measurement.

A. Statistical model simulations

Theoretical feedings of low-lying levels by thermal neu-
tron radiative capture were calculated using the com-
puter code DICEBOX [11]. The algorithm of this Monte
Carlo code is based on the generalization of the extreme
statistical model, embodying Bohr’s idea of a compound
nucleus [16]. Below a certain critical energy, Eeit, the
level scheme, i.e. energies, spins and parities of all levels
as well as all de-exciting transitions, is taken from experi-
ment. In addition, intensities of primary transitions feed-
ing levels below E..;; are taken from experiment. This is
important as it strongly eliminates the possible influence
of direct neutron capture capture which does not follow
the rules of the statistical approach. Above E..i, a set
of levels is generated as a random discretization of an
a priori known level density formula p(E,J™). Decay
properties of an initial level i above E..; are completely
characterized by a full set of partial radiation widths to
all final levels f below the level i. A partial radiative
width, I'y, s, which characterizes the probability of v-ray
decay with an energy ., = F; — Ey is assumed to be a
random choice from the Porter-Thomas distribution [17]
with a mean value

f(XL)(E’Yv§) X E3 1

<Fi7f> =

Here, p(E;, JT) is the level density near the initial level ¢
and fXD)(E,,€) is the photon strength function (PSF)
for a transition of given type X and multipolarity L.
Only E1, M1, and E2 transitions were considered. The
argument £ of the PSF represents possible dependence



on quantities other than v-ray energy. In the extreme
statistical model it is assumed that individual I';,f are
independent and uncorrelated. Selection rules for dif-
ferent types of transitions are fully accounted for in the
generation of 'y .

The random generation of a system of all I';, ¢, which
fully describes the decay properties of all nuclear lev-
els above E.., is called a nuclear realization. Due to
the fluctuations involved there exists an infinite num-
ber of nuclear realizations that differ in decay proper-
ties even for a single choice of f(X%) and level density.
Consequently all simulated quantities are subject to sta-
tistical fluctuations arising from different nuclear real-
izations. Determination of these fluctuations with the
DICEBOX code allows us to estimate the uncertainty
coming from statistical nature of decay process. Typ-
ically a calculation consisted of 50 nuclear realizations,
each with 50000 capture state decays, generated by the
Monte Carlo method. DICEBOX stores the simulated
capture state deexcitation data which are used to calcu-
late populations of low-lying levels below FE..;¢ and in-
tensities of all « rays per neutron capture. Simulated
intensities can be renormalized to absolute cross sections
by comparison with the experimental y-ray cross sections
depopulating low-lying levels.

Energy dependence and absolute values of
FXE(E,,€) are not sufficiently known for nuclei
with A < 50. We therefore have used only simple
models for these quantities in our simulations. For E1
transitions we adopted three different models: (i) the
Lorentzian shape of Giant Dipole Electric Resonance
(GDER) [18] in conjunction with the Brink hypoth-
esis [19], also called the Standard Lorentzian (SLO)
model, (ii) the KMF model [20], which modifies the
shape of low-energy tail of GDER, and (iii) the single-
particle (SP) model [21, 22], where f(PY) = const. is
independent of v-ray energy. Parameters of GDER were
obtained from a fit to 3°K(y,n) data [23] for energies
16 MeV < E, < 23 MeV. The shape of GDER from this
fit at energies below about 10 MeV is nearly identical
to shapes for %°Ca and °'V targets whose GDER
parameters can be found in the survey of Dietrich and
Berman [24].

For M1 strength two different models were used: (i)
the SP model where f(MY = const., and (i) a model
where fM1) is described as Lorentzian-shaped Giant
Dipole Magnetic resonance (GDMR) at about 12 MeV
with a width about 4 MeV [25, 26]. The strengths of
FMY were adjusted to match the observed population
of positive and negative parity levels at low excitation
energies. For E2 strength a SP model was used although
this strength has only a minor impact on the decay of
levels at higher excitation energies.

The Back-Shifted Fermi Gas (BSFG) and Constant-
Temperature (CT) models, in the parametrization from
Ref. [27], were used for level density. All possible com-
binations of f(XX) and level density were tested in these
simulations.

B. Direct neutron capture

In most light nuclei the direct-capture mechanism ac-
counts for a significant part of the thermal-neutron cap-
ture cross section [28]. Intensities of primary transi-
tions, especially those to low-lying levels, are expected
to be governed by both statistical considerations and di-
rect neutron capture. According to Mughabghab [29] the
contribution of direct neutron capture cross-section is ex-
pected to be op = 0.75 b out of o¢ ~ 2.3 b for **K(n,y)
and op = 1.32 b out of 0p ~ 1.6 b for *'K(n,7). There is
no estimate of op for °K(n,y) but as op rarely exceeds
several barns its contribution to o &~ 90 b for *°K should
be very small.

If direct capture were important the primary transi-
tions, especially in 2K, could not be treated within sta-
tistical approach using the DICEBOX algorithm. How-
ever, intensities of primary transitions to levels below
FEiy are taken from experiment in these simulations and
are not model dependent. For primary transitions to lev-
els above E..; we can compare DICEBOX simulations
with the experimental distribution of cumulative inten-
sity of primary transitions as a function of v-ray energy.
A comparison of the experimental distribution with the
prediction of simulations based on one model combina-
tion of f(XL) and level density for *2K is shown in Fig. 1.
Each nuclear realization produces a separate curve in the
plot and the curves from different nuclear realizations
form the expected statistical distribution of primary ~-
rays. The envelope of this distribution, obtained from
simulation of 100 different nuclear realizations, is shown
in Fig. 1 together with a region which contains 68% of
all curves.

The experimental data are fully consistent with these
statistical model simulations. Similar figures are ob-
tained using various model combinations for all potas-
sium isotopes. This indicates that a possible contribution
of direct neutron capture can be completely neglected in
simulations of primary transitions to levels above Fg .
Approximately 85-95% of primary transitions were ex-
perimentally observed in the potassium isotopes and the
rest are either observed but unplaced transitions feeding
the GS or weak transitions that are below experimental
detection limits. As shown in Fig. 1 most of these weak
transitions feed levels at high excitation energies above
~ 4 MeV.

C. Corrections to the observed cross section oy

The experimentally observed cross section feeding the
GS must be corrected for unobserved GS transitions in
order to determine og. The relatively low level density
for the potassium isotopes allows the observation of a
significant portion of their decay schemes [3-5] including
the ground-state transitions from levels up to near the
neutron separation energy so this correction is expected
to be small. We compared the intensities of individual
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FIG. 1: (Color online) Cumulative distribution of primary
transitions in **K. Simulated intensities for £, > 6.1 MeV
were taken from experiment. Simulations were made with
SLO model for E1, SP for M1 and BSFG model for level
density. As for simulated values, the lines correspond to min-
imum and maximum value obtained while the gray region
accommodates 68% of all values. The deviation of the exper-
imental value from the simulated one at low ~-ray energies
corresponds to the fact that primary transitions with low en-
ergies are very weak and escape the detection.

transitions simulated by the DICEBOX code with ex-
periment assuming that all transitions with intensities I
higher than the detection threshold I, were observed
and transitions with I < I, were not observed.

We also assumed that the level scheme was essentially
complete up to 4 MeV so only unplaced measured ~-
rays with energies greater than 4 MeV could be possi-
ble ground state transitions. The total intensity of these
transitions was assumed to be an upper limit on this con-
tribution so a correction factor o, (E<4 MeV)/2 with an
uncertainty of 100% was added to the observed value.
These corrections were always small with respect to the
total cross section oyg.

An estimate of the unobserved intensity of transitions
feeding the GS has also be done in another way as de-
scribed in our previous paper [10] where we assumed that
oo can be written as

op = Lo (GS) + Tos™(GS) (2)

where %05 (GS) is the sum of y-ray cross sections pop-
ulating the ground state from experimentally observed
levels below E..t and EUE?‘“(GS) is the simulated sum of
~-ray cross sections populating the ground state from all
levels above Eg¢. As will be shown both estimates give
very consistent results which supports the use of statisti-
cal approach to the simulation of v decay from radiative
neutron capture for the potassium isotopes. The uncer-
tainty in the cross section based on Eq. (2) is usually
much higher than uncertainty deduced from unobserved
transitions, see below.

IV. RESULTS

Detailed measurements of the relative y-ray intensity
depopulating the capture state in “°K were done by von
Egidy et al [3] on a natural potassium target, and by Kr-
usche et al [4, 5] who measured relative y-ray intensities
depopulating the capture states in **?K using enriched
targets. For each isotope nearly 100% of the total ~-
ray cross section feeding the ground state was observed.
These intensity measurements were re-normalized to a
cross section scale by a constant factor N = o/, deter-
mined by a least-squares fit of the Krusche et al inten-
sities I, to the Budapest Reactor cross section o, mea-
surements for -rays common to both experiments. The
Budapest Reactor and re-normalized von Egidy et al and
Krusche et al data were then combined to determine the
experimental cross sections populating/depopulating the
levels.

The correction for unobserved statistical feeding to the
ground state of each isotope was calculated using the
DICEBOX simulations assuming a detection threshold
for « transitions. A detection threshold I, was chosen
based on the minimum experimental intensity observed
in Refs. [3-5]. Energy-independent threshold intensities,
Ity = 0.0005 — 0.001 per neutron capture were tested.
These values are very close to Iy, suggested in [5] and
the experimental data indicate that the energy depen-
dence of this threshold is minimal. These thresholds were
applied to v spectra simulated with all of the combina-
tions of models for level density and f(X%) listed above.
The results did not depend significantly on the combina-
tion of model of f(X%) and level density chosen. Slightly
stronger dependence on the adopted model combination
was obtained if the correction was made using Eq. (2) as
seen in the results for the individual potassium isotopes.

A comparison of experimental and simulated feed-
ing for individual low-lying levels can be visualized by
plotting the experimental depopulation of levels below
FE.it against their simulated populations in population-
depopulation (P-D) diagrams. If the simulation was per-
fect all points in these diagrams would align with the
slope giving the normalization of the simulation from
transition intensity per neutron capture to the experi-
mental cross section. Scatter around the line indicates
the quality and completeness of both the simulation
and the experimental data. Uncertainties in these di-
agrams along the horizontal axis correspond to experi-
mental errors while those along the vertical axis come
from uncertainties due to Porter-Thomas fluctuations
while generating partial radiation widths and level en-
ergies in different nuclear realizations. All P-D plots
shown in this paper were obtained with the model com-
bination SLO(E1)+SP(M1)+BSFG. Plots for all other
model combinations are similar.



A. ¥K(ny)"K

Table II lists 386 y-rays that we have assigned to “°K
combining our measurements with those of von Egidy
et al [3]. The agreement between our data and that of
von Egidy et al is excellent. Only unplaced 7-rays that
were observed in both experiments are listed in Table II.
The 4°K level scheme was constructed by comparison the
work of von Egidy et al and other data compiled in the
ENSDF [14] file. Numerous multiple placements of ~-
rays by von Egidy et al have been resolved in this work
on the basis consistency with the level energies, intensity
balance through the level scheme, and spin/parity con-
siderations. A total of 79 levels and the capture state are
assigned to K.

The low-energy 29.8-keV transition deexciting the first
excited state was not directly observed in either the Bu-
dapest or von Egidy et al measurements and it’s intensity
in Table II is calculated from the observed experimental
cross section populating the level. A least-squares fit to
the Budapest and von Egidy et al [3] data gives a normal-
ization factor of N = 0.0235 + 0.0003 for converting the
~-ray intensities to the cross section scale. The experi-
mental cross sections populating and depopulating levels
in 4°K are shown in Table III where the total cross sec-
tion observed feeding the GS and the first excited state
at 29.8 keV of 4°K is 2.25240.016 b. The total energy
weighted cross section is Y E, x I, = 2.04 +0.03 b for
~-rays placed in the level scheme and 0.13+0.02 b for un-
placed transitions. The K level scheme is well studied
by various reactions up to about 4 MeV and only one
unplaced y-ray with an energy higher than 4 MeV that
could feed the GS was found with a cross section 6 mb.

