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ABSTRACT

The neutron capture cross sections of the stable neodymium isotopes
have been measured with high energy resolution in the keV region at the
40 m station of ORELA. Average resonance parameters are extracted for
S-wave resonances.

Significant positive correlations are found between Fg and TY for
all isotopes. The magnitude of the observed correlation coefficient,
particularly for 14204 (p = 0.9), cannot be explained in terms of valence
neutron capture and additional mechanisms are discussed.

The average s-wave radiative widths for the odd-A isotopes are
markedly greater than for the even-A isotopes, while the p-wave radiative

width for 1%2ng is considerably less than the s-wave width.
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1. INTRODUCTICN

The neutron capture cross sections for the isotopes 142,143,144,145,
146,148N3 have been measured in the keV region with the high resolution
(AE/E £ 0.2%) available at the 40 m station of the 0Oak Ridge Electron
Linear Accelerator (ORELA). The neodymium isotopes occur near the peak
of the 4s neutron strength function, and the N=82 shell closure at 1425
ensures that final 3p levels contain appreciable fractions of the single
particle configuration. Therefore, valence neutron transitions [Lynn 1968]
between the initial s-wave resonances and final p-wave levels can be
expected to occur in radiative neutron capture. However, in the neigh-
bouring closed-shell nucleus 138pa, valence effects could account for neither
the disparity between s- and p-wave radiative widths, nor the correlation
observed between neutron and radiative widths. A further nonhstatisﬁical
contribution to the s-wave radiative widths was indicated [Musgrove et al.
1975]. The extension of that study to the isotopes of Nd is therefore of
considerable interest in the study of possible doorway state contributions
to radiative capture widths.

The nucleus '%*2Nd is of further interest from an astrophysical view-
point since it, along with 13%Ba ang 13633 {see discussion in Musgrove
et al. 1976a), is formed exclusively by the s-process of nucleosynthesis
[Burbidge et al. 1957]. The solar system abundance of 142Nd is thus
inversely related to the kilovolt neutron capture cross section and the
present measurement is the first information relating to this cross
section. Previously, semi-empirical estimates, which were subject to
censiderable uncertainties, were required for this cross section [Allen
et al. 19711.

The high resolution transmission measurements of Tellier [1971] provided
neutron widths for use in the analysis of the capture data, so our analysis
has provided many radiative capture widths for all isotopes studied.

2, EXPERIMENTAL DETAILS

The capture y-ray detector, located at the 40 m station of ORELA,
utilised a pair of fluorocarbon liquid scintillators with low sensitivity
to scattered neutrons and typically ~15 per cent efficiency for detecting
the y-ray cascade. The efficiency is made approximately independent of the
y-ray multiplicity by assigning calculated weights to the detected events
as described in Macklin et al. [1971l]. and Macklin & Allen [1971l]. The
efficiency of the device was calibrated using the saturated resonance

technigue for the 4.9 eV resonance in 1974,



The data were corrected for dead time effects and normalised with
respect to the 6Li(n,u) cross section as described in previous papers
{listed in some detail in Boldeman et al. {1975]). The absolute error in
normalisation for the present runs is expected to be better than 10 per cent
and we have assumed a 10 per cent normalisation error in the quoted results.
All targets in the present series were enriched oxide samples, details of
which appear in Table 1.

3. ANALYSIS

A typical sample of the experimental data is given for 14214 in
Figure 1 along with the calculated fit. The analysis (described in more
detail in Musgrove et al. [1974]) uses a Monte Carlo code [Sullivan et al.
1969] to correct each resonance in the capture yield data for multiple-
scattering and self-shielding effects. An iterative fit to the observed
capture area is performed by varying the smaller of the input guesses for
I‘Y and Fn and finally the corrected capture kernel anry/F is obtained.