In our previous paper [10] we showed that when two
possible capture state spins can contribute to thermal
neutron capture the simulated populations of levels with
low and high spins will depend on this contribution. Un-
like the Pd case a very weak dependence is seen on the
contribution of J™=17 and 27 resonances in neutron cap-
ture on the 3°K target. Primary 7-ray transitions pop-
ulate levels with both J™ = 3~ and J™ = 0~ suggesting
that neither spin strongly dominates.

The critical energy, E..iy was set to 2.82 MeV in 4°K.
The total experimental intensity of primary ~y-ray transi-
tions to levels below Fepy is about 41% of the GS feeding.
The remaining 59% of decays is subject to simulations
based on statistical model. The fraction of transitions to
the GS and first excited state that escapes detection is
estimated to be between 0.8 and 2.2% from various com-
binations of models and applied intensity thresholds. As-
suming that less than 50 mb populates the ground state
from subthreshold v-rays and no more than 6 mb pop-
ulates it from unplaced v-rays the adopted cross section
00=2.2840.04 b.

The total experimental cross section feeding the GS
and 29.8-keV state from levels below FEg.; = 2.82 MeV
is 1.836+0.014 b. The simulated continuum feeding of
the 04+29.8-keV states from levels above E. is 224+5%

giving a total cross section of 2.35+0.15 barns. Cross
sections from both adopted approaches are completely
consistent and agree with less precise previous measure-
ments; 3.0 = 1.5 b [30], 1.9 £ 0.2 b [31], and 1.4 b [32].
Mughabghab [29] adopted the cross section 2.1 + 0.2 b
based partly on the EGAF [8] data.

Two 2787-keV levels were placed in ENSDF [14] with
J™=3" and 3~ respectively with similar decay patterns.
We only see y-rays previously assigned to the decay of
the 3T state although the simulation strongly favors a
negative parity assignment which is also consistent with
a strong primary vy-ray transition feeding this level. We
propose that there is only one 2787-keV level with JT=3~
and that the second level reported at that energy may not
exist.

The 2610.00-kev ~-ray placed deexciting the 4253.91-
keV level has been reassigned as a primary transition
deexciting the capture state to the 5189.57-keV level on
the basis of intensity balance and energy. The 4253.91-
keV level was originally assigned as J"=3" [14] on the
basis of L(d,p)=1, unfavored parity in (pol d,«), and the
2610.00-keV ~-ray feeding the 1643.608-keV J™=07 level.
Reassigning the 2610.00-keV transition allows J™=27,3~
for the 4253.91-keV level. The intense 2184.41-keV tran-
sition transition deexciting this level to the 2069.752-keV,
J7=17 level is unlikely to have E2 multipolarity so the
most likely spin assignment for the 4253.91-keV level is
JT=(27).

Eighteen new levels at 3713.20-, 3797.58-, 4850.69-,
4350.70-, 4463.61-, 4543.97-, 4662.30-, 4666.51-, 4807.57-,
4850.35-, 4960.03-, 5024.14-, 5111.1-, 5189.57-, 5213.56-,
5246.86-, 5488.71-, and 6097-27 keV have been assigned
to 9K in this work on the basis of energy sums, the pres-
ence of similar energy levels observed in reaction mea-
surements, and the observation of a primary ~-ray feed-
ing the level.

The P-D diagram for “°K is shown in Fig. 2 where
a good fit is obtained to nearly all levels below Ecrit.
There are only three levels that do not fit the P-D bal-
ance, levels at 2069.81 (37), 2290.489 (37), and 2746.91
(47). All of them are too strongly populated in experi-
ment, compared to the simulation. Too strong (or weak)
depopulation might be due to the misplaced (or missing)
transitions. But we believe that this does not happen in
this well-studied nucleus, at least for strong transitions.

A reasonable agreement between simulated popula-
tion and experimental depopulation of 2069.81 keV level
might be obtained only if J™ = 27 is assumed for this
level, although this would be inconsistent with observed
decay to J™ = 57 level and the experimentally observed
M1(+E2) v-ray to the J™ = 4~ ground state. A de-
tailed inspection of level scheme shows that the main
source of strong feeding to the 2069.81-keV is from the
4253.91-keV level. This level is unusually strongly popu-
lated by a primary « ray transition. The strong intensity
of this primary transition is very likely due to direct neu-
tron capture, consistent with the large observed spectro-
scopic factor in S(d, p) [14] that is typically proportional



TABLE II: 39K(n7’y) thermal neutron capture y-ray energies and cross sections measured in this work are compared with the
I, and E, values from von Egidy et al [3].

This work von Egidy et al [3] This work von Egidy et al [3]
E, (keV) oy (b)® E, (keV) 4 Placement E, (keV) o, (b)* E, (keV) |5 Placement
20.8299(5) 1.938(15)°  29.8299(5) 86.2(69) 300 0.00028(7) 862.2(3)  0.012(3) 89229
106.1(3) 0.00058(4) 2397—2290 870.26(6) 0.0036(3) 869.97(4)  0.143(15) Unplaced
186.02(12) 0.00080(15) 185.97(1)  0.118(19) 2200—2104  891.55(3) 0.0213(7)  891.372(21) 0.90(9) 8920
249.54(16)  0.00029(7) 36643414 903.86(8) 0.0034(3)  903.878(23) 0.150(15) 47443840
311.26(7)  0.00286(23) 311.13(4)  0.133(15) 27302419 0.00040(7)  920.12(18) 0.017(3) 4149-+3229
315.57(10) 0.00176(21) 315.52(8)  0.062(8) 2576—2260 0.00045(9)  926.24(15) 0.019(4) 37132787
0.00021(12) 320.9(6) 0.009(5) 31282808 0.00087(9)  946.29(8)  0.037(4) 47443798
0.00146(19) 327.23(8) 0.062(8) 2397—2070 0.00101(13) 951.16(7)  0.043(5) 4180—3229
330.92(4)  0.0069(3) 330.798(7)  0.33(3) 22901959  958.5(4) 0.0009(3)  958.35(9) 0.026(3) 3028-2070
0.00094(13) 335.44(14)  0.040(6) 38213486  976.80(13) 0.0029(3)  976.85(6)  0.109(12) 51904213
0.00085(14) 337.75(12) 0.036(6) 2757—2419 981.14(19) 0.0025(3) 981.03(7)  0.103(12) 3557—2576
349.42(11) 0.00117(20) 349.33(4)  0.053() 241952070 1023.44(7) 0.0051(3) 1023.21(4) 0.26(3) 35992576
371.87(6)  0.00404(25) 371.792(10)  0.172(18) 31282757 1027.1(4)  0.0012(3)  1027.09(24) 0.036(8) 2986—1959
382.98(20) 0.00095(21) 383.01(18)  0.020(4) 37983414 0.00089(16) 1034.28(20) 0.038(6) 40212986
0.00070(18) 397.28(17)  0.030(7) 31542757 1058.08(17) 0.0024(3)  1058.03(4)  0.112(12) 454453486
453.84(21) 0.00069(18) 454.19(8)  0.038(5) 38693414 1062.5(3) 0.0019(3) 1062.20(8)  0.052(6) 3109—2047
460.22(5)  0.00412(23) 460.092(14)  0.136(15) 24191959 1068.91(6) 0.0089(5) 1068.87(3)  0.40(4)  3028—1959
496.01(16) 0.00115(27) 496.06(4)  0.047(5) 2787—2291 1074.24(15) 0.0029(3)  1074.30(9)  0.144(17) 38212747
522.41(3)  0.0391(8) 522.319(7)  1.53(16) 26262104 1078.6(3) 0.0016(3) 1079.44(13) 0.100(13) 4473—3394
0.00040(7) 528.76(14)  0.017(3) 35573028 1082.74(13) 0.0038(5) 1082.92(7)  0.200(22) 41113028
0.00021(7) 534.3(3) 0.009(3) 402133486 1086.70(4) 0.0250(8)  1086.707(19) 1.11(11) 2730—1644
554.83(8)  0.0034(3)  554.74(23) 0.133(17) 3664—3109 0.00087(22) 1090.9(3) 0.037(9) 3821—2730
563.72(24) 0.0010(3) 563.86(6)  0.073(9) 47444180 0.00099(14) 1100.13(18) 0.042(6) 42543154
570.00(13) 0.0027(3) 569.98(7)  0.062(8) Unplaced  1112.9(3) 0.0013(3) 1113.3(3)  0.020(5) 27571644
0.00080(15) 602.96(7)  0.034(6) 3630—3028 1118.2(7) 0.0009(3) 1118.38(13) 0.054(7) 4104-+2986
613.31(6)  0.0053(3) 613.384(24)  0.203(23) 35992086 1121.63(19) 0.0021(3) 1121.77(7)  0.111(12) 38692747
627.72(8)  0.00250(28) 627.66(3)  0.095(10) 34142787 1124.74(18) 0.0019(3) 1124.91(6)  0.120(13) 41112986
640.42(21) 0.0018(3)  640.4(6) 0.044(22) 38693229 1130.76(25) 0.0014(3) 1131.17(5)  0.103(11) 3888—2757
646.271(25) 0.0508(9)  646.223(5) 2.10(12) 2290—1644 1144.42(22) 0.0016(3)  1144.7(5) 0.08(3)  4744—3599
657.40(16) 0.00137(23) 657.39(3)  0.078(8) 34142757 1150.60(13) 0.0042(5) 1150.58(18) 0.23(4) 31091959
666.69(12) 0.00198(24) 666.91(5)  0.057(6) 26261959 1158.88(24) 0.180(3)  1158.901(20) 7.8(8)  1959-+800
0.00064(13) 678.13(20)  0.027(5) 34862808 1162.21(10) 0.0061(5) 1162.59(24) 0.31(5) 4149-+2986
695.32(23) 0.00125(23) 695.31(8)  0.042(6) 29862291 1178.15(13) 0.0078(9) 1178.38(4) 0.36(4)  2070—891
0.00033(6) 727.1(3) 0.014(3) 42133486  1187.27(16) 0.0025(3) 1187.45(8)  0.062(7) 3146—1959
0.00056(10) 730.48(15) 0.024(4) 3840—3109 1195.70(24) 0.0014(3) 1195.81(7) 0.055(6) 3486—2291
737.51(10) 0.0036(3) 737.45(3)  0.146(15) 3028—2290 1201.95(18) 0.0025(3) 1201.86(5) 0.106(11) 3599—2397
740.95(6)  0.0064(3) 740.89(6)  0.26(3) 4180—3439 0.00108(14) 1204.36(10) 0.046(6) 43153146
0.0019(9)  756.4(6) 0.08(4) 315452397 1212.94(25) 0.0011(3)  1213.53(8)  0.047(5) 40212807
0.0028(10)  760.6(4) 0.12(4) 28082047 1221.64(24) 0.0017(3)  1221.71(7)  0.067(7) 37982576
770.325(23) 1.017(14)  770.3053(18) 42.9(39)  800—30  1226.13(25) 0.0016(3) 1226.31(5) 0.071(8) Unplaced
791.16(4)  0.0117(5) 791.06(4)  0.50(5)  Unplaced  1232.59(11) 0.0034(3) 1232.74(3)  0.134(14) 3630—2397
0.00146(15) 798.8(3) 0.062(7) 42133414 1247.20(3) 0.0883(15) 1247.173(24) 3.8(4)  2047-800
799.84(13) 0.0029(3)  800.3(3) 0.063(7)  800—0  1255.29(14) 0.0024(3) 1255.29(9)  0.107(12) 5024—3769
0.00054(9) 811.39(13)  0.023(4) 37982086 1262.1(3)  0.0016(3) 38882626
812.88(17) 0.0013(3)  813.12(7) 0.046(6) 4993—4180 0.0025(5)  1267.5(3) 0.105(21) 4396—3128
827.58(4) 0.0109(5) 827.552(15) 0.45(5) 27871959 1260.68(6) 0.0081(5) 1269.56(5) 0.47(5)  2070—800
838.31(20) 0.00107(23) 838.8(5) 0.066(17) 31282290 1282.8(4) 0.0009(3) 1283.3(3)  0.051(16) Unplaced
843.50(4)  0.0222(6) 843.478(16) 1.57(16) 1644—800  1303.42(3) 0.0619(14) 1303.53(7) 2.7(3) 2104—800
848.59(10) 0.00218(25) 848.7(3) 0.104(19) 2808—1959  1308.96(25) 0.0018(3)  1308.9(4) 0.043(17) 3599—2290