The time~dependent background is assumed to be linear beneath each
resonance and a further correction is sometimes required to account for
prompt detection of neutrons. In the present case, this correction can be
ignored in comparison with other sources of uncertainty. The multiple-
scattering correction is also negligible and the Pn values supplied by
Tellier [1971] allow a close estimate for the self-shielding losses.
Statistical errors are typically <3 per cent and so contribute little to
the overall error. The gquoted errors for resonance energies are determined
from the consistency between our data and those of Tellier and are not meant
to represent the accuracy with which we can determine the centre of the
resonance peak, which is considerably less than the quoted errors.

In most cases, the neutron widths of Tellier gave fits consistent with
our data and therefore we did not attempt to extract a neutron width from a
resonance-shape analysis in those cases. However, some exceptions are noted.
The Pn data of Tellier are generally more accurate than we could provide.

For resonances having Fn < Fy' the average value of PY was used in our
analysis to determine an. The agreement between our data and those of
Tellier is not so good for these resonances which can be difficult to
analyse accurately in transmission.

‘We detected a number of resonances not seen by Tellier, and most of
these we ascribe to p-wave neutron capture, for which the sensitivity of
the present experiment is far greater than in transmission. Also, parti-

cularly in 1“2Nd, we assigned some resohances as p-wave which were observed



in transmission. We assumed that all rescnances having anFY/F 2 1.7 <FY>
had spin weighting factor g = 2 for our analysis. This assignment was in
most cases strengthened by a small neutron width measured in transmission
which gave high p~wave probkability from a Bayes' theorem test, as described
in Musgrove et al. (1974},

We were also guided in some spin assignments by probabilities based
on the Wigner level spacing distribution. In cases where two levels are
spaced more closely than <D>/10, there is less than 1 per cent chance
that they belong to the same (L,J) sequence. Hence, if one is known to be
s-wave, the other is likely to be p-wave.

For the odd-A isotopes, Tellier gave only values for an and our
analysis proceeded by assuming g = 0.5 and the appropriate Fn.

Capture cross sections averaged over convenient energy ranges were
obtained by summing the calculated capture areas AY = 2712 x2 rnry/r, in
regions where few resonances were undetected. BAbove that energy, the
background was subtracted and average self-ghielding and multiple-scattering
corrections were applied to the integrated capture yield to cobtain the
capture cross section. At high energies, the uncertainty in the background
subtraction is an increasing factor in the cross section error. The
measured cross sections are given in Figures 2-6 and are compared with a
calculated statistical model cross section using the best set of average
resonance parameters for each isotope. For lusNd, the high level density
made the background subtraction technique uncertain, and even summing the
capture areas of the cbserved resonances leads to a consgiderable under-
estimation of the cross section, owing to missed levels.

4, RESULTS

The resonance parameters for the observed resonances are given in
Tables 2-7 and compared with the data of Tellier [1971]. The average
resonance parameters from the current data are given in Table 8 and are
discussed briefly below. Also given are the average 30 keV capture cross
sections since they are of astrophysical interest.

4.1 Average s-wave Level Spacings

The average s-wave level spacing is an important parameter in cross
sectional calculations. The systematics have been studied using a modified
free-gas approach by Gilbert & Cameron [12965] who found that the level
density parameter a, related to the density of single particle states near
the Fermi enerqgy, was proportional to the shell correction energy found in

semi-empirical mass laws. In Table 9 calculated values for the level density



parameter for the Nd isotopes are compared with the values cbtained in the
same exercise by Karzhavina et al. [1969],.

Also, for comparison, this parameter was calculated for neighbouring
isotopes of Ba [Musgrove et al. 1976b] and Eu [Rahn et al. 1972]. The
quantity a/a is plotted versus the Cameron shell correction energy [Cameron
1958] in Figure 7, along with the Gilbert & Cameron universal fit for unde-
formed nuclei [Gilbert & Cameron 1965]. All but one of the Nd isotopes fall
below the line, as do all the Sm isotopes. On the other hand, the Ba and Eu
isotopes lie above the line. A simple correction procedure involving an
alteration to either the pairing or shell energy for each Z value could
improve the fit to the data. There are alsco some indications that even-
odd effects have not been fully removed.

4.2 Neutron Strength Functions

The s-wave neutron strength functions given in Table B are mostly based
on neutron widths from Tellier [1971], however our values for 1*°Nd and
146Nq are somewhat greater than his. We also obtained p-wave neutron
strength functions for 42,1439 and ¥Nd which are in line with the
trend established in the Ba isotopes [Musgrove et al. 1976b]. A pene-
trability radius R = 1.35 11\1/3 f was used to calculate the reduced p-wave
neutron widths and, in each case, a correction of order 10-15 per cent
was made for missing weak levels.

4.3 Average Radiative Widths

In lqud, we find a congiderable enhancement of s-wave radiative
widths over the p-wave widths. Comparison with 138Ba, a neighbouring
closed shell nucleus, shows that the amount of enhancement has decreased
sharply, as has the average s-wave level spacing. Average p-wave radiative
widths could not be obtained for the other Nd isctopes.

The 1**Nd s-wave width is close to the p-wave width found for lusz,
whereas both odd-A nuclei have significantly greater radiative widths than
their even~A neighbours. No such even-odd effect is predicted by the
semi-empirical formulae designed to give statistical model radiative widths
[Benzi et al. 1974].

Previous measurements of radiative width at lower neutron bombarding
energies do not show a significant even-odd effect [Karzhavina et al. 1969,
Rohr et al. 1971, Mughabghab & Garber 1973]. Our width for 1%*3Nd is about
10 meV greater than the low-energy average but, for 1”5Nd, our value
is about 20 meV greater than the previous average. 1In addition, our

radiative widths for 14Hr146,148y4 teng to be somewhat smaller (by 10 meV}



than the average of the earlier measurements [Karzhavina et al. 1969].

4.4 Correlations and the Valence Theory

The high correlation coefficient p(Fg,TY) = 0.9 found in !%2nd for 24
resonances is strongly influenced by the large values for both widths from
the 30610 eV resonance. It is of considerable interest to calculate the
total valence width for this resonance using the optical model [Lane &
Mughabghab 1974] and the formalism of another paper [Musgrove et al. 1976c].
The valence width between initial and final single particle states, labelled
i and j, can be written :

ry. . =aq,. B2 .z2/a2.82 19, e ()
Y1] 13 7vi] J ni
where E_Y is the y-ray energy, B% is the final state spectroscopic factor
and ng is the reduced neutron width for the s-wave initial state. The
quantity qij is calculated from the optical model and contains radial
and angular integration parts of the dipole matrix element. Summing
Equation (1} over final pyb ’ p%b levels, using spectroscopic factors
from Christensen et al. [1967], Nealy & Sheline [1967] and Booth & Wilson
[1975], we write :

v 0

Pvi = Qi I‘ni . vea (2)

The calculated values for qij' Qi are given in Table 10 for 14248,  The

qij are energy dependent, decreasing with increasing bombarding energy as

shown in Allen et al. [1976]. The value quoted was calculated for En = 10 keV.

The reduced neutron width for the 30610 eV resonance is 2.09 eV and,
using the Qi in Table 10, the total valence width for this resonance is
found to be 73 meV. Although large compared with the average s-wave
radlative width in 1*2Nd, it accounts for less than 20% of the yY-decay
for this resonance.

For the other neodymium isotopes, a rough estimate can be made for
the valence component of radiative widths using the value Qi = 0.035,
found for %2Nd. 1In Table 11 the calculated valence widths are given for
the largest resonances in each isotope and, for comparison, the calculated
average valence width as given by :

\'4

= <D>
<F7i> Q; S, ' .aa (3)
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where So is the s-wave neutron strength function and <D> the average level
spacing.