TABLE II: continued

This work von Egidy et al [3] This work von Egidy et al [3]

4 (keV) oy (b)? 4 (keV) 1 Placement 4 (keV) oy (b)? + (keV) 4 Placement
1320.81(9) 0.0074(6) 1320.9(4)  0.30(3) 33682047 1795.36(4) 0.0329(9) 1795.45(4) 1.34(14) 34391644
1331.59(19) 0.0028(5) 1331.58(4)  0.152(16) Unplaced 0.00169(22) 1813.94(14) 0.072(9) 4104—2291

0.00078(13) 1335.48(18) 0.033(6) 3439—2104 1820.11(11) 0.0057(6)  1820.35(5) 0.27(3) 4396—2576
1348.2(5)  0.0008(5) 1348.06(14) 0.035(4) 39242576 1825.60(6) 0.0166(8) 1825.77(5) 0.65(7) 2626800
1354.21(15) 0.0039(5)  1354.12(3)  0.161(7) 4111—2757 1831.54(22) 0.0032(6)  1832.01(5) 0.117(12) 4960—3128
1365.2(3)  0.0016(3)  1365.06(24) 0.066(12) 43512086 1838.48(8) 0.0106(7) 1838.61(8) 0.44(4) 3798—+1959
1373.20(4) 0.0283(8)  1373.227(21) 1.20(13)  3664—2201  1846.25(19) 0.0026(6)  1846.72(6) 0.105(11) 499353146
1392.8(4)  0.0021(5) 1393.16(8) 0.126(14) 51903798 1854.87(21) 0.0034(5) 1854.99(5) 0.202(21) Unplaced
1399.06(6) 0.0117(6)  1399.03(4) 0.53(5) 2291891  1858.42(7) 0.0122(6) 1858.51(5) 0.54(5) 4149—2291
1402.80(16) 0.0033(7)  1402.73(9)  0.125(14) 4960—3557 1881.16(8) 0.0104(6) 1881.20(5) 0.50(5)  3840—+1959
1418.78(13) 0.0034(5)  1419.01(3)  0.233(24) Unplaced 1888.5(4)  0.0017(6)  1888.43(8) 0.098(11) 4149—2260
1424.12(8) 0.0078(6)  1424.229(23) 0.36(4) 38212397  1910.49(18) 0.0037(5)  1910.70(6) 0.171(18) Unplaced
0.00052(8) 1427.45(18) 0.022(3) 4537—3109 1916.29(16) 0.0043(5) 1916.51(6) 0.26(3) 4020—2104
1434.35(19) 0.0024(5)  1434.50(6)  0.140(15) 3394—1959 1919.28(20) 0.0035(5) 4180—2260
1438.59(9) 0.0055(5)  1438.72(4)  0.218(23) 3486—2047 1929.18(6) 0.0447(10) 1929.32(10) 1.8(3) 1959—30
0.00047(5) 1452.39(12) 0.0200(20) 3713—2261 0.012(7)  1930.2(3) 0.5(3)  2730—800
1460.25(19) 0.0025(5)  1460.81(10) 0.049(6)  Unplaced  1931.23(20) 0.0075(6) 54893557
1466.09(10) 0.0053(5)  1466.11(3)  0.26(3) 3109—1644 1953.5(3)  0.0051(6)  1953.74(6) 0.31(3) 5063—3110
1477.83(25) 0.0041(9)  1478.01(6)  0.32(3) 37382260 1956.49(5) 0.0457(12) 1956.58(5) 1.84(18) 2757—800
1479.87(5)  0.0398(10) 1480.09(4)  1.54(16)  3439—1959  1961.20(20) 0.0037(6) 1961.11(6) 0.154(16) 4537—2576
1484.1(4)  0.0011(5) 1483.86(8) 0.077(9)  Unplaced 0.00087(15) 1964.27(23) 0.037(6) 3924—+1960
0.0023(4)  1487.42(9) 0.097(12) 4473—2986 1973.14(9) 0.0070(6) 1973.00(4) 0.32(3)  4020—2047
1480.62(4) 0.0312(9) 1489.77(5) 1.21(12) 2290800  1994.08(19) 0.0035(6)  1994.08(15) 0.188(24) Unplaced
1496.0(3)  0.0012(5) 350952104  2000.8(3)  0.0020(5)  2001.24(20) 0201(23) 41042103
1502.79(7) 0.0096(6)  1503.00(10) 0.41(4) 31461644 2007.71(4) 0.0578(14) 2007.71(7) 2.5(3) 2808800
0.00052(9) 1509.9(3)  0.022(4) 3154—1644 0.0040(7)  2013.90(20) 0.17(3)  4744—2730
1516.83(18) 0.0020(3)  1517.10(9)  0.122(4)  Unplaced  2017.49(4) 0.0608(14) 2017.53(4) 2.7(3)  2047—30
1537.16(12) 0.0039(5)  1536.84(5)  0.26(3) 3798—2260 2022.37(18) 0.0043(6)  2022.32(17) 0.165(23) 4419—2397
1551.65(14) 0.0034(5)  1551.77(9)  0.102(12) 3599—2047 2039.94(4) 0.0585(15) 2039.94(4) 2.7(3)  2070—30
1560.7(4)  0.0030(7)  1560.44(19) 0.175(21) 3630—2070 2047.33(4) 0.0605(15) 2047.28(4) 2.7(3) 20470
0.00082(10) 1578.97(12) 0.035(4) 3869—2290 2056.8(3)  0.0025(5) 2057.07(5) 0.141(16) 4104—2047
1566.27(24) 0.0029(6)  1566.21(7)  0.155(17) 4960—3394 2069.75(5) 0.0409(11) 2070.08(15) 2.01(20) 20700
1597.71(7)  0.0063(3)  1597.88(4) 0. 29(3) 388852200 2073.67(4) 0.155(3)  2073.74(10) 6.5(7)  2104—30
1613.76(3) 0.1345(23) 1613.84(4)  5.7(6) 164430 2077.41(13) 0.0078(6) 48082730
1618.98(3) 0.1461(24) 1619.00(4)  6.2(6) 24195800 0.00113(12) 2094.61(10) 0.048(5) 37381644
1625.70(8) 0.0077(5) 1625.67(14) 0.32(4) 42512626 2109.9(3)  0.0015(5) 418052070
1634.26(8)  0.0065(5) 39242290 0.00073(10) 2115.77(14) 0.031(4) 48732757
1665.44(22) 0.0032(5)  1665.43(4)  0.143(15) 43962730 2121.6(3) 0.0018(5)  2122.02(5) 0.121(3) Unplaced
1668.1(3)  0.0024(5) 1667.69(5) 0.102(11) Unplaced  2143.2(3)  0.0025(5)  2143.37(11) 0.139(16) 4213—2070
0.0024(7)  1680.8(4)  0.10(3)  4667—2986 2149.90(14) 0.0083(6) 2149.93(5) 0.43(4) 42542104
1690.91(24) 0.0017(5)  1691.26(6)  0.111(12) 3738—2047 2153.70(7) 0.0178(8) 2153.81(4) 0.79(8)  3798—1644
0.0024(3)  1695.44(8)  0.100(11) 5063—+3368 2168.18(15) 0.0043(5)  2168.16(4) 0.179(19) 47442576
1702.22(15) 0.0054(5) 1702.35(3)  0.33(3)  6097—4396 2173.43(18) 0.0032(5)  2173.67(8) 0.094(10) 49602786
1704.76(5)  0.0275(9)  1704.70(20) 0.31(16)  Multiple?  2184.41(5) 0.0223(8)  2183.70(20) 0.47(24) 4254—2070
1717.99(20) 0.0024(5) 1718.68(4) 0.166(7)  4873—3154 0.011(6) 2185.70(20) 0.47(24) 2986—800
1751.66(14) 0.0045(5) 1751.76(5) 0.225(23) 41492397 2196.40(9) 0.0086(6) 2196.61(5) 0.34(4) 3840—1644
0.00085(13) 1754.72(17) 0.036(5) 3713—1959  2203.88(23) 0.0062(7)  2204.08(10) 0.34(4)  4960—2756
0.00070(10) 1761.10(17) 0.030(4)  4180—2419  2206.27(10) 0.0187(14) 2206.35(10) 0.75(8) 42542047
1765.20(12) 0.0054(5)  1765.24(15) 0.224(23) 3869—2104 0.0043(6)  2221.27(11) 0.183(24) 4180—1959
1779.14(8)  0.0077(5) 37381959  2230.58(6) 0.0228(11) 2230.54(5) 0.81(8)  2260—30




TABLE II: continued

This work von Egidy et al [3] This work von Egidy et al [3]
~ (keV) oy (b)* E, (keV) 1 Placement E, (keV) oy (b)* E, (keV) 4 Placement

0.004(4)  2233.0(4) 0.16(16) 42812047 2736.01(9) 0.0130(8) 2736.09(9) 0.83(5) 7800—5063
2246.3(3)  0.0034(6) 43502104  2747.4(3)  0.0034(6) 2747.00(18) 0.26(3) 27470
2260.17(10) 0.0078(6)  2260.11(10) 0.31(3)  2260—0  2756.63(7) 0.0307(11) 2756.81(7) 1.93(10) 2787—30
2271.1(3)  0.0017(3)  2271.19(12) 0.085(10) Unplaced  2775.12(21) 0.0038(6) 2775.21(17) 0.27(3)  7800—5024
2290.64(5) 0.0655(15) 2290.58(7) 2.8(3) 229150  2785.53(22) 0.0044(6) 2784.4(4) 0.21(5) 4744-1959
2310.70(10) 0.0102(7)  2310.70(5) 0.51(5)  7800—5489 0.0033(12) 2787.0(6)  0.14(5)  2787—0
2323.1(3)  0.0021(5)  2322.75(13) 0.127(14) Unplaced  2799.20(8) 0.0163(8) 2799.30(18) 0.95(10) 3599—800
2330.54(16) 0.0051(6)  2330.16(10) 0.28(3)  Unplaced ~ 2806.35(7) 0.0288(10) 2806.53(12) 1.76(13) 7800—4993
2346.22(11) 0.0155(8)  2346.05(10) 0.69(7)  3146—800  2839.52(7) 0.0322(10) 2839.71(7) 1.87(10) 7800—4960
2348.89(22) 0.0054(6)  2348.72(9) 0.24(3)  4396—2047  2856.85(14) 0.0063(6) 2857.15(15) 0.29(3)  4960—2103
2359.8(8)  0.0008(5) 54893128  2892.01(14) 0.0071(6) 2892.19(15) 0.36(3)  4850—1959
2367.18(7) 0.0177(8)  2367.17(5) 0.58(6)  2397—30  2912.30(23) 0.0037(6) 2912.6(3)  0.145(21) 4960—2047
2374.90(16) 0.0074(6)  2373.74(5) 0.102(11) Unplaced  2917.65(10) 0.0148(8) 2917.81(9) 0.89(5)  Unplaced
0.0027(3)  2375.85(5) 0.113(12) 4667—2291 2922.50(19) 0.0068(7) 2922.91(20) 0.33(3) 49932070
2383.80(21) 0.0042(5)  2384.99(11) 0.141(15) Unplaced  2926.54(12) 0.0116(8) 2926.85(10) 0.73(5) 78004873
2389.27(6) 0.0339(11) 2389.18(5) 1.34(13) 241930  2938.42(11) 0.0109(7) 2938.32(9) 0.67(4)  3738—800
2393.7(4)  0.0026(6)  2393.84(12) 0.108(12) 4464—2070 2949.08(11) 0.0099(7) 2949.23(15) 0.63(4)  7800—4850
2397.25(17) 0.0061(6)  2397.12(6) 0.224(23) 2397—0  2955.76(17) 0.0056(6) 2955.94(16) 0.41(3)  2986—30
2403.06(21) 0.0038(6)  2403.04(9) 0.119(13) 5190—2786  2967.6(3)  0.0027(5) 2967.8(3)  0.163(19) 3768—800
0.0046(5)  2416.06(11) 0.194(23) 4464—2047 2992.41(16) 0.0073(8) 2992.60(14) 0.50(3)  7800—4808
2418.27(10) 0.0158(8)  2418.69(15) 0.63(6)  2419—0  3010.29(12) 0.0079(8) 3010.55(14) 0.50(3) 78004789
2424.62(12) 0.0123(8)  2424.66(5) 0.54(6)  Unplaced ~ 3027.8(3)  0.0027(6) 3027.7(3) 0.139(18) 3028—0
0.0059(8)  2428.28(9) 0.25(3)  3229—800  3034.34(14) 0.0077(6) 3034.43(17) 0.293(24) 4993—1959
0.00059(8) 2454.7(3)  0.025(4) 4744—2290 3039.93(11) 0.0101(7) 3040.24(13) 0.62(4)  3840—800
2459.65(16) 0.0041(5)  2459.48(5) 0.191(20) 5190—2730 3055.30(7) 0.0523(14) 3055.58(12) 2.86(17) 7800—4744
2468.2(6)  0.0011(5)  2467.3(10) 0.067(7) 4111—1644 3068.32(17) 0.0051(6) 3068.7(4) 0.25(4)  3869—800
0.00086(22) 2483.8(3)  0.029(8) 4744—2260 3088.0(3) 0.0038(7) 3088.3(5) 0.19(4)  3888—800
0.0033(4)  2528.44(11) 0.139(15) 4789—2260 3098.81(14) 0.0143(8) 3098.56(20) 0.37(14) 312830
2539.98(23) 0.0041(5)  2539.87(7) 0.27(3)  6097—3557 0.009(3)  3100.42(20) 0.37(14) 4744—1644
2542.99(23) 0.0099(6)  2542.92(6) 0.77(8)  Unplaced  3127.92(13) 0.0093(6) 3128.06(13) 0.61(4)  3128—0
2545.92(6) 0.0604(14) 2545.85(10) 2.8(3) 257630  3133.05(17) 0.0075(6) 3133.49(14) 0.51(4)  7800—4667
0.00047(7) 2552.64(17) 0.020(3) 7800—5247 3137.3(4)  0.0024(5) 78004662
0.00078(13) 2568.8(4) 0.033(6) 4213—1644 3143.94(19) 0.0046(5) 3144.30(19) 0.28(3) 52142070
2577.86(11) 0.0059(6)  2577.63(10) 0.32(3)  4537—1959 3153.43(22) 0.0044(5) 3153.5(3) 0.38(3) 31540
0.0022(3)  2586.06(14) 0.094(11) 7800—5214  3198.42(24) 0.0034(5) 3198.6(3)  0.146(22) 322930
2593.37(9) 0.0109(6)  2593.32(10) 0.50(5)  3394—800  3204.6(4) 0.0021(5) 3204.7(4) 0.101(20) Unplaced
2604.6(3)  0.0021(3) 2604.0(4) 0.12(3)  Unplaced  3213.63(25) 0.0048(5) 3214.12(24) 0.223(24) Unplaced
2610.00(6) 0.0240(8)  2609.98(9) 1.40(9)  7800—5190  3220.03(19) 0.0055(6) 3220.08(21) 0.24(3)  4020—800
2614.12(7) 0.0186(7) 2614.21(9) 1.16(7)  3414—800  3228.8(4) 0.0024(5) 3229.4(4) 0.132(32) 3229—0
2628.4(4)  0.0012(3) 2627.7(3) 0.18(3) 5024—2397 3255.72(15) 0.0066(6) 3255.9(4) 0.37(7)  7800—4544
2639.00(7) 0.0162(7)  2638.93(11) 1.04(7)  3439—800  3262.23(7) 0.0423(12) 3262.56(12) 2.43(17) 7800—4537
2643.6(3)  0.0032(5) 2644.0(3) 0.26(4) 5063—2419  3304.02(9) 0.0164(8) 3304.24(11) 0.99(7)  4104—800
2668.9(3)  0.0019(5)  2668.8(4) 0.107(20) 4960—2291 3310.2(3)  0.0026(5) 3310.9(5) 0.12(3) 4111800
2680.9(3)  0.0024(6)  2680.4(5) 0.073(19) 5489—2808  3326.29(10) 0.0141(8) 3326.44(12) 0.79(6) 78004473
2685.95(24) 0.0045(8)  2685.6(3) 0.24(5) 3486801  3335.62(14) 0.0184(15) 3336.3(10) 1.7(8)  7800—4464
2688.6(4)  0.0021(7) 2688.1(4) 0.19(5) 51112424 3338.2(3)  0.0056(14) 3368—30
2702.36(23) 0.0041(7)  2702.60(16) 0.28(3)  4993—2291 3348.77(9) 0.0194(9) 3348.91(10) 1.12(7) 4149800
2716.77(13) 0.0088(7)  2716.95(11) 0.50(4)  2747—30  3368.8(4) 0.0021(5) 3368.9(6) 0.10(3)  3368—0
2726.48(8) 0.0253(10) 2726.62(7) 1.58(9)  2757—30  3379.45(25) 0.0044(6) 3380.3(4) 0.22(4)  7800—4419
2736.01(9) 0.0130(8)  2736.09(9) 0.83(5) 7800—5063 3384.52(17) 0.0070(7) 3384.66(24) 0.40(5)  3414—30




TABLE II: continued

This work von Egidy et al [3] This work von Egidy et al [3]

5 (keV) o, (b)® 4 (keV) |5 Placement ~ (keV) oy (b)? ~ (keV) i Placement
3403.12(11) 0.0188(9) 3403.59(11) 1.00(7)  7800—4396 4135.58(9) 0.0634(19) 4135.58(5) 3.41(18) 7800—3664
3418.5(6)  0.0019(6) 5489—2070 4169.30(11) 0.0134(8)  4169.31(9) 0.71(4) 7800—3630
3448.8(5)  0.0078(18) 7800—4351  4200.04(10) 0.0448(16) 4200.04(5) 2.23(12) 78003599
3452.4(15) 0.0278(16) 3452.2(10) 1.71(10) 4254—800  4223.52(14) 0.0141(9)  4223.66(7) 0.83(5) 4254—30
3480.4(4)  0.0015(9) 3480.6(5) 0.13(3) 4281—800  4242.37(16) 0.0092(9)  4242.47(11) 0.45(3)  7800—3557
3518.71(9) 0.0209(10) 3518.85(10) 1.05(7)  7800—4281 4280.45(17) 0.0071(5)  4280.35(22) 0.37(4) 42810
3527.01(11) 0.0191(10) 3526.99(10) 1.02(7)  3557—30  4312.71(21) 0.0055(5) 4312.8(3) 0.28(4) 78003486
3545.64(9) 0.0840(20) 3545.95(6) 4.7(3)  7800-s4254 4319.6(5)  0.0016(3) 435130
3548.8(4)  0.0068(18) 7800—4251  4360.22(9) 0.0874(24) 4360.19(6) 4.33(24) 78003439
3560.19(16) 0.0082(7) 3569.30(8) 0.45(3) 359930  4384.99(12) 0.0278(12) 4384.95(7) 1.48(8) 78003414
3586.78(25) 0.0038(6) 3586.53(13) 0.217(17) 78004213 4389.4(3)  0.0057(8)  4389.32(18) 0.37(3)  5190-+800
3599.5(3)  0.0033(6) 3599.62(20) 0.185(19) 35990  4405.44(23) 0.0073(8)  4405.36(11) 0.42(3) 78003394
3619.46(11) 0.0146(9) 3619.40(6) 0.77(4) 7800—4180 4421.0(3) 0.0056(7) 4421.15(14) 0.294(22) Unplaced
3629.82(24) 0.0071(7) 3629.94(15) 0.33(3) 3630—0 4431.2(3)  0.0105(9) 4431.17(16) 0.59(5)  7800—3368
3633.83(14) 0.0105(8) 3633.88(9) 0.63(4) 366430  4472.95(17) 0.0074(5) 4472.80(11) 0.40(3) 44730
3650.25(9) 0.0400(15) 3650.34(5) 2.22(11) 7800—4149 4507.16(14) 0.0179(10) 4506.96(7) 0.77(5)  4537—30
3663.29(20) 0.0070(7) 3663.32(9) 0.44(3) 4464800  4653.18(17) 0.0124(8) 4652.94(8) 0.52(3)  7800—+3146
3683.3(5)  0.0024(6) 371330 4662.1(3)  0.0050(6) 46620
3688.69(9) 0.0311(12) 3688.67(15) 1.49(12) 7800—4111 0.0026(5)  4667.0(4) 0.110(21) 4667—0
3695.05(10) 0.0260(11) 3695.15(11) 1.43(10) 7800—4104 4670.91(16) 0.0190(10) 4670.84(10) 0.66(4)  7800—+3128
3736.96(9) 0.0217(7) 3737.01(10) 1.14(7) 4537800 4687.6(4) 0.0018(5) 4688.9(5)  0.052(11) 78003109
3743.19(23) 0.0029(5) 3743.2(3)  0.21(3) 4544—800 0.00179(24) 4842.8(4) 0.076(12) 4873—30
3765.1(3)  0.0035(6) 3764.84(19) 0.180(17) Unplaced  4850.9(8)  0.0020(7)  4851.16(25) 0.120(13) 48500
3778.66(11) 0.0161(8) 3778.99(10) 0.93(6)  7800—4021 0.0059(6)  4872.47(14) 0.252(19) 48730
3791.4(3)  0.0037(6) 3791.9(3) 0.18(3) 382130  4929.7(3) 0.0028(5) 4929.3(3)  0.183(21) 4960—30
3821.8(3)  0.0052(6) 3822.17(13) 0.264(19) 38210 0.0025(5)  4962.2(4)  0.107(19) 4993—30
3838.47(14) 0.0126(8) 3838.50(7) 0.62(4) 386930  4991.57(12) 0.0487(16) 4991.38(5) 2.18(11) 7800—+2808
3857.79(25) 0.0054(6) 3857.97(11) 0.305(21) 3888—30  5012.54(13) 0.0255(12) 5012.47(6) 1.17(6) 78002787

0.0028(11) 3868.3(4) 0.12(5)  3869—0  5042.64(13) 0.0395(17) 5042.43(6) 1.78(9)  7800—2757
3874.64(19) 0.0090(7) 3874.7(3) 0.28(6) 78003924 0.00164(21) 5062.9(4)  0.070(9)  5063—0

0.0049(25) 3895.7(11) 0.21(11)  3924—30 5068.82(14) 0.0252(14) 5068.65(6) 1.25(7)  7800—2730
3807.81(24) 0.0078(8) 3899.0(7) 0.32(11) Unplaced  5111.5(7)  0.0019(5) 51110
3911.37(12) 0.0189(10) 3911.49(18) 0.96(9)  7800—3888  5173.33(13) 0.0454(17) 78002626
3930.68(10) 0.0310(12) 3930.64(5) 1.56(8)  7800—3869 0.00125(14) 5188.8(3)  0.053(6)  5190—0
3943.94(11) 0.0195(10) 3943.81(6) 0.98(5) 4744—800 0.00047(10) 5216.9(6)  0.020(4)  5247—30
3959.19(10) 0.0284(11) 3959.19(5) 1.48(8) 78003840 5222.3(4)  0.0099(9)  5223.14(7) 0.377(20) 7800—2576
3977.84(10) 0.0247(11) 3977.83(5) 1.29(7) 78003821 5379.96(12) 0.164(5)  5379.84(6) 7.9(4)  7800—2419
3080.0(3)  0.0038(6) 3989.07(14) 0.242(19) 47895800 5488.5(5)  0.0033(6) 54890
4001.78(10) 0.0296(12) 4001.78(5) 1.61(9) 7800—3798  5509.24(13) 0.0674(21) 5509.12(7) 3.17(16) 78002290

0.0033(4) 4008.1(3)  0.139(15) 4808—800  5695.45(13) 0.128(3)  5695.38(7) 5.6(3)  7800—2104
4031.09(23) 0.0047(5) 4031.58(14) 0.221(17) 7800—3769 5729.19(14) 0.0492(20) 5729.21(7) 2.28(12) 7800—2070
4060.99(10) 0.0275(11) 4060.92(5) 1.53(8) 78003738 5751.76(13) 0.122(3)  5751.60(7) 5.5(3)  7800—2047
4080.82(23) 0.0066(7) 4080.69(12) 0.325(22) 411130  6067.2(4) 0.0014(3)  6067.6(3) 0.050(5) 609730
4086.29(18) 0.0079(8) 4086.13(9) 0.46(3) 7800—3713  6998.78(17) 0.0503(23) 6998.77(10) 2.15(11) 7800800
4110.39(20) 0.0075(7) 411150 7768.89(20) 0.113(5)  7768.75(19) 5.6(3)  7800—+30

“When the energy is not given the cross section is from the renormalized von Egidy et al [3] data.