The observed correlation coefficients p(Pg,PY) are considerably
greater than expected on the basis of the valence theory. In particular,
142N3 has the greatest measured correlation coefficient (p = 0.9), yet
a Monte Carle simulation, which included a valence term in the radiative
width, found less than 0.5% chance of measuring a correlation coefficient
p(Fg,FY) greater than 0.8.

Evidently a further contribution to the s-wave radiative widths is
responsible for the large radiative width enhancement found in 1%2na and,
in particular, for the 30610 eV resonance in *2Nd. The process has a
transition probability proportional to the reduced neutron width in the
initial state and could be interpreted qualitatively as one where the
incident neutron in the entrance channel undergoes an El transition, to a
particle-hole excited state in the final nucleﬁs, as described by Beer
{1971].

If the final state correlations were found to be low, the existence
of initial state correlations could be attributed to the presence, in the
final p-wave states, of (p~h) configurations coupled with the 4s incident
neutron, which would be fed directly from the entrance channel.

Alternatively, one could envisage the entrance channel wave Ffunction
having several target excitation components. The proton configuration of
neodymium is not magic, so there are a number of possible orbits for the
protons to occupy near Z = 60. Since, in general, different proportions
of these configurations are present in the final states (after y de-excitation)
it is possible to reproduce any measured correlation coefficient by suitably
adjusting phases and magnitudes of the various configurations in initial
and final states.

To give two examples of the latter process; the 285i data near 750 keV
have recently been interpreted [Halderson et al. 19761 in teérms of valence
capture wherein the measured neutron widths have been reduced by an out-of-
phase component which does not contribute to the y-ray widths (i.e. the
valence calculation will underestimate the magnitude of the valence width).
On the other hand, the ELTTR data was interpreted [Musgrove et al. 1976c] as
showing that the measured neutron widths had been increased by a significant
in-phase component which resulted in the valence effect being overestimated.

A decision between the alternative mechanisms propecsed above, would

require y-ray spectra measurements (particularly for the “2Nd 30610 ev



resonance). The thermal capture cross sections of 14254 and 1"*%Nd (18.7 b
and 5 b respectively) indicate, in each case, that the thermal capture
data reflect the decay properties of nearby s-wave resonances. The thermal
capture spectrum for 14239 [Gelletly 1974, Mirza et al. 1975] is somewhat
different to that observed from the neighbouring 138B3 and %0ce [Gelletly 1974)
which have low thermal cross sections, but the strong El lines to final p-wave
states typical of direct capture. In 14244 more strength is taken up by
transitions to the more highly excited levels containing the single particle
final state configuration. Depending on the choice of final state spectro-
scopic factors [Christensen et al. 1967, Nealy & Sheline 1967, Booth &
Wilson 1975] the correlation coefficient between reduced y-ray intensities
and final state spectroscopic factors can range between O and 0O.6.

The final state correlation coefficient for the thermal transition
strengths [Najam et al. 1975] of Ihng is only 0.2 * 0.3. In neither case
can one decide definitely, on the basis of the final state correlation
coefficient, which of the alternative mechanisms is responsible for the
initial state correlations observed in these nuclei.

We remark finally the apparent presence of correlations in the odd-A

isotopes, 153,145y,

These are enclosed in parentheses in Table 8 since
the quantity calculated was p(ng. gry). For 143nd, several low energy
resonances have measured J, Fn and FY [Rohr et al. 1975])]. The fourteen
resonances with J1r = 4  have a measured correlation coefficient p(Pg,FY) =
0.34, while the seven resonances with 3" = 37 show zero correlation.
Significantly, the neutron strength function for the J" = 47 resonances
is almost twice that for the J"T = 37 levels.
5. CONCLUS IONS

The present study of 'radiative capture in the neodymium isotopes has
increased the range of mass numbers over which correlations of the type
D(Fg, PY) have been observed. The usual valenée modei appears to be unable
to explain the magnitude of the correlations and a further process must
be involved, '

The s-wave radiative widths also show a significant even-odd effect

which cannot be explained in current statistical models.
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TABLE 2

Nd RESONANCE PARAMETERS

E T T /T
gl Y/ T, rn PY [ g
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TABLE 2 (Cont'd)
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E
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31940+10 106120

E 9T, T /T oT_ r_ r ) g
{eV) (meV) {meV) (mgy) {meV}

25400£10 88+11

25620£10 558

2570010 81410

2576010 4847 (25700) | 25670£3000 | 48+7 of?