® For cross section multiple by 0.0235 £ 0.0003.
“Intensity calculated from the total population of the 30 keV level.
ICross section divided with 0.200(8) b deexciting the 3663.86 level and 0.0075(8) b deexciting the 4250.8 level.
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TABLE TIIT: Cross sections populating and depopulating levels in “°K from the (n,y) reaction. The J™ values are from the
Evaluated Nuclear Structure Data File [14], except as indicated. The level energies were calculated by a weighted least-squares
fit of the y-ray energies to the level scheme.

Level Energy Jr In Out Net® Level Energy J7r In Out Net®
(keV) (b) (b) (b) (keV) (b) (b) (b)
0 4= 0.314(4) 2252060 | 379754 (17)  0.0326(13) 0.0355 12 0.0029(18)
29.8299(5) 3~ 1.938(15) 3821.35(5) 27 0.0247(11) 0.0228 12 -0.0019(16)
800.124(14) 2~ 0.992(11) 1.020 13  0.028(17) | 3840.16(4) (1,2%)  0.0318(11) 0.0297 11 -0.0021(16)
891.55(3) 57 0.0195(11) 0.0216 6 0.0021(12) | 3868.67(5) 27 0.0310(12) 0.0313 17  0.000(2)
1643.608(19) 0" 0.165(4) 0.1567 24 -0.008(4) | 3888.17(6)  (17,2,3) 0.0189(10) 0.0185 11  0.000(2)
1959.007(18) 2t 0.1638(24) 0.2253  0.061(4) 3924.15(7) (1~ to 4%) 0.0090(7) 0.014 3 0.005(3)
2047.375(20) 2~ 0.191(6) 0.2096 25 0.019(6) | 4020.56(6) (0 to 3)~ 0.0161(8) 0.0147 9  -0.0014(12)
2069.752(23) 3~ 0.098(3) 0.1153 21 0.018(3) | 4104.35(6)  (17,2,37) 0.0260(11) 0.0235 11 -0.0025(16)
2103.544(22)  1°  0.195(3) 02173  0.022(5) | 4110.75(6)  (17,2,3) 0.0311(12) 0.0266 14 -0.0045(18)
2260.49(4) 3t 0.0228(14) 0.0306 13 0.0078(19) | 4148.93(4) (27,3)  0.0400(15) 0.0508 16  0.0108(22)
2289.856(23) 1T 0.0902(23) 0.0897 13 0.000(3) | 4180.00(4) (37)  0.0170(10) 0.01729  0.000(2)
2290.57(3) 3- 0.0561(15) 0.0772 16 0.0211(22) | 4212.88(13) (27,3%) 0.0067(7) 0.0050 5 -0.0016(9)
2397.14(4) 4~ 0.0256(15) 0.0253 10 0.000(2) 4250.8(4)° 0.0068(18) 0.0077 5  0.0009(19)
2419.111(23) 2~ 0.172(5) 02013  0.029(6) | 4253.91(4) (27)%  0.0840(20) 0.0922 25  0.008(3)
2575.92(4) 2t 0.0427(17) 0.0622 14 0.0194(22) | 4280.69(5) 27 0.0209(10) 0.0234  0.002(4)
2625.91(3) 0~ 0.0547(18) 0.0575 12 0.0028(21) | 4350.70(10) 0.0078(18) 0.0077 7 0.000(2)
2730.30(3) 1(7)  0.0486(19) 0.040 7 -0.009(7) | 4396.15(7)  (0,1,2)~ 0.0188(9) 0.0168 11 -0.0020(14)
2746.75(3)  (2,3)"  0.0058(4) 0.01319 0.0074(10) | 4419.40(8)  (27,3,4%) 0.0044(6) 0.0058 6  0.0014(9)
2756.63(3) 2+t 0.0578(20) 0.0731 16 0.0153(25) | 4463.61(8)° 0.0184(15) 0.0142 11 -0.0042(19)
2786.60(3) 3t 0.0354(15) 0.0461 17 0.0106(22) | 4473.19(6) (2,3)7  0.0141(8) 0.0121 7 -0.0020(10)
2807.83(4)  (1,2)"  0.0556(18) 0.0628 17 0.0071(25) | 4537.17(5) 27 0.0423(12) 0.0497 15  0.0074(19)
2986.06(4) (27,3%)  0.0219(12) 0.019 6 -0.003(6) 4543.97(6)° 0.0066(6)  0.0075 8  0.0009(10)
3027.99(5) 27 0.0050(5) 0.0161 9 0.0111(10) | 4662.30(24) 2" 0.0048(5)  0.0050 6  0.0002(8)
3109.46(5)  (1,2)"  0.0108(8) 0.0114 8 0.0006(11) | 4666.51(5) 0.0075(6)  0.0077 10 0.000(2)
3128.45(5) 27 0.0263(13) 0.0289 11 0.0026(17) | 4744.08(4) (27)  0.0523(14) 0.0523  0.000(3)
3146.39(5) 1 0.0161(10) 0.0276 10 0.0115(15) | 4789.10(8) ah 0.0079(8)  0.0071 7 -0.0008(11)
3153.92(9)  (2,3)"  0.0034(5) 0.0075 11 0.0041(13) | 4807.57(10) (0 to 3)~ 0.0073(8) 0.0111 7  0.0038(11)
3228.69(5) 27 0.0045(4) 0.0138 13 0.0093(13) | 4850.35(7) 0.0099(7)  0.0125 10 0.0026(12)
3368.13(7) (2,3)7 0.0129(10) 0.0151 16 0.0022(19) | 4872.65(7) (2,3)7  0.0116(8) 0.0108 7 -0.0008(11)
3393.65(7) 27 0.0118(10) 0.0133 8  0.0015(13) | 4960.03(5)° 17,2,37  0.0322(10) 0.0335 18  0.0013(20)
3414.34(4) 2t 0.0312(12) 0.0302 11 -0.0010(16) | 4993.07(5)  (27,37) 0.0288(10) 0.0286 15 0.000(3)
3439.02(3) (2% 0.0938(24) 0.0897 15 -0.004(3) 5024.14(15) 0.0038(6)  0.0036 4  0.0002(7)
3485.95(5) 27 0.0140(9) 0.0120 10 -0.0020(13) | 5063.49(7) (27,3%) 0.0130(8) 0.0123 9  -0.0007(12)
3557.04(6) (1™ to 4T) 0.0241(14) 0.0220 10 -0.0021(17) | 5111.1(4) 27 0.0019(5) 0.0019 5  0.0000(7)
3599.35(4) 27 0.0464(16) 0.0471 15 0.000(2) | 5189.57(6)° 27,3~  0.0213(7) 0.0198 13 -0.0015(14)
3629.97(7) 27,37 0.0134(8) 0.0143 10 0.0009(13) | 5213.56(11) 27 0.0022(3)  0.0046 5  0.0024(6)
3663.86(3)  (3,4)T  0.0634(19) 0.0625 14 -0.0009(24) | 5246.86(16)° 0.00047(10) 0.00047 10 0.0000(2)
3713.20(8)° 27,3 0.0079(8) 0.0042 6 -0.0037(10) | 5488.71(9)° 27,3 0.0091(6) 0.0149 11  0.0058(13)
3738.34(5) 1" 0.0275(11) 0.0255 13 -0.002(17) 6097.27(12)¢  17,2,3  0.0054(5) 0.0055 6  0.0001(8)
3768.56(14) 0~ to 37 0.0071(6) 0.0027 5 -0.0044(8) 7799.57(2) 1+2% 1.948 12 1.948(12)

¢ Difference between cross section populating and depopulating the level.

® Sum of the observed cross section feeding the 0.0- and 29.8299-keV levels.
¢ New level assigned in this work. J™ deduced from level scheme.

4 JT™=3" was assigned in ENSDF [14]. See discussion in the text.



to the intensity of the primary transitions [29]. Such
a strong primary transition, and subsequent feeding of
2069.81-keV level thus cannot be explained within statis-
tical model simulations. There is no primary transition
feeding the 2290.489-keV level, which is populated only
by levels other than the CS, and we are unable to find rea-
sonable consistency with simulated feeding for any plau-
sible spin/parity assignment (J™ = 37,47). We have no
explanation for this discrepancy except to admit that the
feeding of this level may not be adequately described by
a statistical model.

A similar situation also occurs for the level at 2397.165-
keV, assigned J™ = 4~ in ENSDF, which becomes consis-
tent with the PD diagram only if the spin were changed
to 3+. This spin assignment is consistent with spins of
levels whose y-rays populate/depopulate this level but
inconsistent with L=0 for (d,>He) and (pol d,a) reac-
tions summarized in ENSDF [14] populating the level.
The (d,°He) measurement does not completely rule out
a 3~ assignment which is also inconsistent with statistical
model calculation.

The simulated population of the 2746.91-keV level,
suggested as J™ = (27,37) in ENSDF [14], is more con-
sistent with a 27 spin assignment as shown in Fig. 2
although a good fit is also obtained for a 3+ spin as-
signment which is also consistent with no strong primary
transition feeding this level.

The spin and parity assignments in Table III were
taken from ENSDF [14], except as indicated, and fur-
ther limited by the assumption that all secondary y-ray
transitions have M1, E1, or E2 multipolarities and all
primary transitions are M1 or E1.

B. “K(n,y))*K

Table IV lists five y-rays that were assigned to *'K
in this work. Three of these transitions are partly ob-
scured by contaminants from “°K. The extensive *'K
neutron capture y-ray relative intensity data from Kr-
usche et al [4] can be renormalized using the 1293.586-
keV (0,=37.1+£1.8 b) and 1677.198-keV ~-ray (0,=13+3
b) 7-ray cross sections measured in these experiments
shown in Table V. These two ~-rays account for about
50% of the total cross section feeding the GS of *1K.
The weighted average normalization factor from both
transitions is 0.7740.13 for the Krusche et al data and
the total cross section observed feeding the GS of K
is 8647 b. The total energy weighted cross section is
YE, x I, = T3+£7 b for y-rays placed in the level scheme
and 642 b for unplaced transitions. The *'K level scheme
is well studied by various reactions up to greater than 4
MeV and ~-rays above 4 MeV that might populate the
GS account for only 4 b.

The fraction of transition intensity to the GS escaping
detection is estimated to be between 1.5 and 3.9% in the
simulations. Assuming that less than 3 b populates the
ground state from subthreshold 7-rays and less than 4
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FIG. 2: (Color online) Population-depopulation plot for “°K
colored by spin (a) and parity (b). Simulations were made
with models: SLO for E1, SP for M1 and BSFG for level
density.

b populates it from unplaced y-rays the deduced cross
section is 0p=90+8 b. The total experimental cross sec-
tion feeding the GS from levels below E.;=2.60 MeV is
754 b. The simulated continuum feeding of the GS from
levels above E; is about 1745% giving a total cross
section of 90+7 barns. These two values are again in
excellent agreement. They are substantially higher than
30£8 barns measured by Beckstrand and Shera [33] and
adopted by Mughabghab [29] but comparable to 66430
barns measured by Pomerance [31] and ~70 barns mea-
sured by Gillette [32].

The spin and parity of the GS of “°K is 4~ so the cap-
ture state can be composed of J™ =7/27 and 9/2 res-
onances. Primary «-rays are observed to populate levels
with J=5/2 but not J=11/2 suggesting that the capture
state is predominantly J™ = 7/27. This is confirmed by
the DICEBOX simulations which match the population
of low- and high-spin states only if lower spin is respon-
sible for 60-90% of all captures. The exact allowed range
depends on the used PSF models. Only about 14% of
the primary ~y-ray intensity feeds GS from levels below
E.it=2.60 MeV so a significant part of the decay scheme
was simulated.

The P-D plot for levels in 'K is shown in Fig. 3. Very
good agreement is achieved between the population and
depopulation of all but one level below E.t. The J™ =
7/27% level at 2507.93 keV [34] has significantly higher
experimental depopulation than simulated population.
In this case the J™ assignment is based on the level’s
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TABLE IV: 40'41K(n;y) thermal neutron capture 7-ray energies and cross sections measured in this work. I, and level assign-

ments are from Krusche et al [4] and [5].

E, oy Iy Placement
(keV) (b) (relative) (initial—final)
1K transitions
981.14(19) <20° 3.44(74) 980—0
1023.44(7) <40* 11.2(25)  2317—1294
1293.82(11)  37.1(19) 40.5(86) 1294—0
1677.5(3) 13(3) 19.7(20)  1677—0
1697.20(25) <21¢ 8.13(81) 1698—0
12K transitions
106.818(11) 0.499(10)* 32.9(66)* 107—0
151.64(3) 0.137(3) 10.7(22) 258—107
268.93(8)  0.035(3) 2.04(31) 1111842
376.96(19)° 0.012(3)  0.61(14) 1111—784
380.52(8)  0.038(3) 2.50(50) 639—258
431.69(6)  0.038(3) 2.89(58) 1274—842
440.96(13)® 0.016(3) 1.26(25) 699—258
444.92(14) 0.0126(25) 0.92(19) 1144—699
453.84(21)° 0.0095(25) 0.275(56) 1862—1408
504.88(9)° 0.031(4) 2.43(36) 1144—639
531.95(5)  0.063(4) 5.52(86) 639—107
595.93(21) 0.014(4) 0.83(12) 1862—1266
616.31(14)" 0.030(4) 2.32(35) 1255—639
621.08(15) 0.027(4) 1.34(20) 1464—842
638.62(12) 0.047(7) 3.37(51) 639—0
681.96(3) 0.233(8) 15.5(23) 682—0
735.34(13) 0.044(4) 2.13(32) 842—107
783.79(10)" 0.037(4) 2.75(41) 784—0
831.57(22) 0.017(3 0052(9) 1513—682

E, oy Iy Placement
(keV) (b) (relative) (initial—final)
42K transitions, continued

841.98(5) 0.197(7) 13.2(20) 842—0

938.92(16)" 0.030(4)  1.15(17) 1198258
1001.01(16)® 0.023(3)  1.49(22) 1843—842
1110.49(16)° 0.028(4)  2.04(31) 1111—0
1121.63(19)° 0.0308(4) 0.244(7) 2939—1817
1179.9(4) 0.027(8)  1.64(25) 1862—682
1265.52(10)° 0.072(7)  3.73(56) 1266—0
1377.22(17)" 0.031(4)  3.07(46) 1377—0
1408.22(19) 0.033(10) 2.99(45) 1408—0
1862.05(17) 0.042(7)  3.43(51) 1862—0
1937.0(3) 0.030(7)  1.50(23) 1937—0
2295.20(23) 0.073(8) 3.07(31) 2402—107
4768.6(4) 0.076(9) 4.11(21) CS—2766
5131.8(4) 0.050(8)  3.69(18) CS—2402
5167.9(4) 0.106(8)  6.56(33) CS—2366
5295.8(3) 0.048(10) 2.65(31) CS—2239
5460.6(4) 0.056(10) 2.52(13) CS—2072
5671.9(4) 0.047(10) 3.71(19) CS—1862
6156.3(5) 0.017(4)  0.901(45) CS—1377
6278.6(6) 0.019(4)  1.536(77) CS—1255
6851.83(23) 0.080(7) 5.63(28) CS—682
6894.0(5) 0.019(10) 1.252(63) CS—639
7427.2(5) 0.027(7)  3.21(16) CS—107
7534.7(5) 0.030(7)  1.857(93) CS—0

@ Doublet with y-ray from “°K. ® Transition of similar energy assigned to *°K [3]. “Doublet placed in 10K and *?K.

~v-ray de-excitation pattern and the parity measured by
(0, pol) in (c, py) [35]. J™=5/2~ can bring experiment
and simulation into reasonable agreement which is con-
sistent with the decay of this level but is inconsistent
with E2 character assigned to ~-rays deexciting it to
J™ = (3/27) levels. The level at 2447.83-keV was as-
signed (3/27,5/2,7/2%) in ENSDF [34] but reasonable
agreement between the simulated population and the ex-
perimental depopulation is only achieved for J™ = 3/2%.
This is consistent with £,=(0,2) for **Ca(t,«) [36]. The
simulated populations for J™ = 5/2% and J™ = 7/2%
assignments to this level are too large.

C. “K(n,y)*?K

Table IV lists 43 ~y-rays assigned to K that were mea-
sured in this work. These transitions were assigned to
42K by comparison with the more extensive 7-ray in-
tensities measured by Krusche et al [5]. Several v-rays
assigned to K have similar energies to transitions as-

signed to 4K [3]. We used a planar, Low-Energy Photon
Spectrometer (LEPS) to carefully inspect the first excited
state energy region at 107-keV for possible interference
from transitions in *°K near that energy. One 0.54 mb
transition was found which was too weak to affect this
analysis. A least-squares fit to the Budapest o, data and
Krusche et al intensity data gave a normalization factor
of N =0.0154 &£ 0.0003 for converting the relative y-ray
intensity data to the cross section scale. The cross sec-
tions populating and depopulating levels in 42K from the
combined measurements are shown in Table VI where
the total cross section observed feeding the GS of 42K is
1.604£0.023 b. The total energy weighted cross section
is XE, x I, = 1.48£0.03 b for y-rays placed in the level
scheme and 0.064+0.01 b for unplaced transitions. The
42K level scheme is well studied by various reactions up
to approximately 4 MeV and unplaced ~-rays with ener-
gies >4 MeV that could feed the GS have a total cross
section of less than 14 mb.

The intensity of primary transitions feeding levels be-
low E¢it = 1.4 MeV is about 18% of the total GS feeding
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FIG. 3: (Color online) Population-depopulation plot for *'K
colored by spin (a) and parity (b). Simulations were made
with models: SLO for E1, SP for M1 and BSFG for level
density

and the remaining decay scheme intensity has been sim-
ulated. The GS of 4K is 3/2T so the capture state can
be composed of J* = 17 and 27 resonances. Primary
~-rays are observed to levels with J™ = 37 indicating
that higher spin must significantly contribute to captur-
ing state, but the absence of known levels with J = 0 and
1 at low excitations in 2K makes the calculation insen-
sitive to the contribution of the lower spin resonances.

The simulated fraction of transition intensity that es-
capes detection feeding to GS obtained from simulations
with different model combinations is 0.4-1.4%. Assum-
ing that less than 14 mb populates the ground state
from subthreshold ~-rays and less than 21 mb popu-
lates it from unplaced ~y-rays the deduced cross section
is 09p=1.624£0.03 b. The total experimental cross sec-
tion feeding the GS from levels below E;4=1.40 MeV is
1.185+0.019 b. Simulated GS feeding from levels above
Eeic is 24+7% giving a total cross section for 'K of
00=1.564+0.15 b. Again, values of oy obtained with the
two approaches are in excellent agreement. The result-
ing o¢ is higher than most previous results shown in
Table VII and inconsistent with the value adopted by
Mughabghab [29] 09=1.46+0.03 b.

The P-D plot for levels in K using the ENSDF J™ as-
signments [37] is shown in Fig. 4. Agreement is nearly as
good as for the other potassium isotopes despite the very
low value of E.;i used in simulations and problems with
adopted level scheme at low excitation energies including
the indefinite spin assignment for levels near 1.2 MeV.
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FIG. b5: (Color online) Population-depopulation plot
for “>K obtained assuming the following changes in the
spin/parity assignment for low-lying levels — J™(783.87)=3",
J7(841.940)=3%,  JT(1110.747)=2",  J*(1197.90)=2",
J7(1254.820)=3",  J7(1266.305)=2",  J"(1273.54)=3",
J™(1377.12)=1". Simulations were made with models: SLO
for E1, SP for M1 and BSFG for level density.

Significant improvement is possible by changing the spin
or parity of several levels. These changes were found to
have little effect on deduced value of og. A better fit is
achieved with the J™ assignments proposed in the P-D
plot shown in Fig. 5.



D. *K(n,y)*?K Activation Measurement

The 1524.66+0.08-keV ~-ray from “?K B— decay,
t1/2=12.321£0.025 h [38], was observed in a low back-
ground chamber following the prompt v-ray experiment
after the neutron beam was turned off. Its cross section
was determined as 0.269+0.005 b after correction for the
production and decay during bombardment. This value
is in good agreement with the four previous measure-
ments listed in Table VII. From our measurement as-
suming 0p=1.62+0.03 b we get the 2K 3~ -decay transi-
tion probability P, (1525)=0.164+0.004. This value dis-
agrees substantially from P,=0.1808%0.0009 measured
by Miyahara et al [39] and P,=0.18134+0.0014 mea-
sured by Simoes et al [40] with the 47f3~v coincidence
method. These values were used to obtain the recom-
mended value of Mughabghab [29]. Although the cause
of this discrepancy is not readily apparent we note that
the 0p=1.57+0.17 b value of Kaminishi and Shuin [41],
which agrees with our result albeit with a large uncer-
tainty, was also measured by the 475 — v method where
corrections for the mass of the source were found to be
significant. No such correction was reported by either
Miyahara et al or Simoes et al.

V. CONCLUSIONS

Excellent agreement was found between the relative -
ray cross sections measured at the Budapest Reactor and
the intensity measurements by von Egidy et al [3] and
Krusche et al [4, 5]. The total measured v-ray intensity
feeding the GS was shown by DICEBOX statistical model
calculation to be nearly nearly complete. Although direct
neutron capture reactions were thought to be important
for these light nuclei, we showed that the primary y-ray
intensities to levels at higher excitation energies could
be treated adequately, for most levels, with purely sta-
tistical considerations. Simulations of the populations
of low-lying levels were in a very good agreement with
experimental populations in most cases and pointed to-
wards discrepancies in the spins and parities of several
levels. The observed cross sections corrected for the esti-
mated feedings from unobserved, high-energy transitions
are very comparable to those derived from the DICEBOX
simulations.

Total radiative neutron cross sections for the potas-
sium isotopes determined in these experiments are sum-
marized in Table VIII where the observed cross sections
corrected for the estimated feedings from unobserved,
high-energy transitions are very comparable to those de-
rived from the DICEBOX simulations. In Table VIII we
give adopted total radiative neutron cross sections cal-
culated from a weighted average of the statistical and
corrected experimental values assuming that 50% of the
unplaced transition intensity goes to the GS.
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TABLE V: Cross sections populating and depopulating levels in 'K from the (n,y) reaction. Level energies and J™ values are
from the Evaluated Nuclear Structure Data File [34].

Level Energy J7T In® Out® Net® Level Energy J7T In® Out® Net?
(keV) (b) (b) (b) (keV) (b) (b) (b)
0 3/2" 95(5) 95(5) 4164.57(4)  (5/27,7/2,9/27) 1.25(6) 1.91(18) -0.7(2)
980.476(8) 1/2" 3.4(3) 3.2(6) 0.2(7) 4220.62(5) (5/2) 0.96(6) 1.17(6) -0.21(8)
1293.609(8) 7/2” 41(3) 37.1(18)  4(3) 4228.99(5) (5/2)~ 1.40(10) 1.86(10) -0.5(1)
1559.903(12) 3/2T 4.9(3) 4.6(4) 0.3(5) 4244.22(5) (3/2)~ 1.99(9)  2.05(16) -0.06(18)
1582.001(11) 3/2° 4.05(19) 4.1(3)  -0.0(4) 4260.36(13) (3/27,5/2)  1.29(7) 1.10(7)  0.19(10)
1593.107(12) 1/2F 0.60(3)  0.52(8)  0.08(8) | 4274.96(5) (7/27,9/2%)  2.77(13) 2.83(23) -0.1(3)
1677.235(11) 7/2" 17.3(10)  18.2(18)  -0.9(21) | 4303.01(5) (5/27,7/27)  0.73(6) 0.71(5)  0.02(7)
1698.005(15) 5/2% 5.3(3) 75(7)  -2.2(8) 4345.66(5) (5/2,7/27)  3.80(21) 3.37(21) 0.4(3)
2143.82(2) 5/2% 4.46(19) 5.8(5)  -1.4(5) 4459.72(5) (3/2)~ 1.63(7) 1.56(8)  0.07(11)
2166.70(2) 3/2” 1.43(11)  1.26(16)  0.17(19) | 4525.37(5) (3/27,5/2,7/2) 0.27(4)  0.162(24) 0.11(4)
2316.62(2) 5/2° 12.2(6)  11.1(23)  1.1(24) | 4568.75(5) (9/2%,11/27) 0.338(21) 0.55(3) -0.21(4)
2447.83(7) 3/2+) 0.57(6)  0.42(4)  0.15(7) | 4609.48(7)  (5/2",7/2,9/2") 1.64(7) 1.24(9)  0.4(1)
2494.91(3) 9/2" 3.76(18)  4.3(5)  -0.5(6) 4730.70(5) (3/2)" 0.86(5) 0.53(3)  0.3(1)
2507.93(3) 7/27F 4.37(23)  6.6(6)  -2.2(7) 4735.86(6) (5/27,7/27)  1.08(7) 1.41(8) -0.3(1)
2527.66(3) 11/2% 2.53(12)  2.8(6)  -0.3(6) 4745.49(10) (5/21) 1.61(8) 1.71(6) -0.1(1)
2593.97(3) 1/27,3/2 0.51(3)  0.40(7)  0.11(7) | 4749.47(8)  (3/27,5/2,7/27) 1.10(7) 1.25(5) -0.2(1)
2710.3(3) 3/2%,5/2F 0.252(25) -0.25(3) | 4823.33(5) (7/27,9/27)  2.11(11) 1.55(9)  0.6(1)
2712.57(3) (7/27) 4.34(15)  4.4(7)  -0.1(7) 4862.43(6) (5/2) 0.33(3) 0.45(3) -0.12(4)
2756.73(3) 5/2% 3.47(13)  4.3(4)  -0.8(4) 4927.83(6) (5/2)*" 1.18(5)  1.77(19) -0.6(2)
2761.73(3) 11/27 1.67(12)  3.0(6)  -1.3(6) 4948.94(6)  (3/27,5/2,7/27) 0.35(3)  0.52(3) -0.17(4)
2774.25(3) 13/2% 0.52(4)  0.49(7)  0.03(8) | 5021.23(8) (5/21) 0.229(22) 0.213(19) 0.02(3)
3048.22(5) 1/27,3/2 0.67(3)  0.49(4)  0.18(5) | 5096.20(8) (5/2,7/2,9/27) 0.81(4) 0.52(5)  0.3(1)
3141.84(3) (7/27) 0.76(6)  1.16(18) -0.40(19) | 5185.27(6) (5/2,7/27)  0.91(6) 0.63(4)  0.3(1)
3142.43(3) 5/27 3.28(15)  4.5(4)  -1.2(5) 5298.86(6)  (3/27,5/2,7/27) 1.07(9) 0.81(7)  0.26(11)
3213.61(4) 5/27 1.63(8)  2.23(20) -0.6(2) 5496.61(7) (7/2%) 0.96(6)  1.49(8)  -0.5(1)
3235.57(4)  (3/27,5/2,7/2) 1.51(16)  2.53(25) -1.0(3) 5548.19(7) (5/27,7/2%)  1.15(6) 1.15(5)  0.00(7)
3240.65(4) (5/27,7/27)  1.680(8)  1.80(16) -0.12(18) | 5557.39(9) (3/27,5/2%)  0.24(4)  0.329(18) -0.09(4)
3431.84(4) (9/27,7/27)  1.41(12) 1.72(15) -0. 3( ) 5575.24(8)  (3/27,5/2,7/27) 0.43(3) 0.60(4) -0.17(5)
3450.1(2) 5/27,7/27 1.16(12) -1.2(1) 5604.58(8)  (3/27,5/2,7/27) 0.355(21) 0.44(3)  -0.09(4)
3488.5(3) (5/2)% 0.132(15) 0.063(7) 0.07(2) | 5610.83(6) (5/2,7/27)  0.319(18) 0.230(25) 0.09(3)
3489.41(7) (5/2,7/2) 0.137(25) 0.33(3) -0.19(4) | 5655.66(8) (3/27,5/27)  1.25(6) 1.55(11) -0.3(1)
3521.38(9) (5/2%,7/27)  0.402(20) 0.51(4) -0.10(4) | 5659.25(8)  (3/27,5/2,7/2%) 0.50(3) 0.358(22) 0.14(4)
3534.45(4) (7/2%,9/2) 0.68(4)  1.06(15) -0.38(15) | 5800.80(7) (3/27,5/27)  0.50(3)  0.80(6) -0.3(1)
3560.61(5)  (3/27,5/2,7/2%) 0.52(3)  0.42(11) 0.1(1) 5826.66(7) (5/2)* 0.82(5) 0.88(6) -0.06(8)
3572.38(5)  (3/2%,5/2,7/27) 1.18(13) -1.2(1) 5886.95(8) (3/2)~ 0.74(3)  0.62(6)  0.12(7)
3612.77(5) (3/27,5/2%)  0.54(4)  0.340(19) 0.17(4) | 5912.50(8) (9/2™) 0.79(4)  1.45(6) -0.7(1)
3651.46(5)  (5/2,7/2,9/27) 0.89(5)  1.21(11) 0.32(13) | 5952.41(8)  (7/27,9/2,11/27) 0.64(3)  0.39(3)  0.25(5)
3761.54(5) (5/2%,7/27)  2.09(11)  2.00(9)  0.09(14) | 5968.89(8) (9/2,11/27)  0.359(19) 0.32(4)  0.03(4)
3774.66(5) 5/27,7/27 1.35(6)  1.78(10) -0.4(1) 6040.67(10)  (3/27,5/2,7/2) 0.68(4) 0.72(5) -0.04(7)
3826.90(10) (5/2,7/27) 1.09(5)  0.95(6)  0.14(7) | 6070.76(9) (5/2,7/2,9/27) 0.45(3)  0.50(4)  -0.05(5)
3870.52(6) 5/27,7/27 0.28(4)  0.210(18) 0.07(5) | 6078.56(7) (3/2)~ 0.52(3)  0.41(34) 0.11(4)
3990.40(5)  (7/279/2,11/2%) 0.54(4)  0.30(5)  0.24(6) | 6186.04(11) (5/2,7/2) 1.43(7)  1.54(8) -0.1(1)
3996.49(4) (5/2™) 5.9(3) 6.22(23) -0.3(4) 6211.50(7) (7/27,9/27)  1.06(5) 0.99(4)  0.07(7)
4026.94(7)  (3/27,5/2,7/2%) 0.90(6)  0.66(6)  0.24(8) | 6229.88(10) (3/27,5/2,7/27) 0.299(19) 0.45(4)  -0.15(5)
4146.15(6) 5/27.,7/27 1.08(5)  0.80(8)  0.28(9) | 6255.96(8) (5/2,7/27)  0.53(3) 0.55(3) -0.02(4)

@ Includes the intensity of multiply placed transitions, ® Difference between cross section populating and depopulating levels.
¢ See text for discussion of spin assignment.



TABLE V: continued
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Level Energy J7 In® Out® Net®  Level Energy J7 In® Out® Net®
(keV) (b) (b) (b) (keV) (b) (b) (b)
6290.05(14) (3/2)~ 0.89(5)  0.76(3) 0.13(6) 7020.97(10) (3/2)~ 1.06(6) 1.13(7) -0.07(9)
6394.31(10) (3/27,5/2,7/27) 0.48(3)  0.75(4) -0.27(5) 7035.28(14) (5/2)~ 0.80(5) 0.98(5) -0.18(7)
6434.51(9)  (3/27,5/2,7/27) 0.59(4)  0.80(4) -0.21(5) | 7361.15(11) (3/27,5/2,7/27) 0.50(5)  0.74(5)  -0.24(7)
6450.15(10) (3/27,5/2,7/2F) 0.213(24) 0.53(4) -0.32(4) | 7593.06(9) (5/2" to 11/27) 0.67(6)  0.57(6)  0.1(1)
6497.00(10) (3/2)~ 0.214(16) 0.123(15) 0.09(2) 7654.93(9) (3/27.,5/2,7/27) 0.79(8) 1.45(5) -0.7(1)
6528.13(9)  (3/27,5/2,7/27) 0.69(12) 1.13(6) -0.4(1) | 7938.98(10) (5/2to11/27) 1.16(12) 0.82(4)  0.3(1)
6769.77(10) (3/27,5/2,7/27) 0.45(3)  0.54(7) -0.09(8) | 8190.21(12) (3/27,5/2,7/27) 0.29((3)  0.56(4)  -0.27(5)
6782.54(10)  3/27 to 9/27 0.46(3) 0.41(5) -0.05(6) 8200.11(9) (3/27,5/2,7/27) 1.027(11) 1.29(6) -0.3(1)
6791.36(9) (5/2,7/2,9/27) 0.35(3) 0.50(3) -0.15(4) 9740.70(10) (3/2)~ 0.103(16) 0.093(1 0.01(2)
6835.43(9) (5/2,7/27)  0.99(7) 1.14(5) -0.15(9) | 10095.243(15) 7/27,9/2~ 80.3(8)  -80.3(8)

6995.53(11)  (5/2,7/2,9/2%) 0.378(25) 0.56(3) -0.18(4)

¢ Includes the intensity of multiply placed transitions,

Difference between cross section populating and depopulating levels.

48, from a least squared fit of the primary ~-ray energies from reference citeEgidy2 to the adopted level energies from

the Evaluated Nuclear Structure Data File [34].
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TABLE VI: Cross sections populating and depopulating levels in 2K from the (n,y) reaction. Level energies and J™ values are
from the Evaluated Nuclear Structure Data File [37].

Level Energy J7 In® Out® Net? Level Energy J7 In® Out® Net?

(keV) (b) (b) (b) (keV) (b) (b) (b)

0 2- 1.604(23) 1.604(23) 2607.02(6) (17,2,3) 0.0110(5)  0.0065(5) 0.0045(7)
106.828(7) 3" 0.508(9) 0.504(10) 0.004(14) 2627.85(6) (27,3) 0.0140(6)  0.0151(10) -0.001(1)
258.261(8) 4~ 0.151(6)  0.138(3)  0.014(7) | 2644.31(6) 37 0.0144(7)  0.0135(13)  0.001(2)
638.726(12) 3~  0.164(7)  0.148(9)  0.016(11) | 2653.79(11)  (27,3) 0.00095(6) 0.0041(3) -0.0032(3)
681.943(11)  (2,3)  0.234(7) 0.235(8) -0.001(10) 2718.12(6) (27,3) 0.0248(12) 0.0255(19) -0.001(2)
699.08(3) 57 0.0198(25) 0.016(3)  0.004(4) | 2765.96(6)  (2%,3) 0.068(3)  0.068(4)  -0.000(5)
783.87(20) 27 0.0448(20) 0.042(6)  0.003(6) | 2862.71(7)  (27,3) 0.0091(4)  0.0255(21) -0.016(2)
841.940(12) 3” 0.221(7) 0.237(8) -0.016(10) 2877.98(6) 3~ 0.0102(4)  0.0109(6)  -0.0007(8)

1110.747(17) 3t 0.0411(23) 0.070(5) -0.029(6) 2917.02(8) (17 - 47) 0.00493(24) 0.0040(4) 0.0010(4)
1143.59(1.9) 4% 0.0418(22) 0.049(5)  -0.007(5) | 2926.09(6)  (2,3)" 0.0097(4)  0.0074(6)  0.002(1)
1197.90(2) 4~ 0.0354(19) 0.036(3) -0.006(4) 2938.59(7) (17,2,3) 0.0097(5) 0.0087(12) 0.001(1)
1254.820(19) (2,3)" 0.068(3) 0.070(6) -0.002(7) 3008.35(7) 3 0.0137(7)  0.0128(7) 0.001(1)
1266.305(18) (1,2,3)~ 0.075(3)  0.109(8)  -0.034(8) | 3014.46(7) (1~ - 4%) 0.0098(5)  0.0116(8)  -0.002(1)
1273.54(2)  (27,347) 0.040(3)  0.053(3)  -0.013(4) | 3021.10(7)  (27,3) 0.0196(10) 0.0145(13) 0.005(1)
1375.96(10) 6" 0.00027(3) 0.00116(20) -0.0009(2) 3040.15(8) 3~ 0.0066(3)  0.0066(4) 0.0000(5)
1377.12(2)  (2,3)”  0.0474(16) 0.063(7)  -0.015(8) | 3195.82(7)  (27,3) 0.0126(6) 0.0128(7) -0.0002(9)
1400.04(5) (2,3)  0.0126(5) 0.0134(17) -0.001(2) | 3210.64(7)  (11,2,3) 0.0070(3)  0.00470(25) 0.0023(4)
1407.922(19) (17,2,3) 0.059(4) 0.053(5) 0.006(6) 3233.92(7) (3,47) 0.0121(7)  0.0095(6) 0.003(1)
1453.07(5)  (27,3,47) 0.0081(5)  0.0061(15) 0.002(2) 3284.40(7) (2,3)7  0.0146(7)  0.0197(12) -0.005(1)
1463.65(2)  (17,2,3) 0.0220(7) 0.0270(25) -0.005(3) | 3287.19(7)  (27,3,4%) 0.0042(3)  0.0102(5) -0.006(1)
1489.29(9) (17 - 57) 0.00195(17) 0.00054(12) 0.0014(2) 3295.32(9) (2,3)  0.00404(19) 0.00199(16) 0.0020(3)
1513.08(4) (17 -57) 0.0042(3)  0.0053(7) -0.0012(8) 3304.34(9) (17 -47) 0.00477(21) 0.0042(4) 0.0006(5)
1538.73(7) (3,5 0.00210(24) 0.0021(4)  0.0000(5) | 3323.74(8) 37 0.00343(20) 0.00491(25) -0.0015(3)
1692.00(4) (1~ - 57) 0.00284(17) 0.0027(4)  0.0002(4) | 3367.34(8) (0~ - 3%) 0.0065(4)  0.0051(4)  0.0014(5)
1723.42(4) (2,3,47) 0.0148(7)  0.0147(20) 0.000(2) 3418.45(8) (2,3)7  0.0276(15) 0.02564(13) 0.002(2)
1745.61(3)  (27,347) 0.0111(6)  0.0123(13) -0.001(1) | 3421.28(8) (0~ - 3%) 0.0108(5)  0.0117(7)  -0.001(1)
1816.87(3) (2,3)  0.0175(13) 0.0186(25) -0.001(3) | 3502.90(8)  (27,3,47) 0.0073(4)  0.0092(6) -0.002(1)
1842.98(3) (17,2,3) 0.0426(16) 0.049(4) -0.007(4) 3528.95(17) (07 - 3) 0.00159(10) 0.0043(4) -0.0027(4)
1861.90(2) 2- 0.092(4) 0.104(6) -0.012(8) 3621.24(9) (2,3) 0.0065(3) 0.0046(4) 0.002(1)
1913.48(2)  (27,3) 0.0118(9) 0.0116(14) 0.000(2) | 3658.59(8)  (27,3) 0.0150(10) 0.0156(7) -0.001(1)
1937.50(2) (1,2,3)7 0.046(3) 0.061(5) -0.015(6) 3674.15(8) 1~ ,2,3) 0.0089(4)  0.0087(6) 0.0002(7)
1987.97(3) (17 -47) 0.0070(7)  0.0128(15) -0.006(2) 3696.44(10)  (37,4%) 0.0147(7)  0.0115(4) 0.003(1)
2049.32(4) 3% 0.0336(16) 0.031(3)  0.003(4) | 3770.64(10) (0~ - 3) 0.00155(7) 0.00249(16) -0.0009(2)
2072.00(4)  (2,3)"  0.0482(21) 0.059(4)  -0.011(4) | 3794.64(9) (0~ -3) 0.0117(6) 0.0111(8)  0.001(1)
2161.62(6)  (2%,3,47) 0.0097(5)  0.0098(11) -0.000(2) 3798.15(10) (27,3,47) 0.00308(15) 0.00297(20) 0.0001(2)
2187.20(7) 3% 0.00343(23) 0.0031(3)  0.0004(4) | 3831.71(10) (1*,2,3) 0.00179(10) 0.00198(16) 0.0002(2)
2204.03(6)  (27,3,41) 0.0084(6)  0.0069(10) 0.0015(12) | 3861.99(9) (1~ - 4T) 0.0132(6)  0.0108(7)  0.002(1)
2238.62(5) (1,2,3) 0.0421(20) 0.047(4) -0.005(4) 3876.98(8) (17 -4%) 0.0111(5)  0.01357(5) -0.002(1)
2251.09(5) (0~ -47) 0.0133(7)  0.0127(20) 0.001(2) 3888.34(10) (17 - 4%) 0.00232(20) 0.0037(5)  -0.0014(5)
2366.19(5)  (2,3)" 0.108(4)  0.110(7)  -0.002(8) | 3890.13(9) (0~ - 3) 0.0076(5) 0.0043(3)  0.003(1)
2388.83(6) 3" 0.0185(8)  0.0226(18) -0.004(2) 3934.64(10) (27,3,47) 0.00519(25) 0.0047(7) 0.0005(8)
2401.82(5) (2,3)7  0.064(3) 0.091(4) -0.027(5) 4013.92(9) (1%,2,3) 0.0221(12) 0.0205(7) 0.002(1)
2422.13(5)  (17,2,3) 0.0334(15) 0.0373(25) -0.004(3) | 4036.93(11) 3= 0.0080(3) 0.0065(5)  0.002(1)
2482.16(5)  (1,2,3)" 0.0344(16) 0.025(3)  0.010(3) | 4039.95(8)  (17,2,3) 0.0047(3) 0.0057(5) -0.001(1)
2573.63(6) (2,3) 0.0076(4) 0.0079(8) 0.0003(8) 4053.90(9) (1%,2,3) 0.00474(25) 0.0040(3) 0.0007(4)

@ Includes the intensity of multiply placed transitions, ® Difference between cross section populating and depopulating levels.
¢ Level placement from ENSDF [34].
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Level Energy J7 In® Out? Net® Level Energy Jr In® Out? Net®
(keV) (b) (b) (b) (keV) (b) (b) (b)
4103.77(10) (1~ - 4T) 0.0051(3)  0.0031(4)  0.0020(5) | 4878.6(3) (1% - 4*) 0.00196(20) 0.0058(3)  -0.0039(4)
4105.3(4) (0~ - 3) 0.00353(20) 0.00383(21) -0.0003(3) | 4903.70(10)  (37,4%) 0.00191(20) 0.0036(3) -0.0017(3)
4128.34(9)  (2+.,3) 0.0317(15) 0.0311(10) 0.001(2) | 4938.98(10) (17,2,3) 0.00196(25) 0.00398(19) -0.0020(3)
4152.39(9)  (27,3,47) 0.0100(5)  0.0094(3)  0.001(1) | 4942.98(10) (1~ - 47) 0.0030(3) 0.0032(4)  -0.0002(5)
A154.67(11)  (17,2,3) 0.00328(20) 0.00408(23) -0.0008(3) | 4959.65(10) (0~ - 4%) 0.0018(6)  0.00165(8)  0.000(1)
4179.44(10)  (27,3,47) 0.00252(15) 0.00152(16) 0.0010(2) | 5003.00(10)  (17,2,3) 0.0050(5) 0.0048(3)  0.0002(6)
4250.12(10)  (17,2,3) 0.00183(11) 0.00356(18) -0.0017(2) | 5064.02(10) (1~ - 4%) 0.0046(4)  0.00678(23) -0.0022(5)
4389.78(15) (27,3,4) 0.00429(20) 0.00299(18) 0.0013(3) | 5081.27(10)  (17,2,3) 0.0035(4)  0.00287(13) 0.0006(4)
4416.61(9)  (27,3) 0.0192(10) 0.0168(6)  0.002(1) | 5097.05(10) (0~ - 3) 0.0050(5) 0.0051(3) -0.0001(6)
4428.25(9)  (1%,2,3) 0.0131(6) 0.0121(6)  0.001(1) | 5179.14(10) (0~ - 4+) 0.00202(20) 0.00183(20) 0.0002(3)
4443.15(10) (0~ - 4T) 0.00323(20) 0.0034(3)  -0.0002(4) | 5246.64(10) (1~ - 4*) 0.0070(7)  0.00380(18) 0.003(1)
4481.05(10)  (2,3)  0.0122(6) 0.0088(5)  0.003(1) | 5318.96(10)  (27,3) 0.0027(4)  0.00398(19) -0.0013(4)
4556.67(10)  (17,2,3) 0.0082(8)  0.0078(5)  0.0004(9) | 5476.94(10)  (1*,2,3) 0.00096(15) 0.00089(7)  0.0001(2)
4576.26(10)  (2,3)  0.0055(5)  0.0067(3) -0.001(1) | 5630.28(10) (0 -4T) 0.00078(13) 0.00115(12) -0.0004(2)
4590.59(10) (27,3,4%) 0.0065(6)  0.0109(4) -0.004(1) | 5697.23(10) (0 - 4%) 0.0021(3)  0.00377(16) -0.0017(3)
4612.78(11)  (2+,3) 0.0038(11) 0.0062(4) -0.002(1) | 5710.62(10) (27,3,4%) 0.0051(7) 0.0034(3)  0.002(1)
4660.73(13)  (27,3) 0.0040(4)  0.00299(19) 0.0010(4) | 5759.70(10) (0~ - 4*) 0.0024(3)  0.0042(3)  -0.0018(4)
4715.41(17)  (27,3) 0.00151(15) 0.00182(15) -0.0003(2) | 5789.71(10) (0 - 4%) 0.0032(4) 0.0026(3)  0.0006(5)
A748.54(13) 37 0.00177(20) 0.0042(3) -0.0025(3) | 5846.59(10) (1* - 4+) 0.00064(11) 0.00110(11) 0.0005(2)
A778.04(12) (17 - 4T) 0.00237(25) 0.0043(3)  -0.0019(4) | 5953.51(10)  (1-4F) 0.0046(7) 0.0054(3) -0.001(1)
4806.84(10) (0 -3)~ 0.0171(15) 0.0136(6)  0.004(2) | 5978.36(10) (1 -4%) 0.00182(25) 0.00382(23) -0.0020(3)
4853.60(10) (0 - 3)~ 0.0095(10) 0.0055(3)  0.004(1) | 7533.820(10) 1+2+ 1.434(10)  -1.434(10)

@ Includes the intensity of multiply placed transitions, ° Difference between cross section populating and depopulating levels.

¢ Sy from a least squared fit of the primary vy-ray energies from reference [4] to the adopted level energies from
the Evaluated Nuclear Structure Data File [37].



TABLE VII: Previous *'K(n,y) cross section measurements

Author oo (b) o~(1525)* (b)
Seren 1947 [42] 1.040.2
Pomerance 1952 [31] 1.1940.10
Lyon 1960 [43] 1.45
Kappe 1966 [44] 1.50+0.05  0.266(8)
Koehler 1967 [45] 1.240.1
Ryves 1970 [46] 1.464+0.03
Gleason 1975 [47] 1.43+0.03  0.257(5)
Gryntakis 1976 [48] 1.2840.06
Heft 1978 [49] 1.4340.03  0.252(5)

Kaminishi 1982 [41]  1.5740.17
De Corte 2003 [50]  1.4240.02  0.263(2)
Mughabghab 2006 [29]  1.464+0.03

@ ~-ray cross section from activation experiments.

TABLE VIII: Potassium total radiative thermal neutron cap-
ture cross sections measured in this work. Two methods were
employed to correct the observed feeding to the ground state
for the unobserved statistical feeding. An ”experimental”
value (column Expt) was determined by correcting the ob-
served ground state feeding from unplaced and subthreshold
~-rays estimated from Monte Carlo simulations. A ”statis-
tical” value (column Stat) was obtained by correcting the
ground state feeding with the calculated statistical feeding
from levels above a level excitation energy Ecrit below which
the level scheme was presumed to be complete. Both methods
give comparable values and the most precise value is adopted
here (column Adopted).

target aP® (b) oo (b) oo (b)

GS Unplaced Expt Stat  Adopted
K 2.252(16) <0.056 2.28(4) 2.35(15) 2.28(4)
K 86(7) <7 90(8) 90(7)  90(7)
MK 1.604(23) <0.035 1.62(3) 1.56(15) 1.62(3)
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