26450+10 | 10115 a | @

26580110 | 183+22 (21050} | 21050%2500 [185£25 ot

27310410 | 106%18 (1) (2)®

27730£10 59+18

a)Value given in Karzhavina et al. [1969] but not included in

compilation of ﬁughabghab & Garber [1973].

b)Not present in our data.

c)}\ssumed g=2 from value of anFY/P and Fn upper limit from

Tellier [1971].
d)

Approximate or assumed value.

e)1.=‘rom Bayes' theorem calculation (confidence level > 28%) .

f)From Tellier [1971].




TABLE 3

'“INd_ RESONANCE PARAMETERS
E or, I /T 29T _ 29T - 29, | 2 a)
(eV) (mev) {meV) (mg;l) {(mev)
259443 6.6£0.7 | 17:3 1
261143 4.240.4 912 1
263443 6216 (2840) | 28402100 | 130:15 | o
270643 6.10.6 | 1443 1
271523 3143 (720) 720£40 689 | 0
276113 4915 (6340) | 6340%300 | 10015 | 0
279843 6.240.7 | 1423 1
281143 1842 (325) 32530 406 | 0
282243 23%3 10030 (Q)
286843 2643 135440 (0)
287743 5216 (3270) | 32702120 | 108#13 | o
291443 2843 (1085) | 108560 58t7 | o
296743 4.5£0.6 9+2 1
299843 20+2 76+10 {0}
304043 12¢1 3316 1
304643 535 (2830) | 2830100 | 111%16} o
307413 4515 (1035) 1035460 Q99+]s o]
31193 334 (555) 55550 76:11.| ©
318613 4715 | (2380) | 2380%100 9815 | 0
319843 39:4 (560) 560150 92+14 | 0
323423 364 (1570) | 1570280 75310 | ©
328043 1842 62420 1
3295%3 6016 2400£800 1625%90 125+15 | ©
332243 311 6.5:2 1
336643 5.5+1 1412 1
338643 394 (2300) | 2300:100 81411 | o




TABLE 3 (Cont'd)

B gl‘nl‘.r/l" 29T 29T, 291‘Y [}

{eV) (meV) {meV) (mS;J) {meV)
342913 3314 (215} 215430 95113 0
345843 2743 150+50
3465%3 3343 (975} 97560 71+10 0
34983 2043 ~70 (1)
3512+2 37+4 (1690} | 1690+100 76+10 )
3545+3 7+l 17+3 1
3569+3 2813 (250) 250150 71+10 0
3632%3 3ot4 (1670} | 16701100 75+10 Q
36483 2513 120350 (0)
369613 1042 26+4 1
3707%3 48+5 (2370) | 23704120 10115 4]
371943 37+4 (2060) ) 2060£120 7610} O
373843 51 11£3 1
374613 541 12+3 i
377143 14+2 42+8 (1)
378243 28%3 (440) 440160 6410 o]
384023 3013 (225} 22545 84+10 0
3886%3 384 {(1120) | 1120480 81+10 0
39003 23%3 100+30
391743 éil 2023 i
3958+3 39+4 (550) 550460 92£]12 0
401143 8+1 203 1
402213 5816 (4380} | 4380200 120115 0
4033+3 1514 (1770} | 1770120 72:10 )
40503 9fl 23+4 1
406443 415 (2340) | 2340%120 84+11 0
40893 11+2 3016 1
4111+3 344 (215) 215t60 Q8+16 0




TABLE 3 (Cont'd)

E grnry/r 29T 2T 29T,
(eV) (mev) (meV) {meV) (meV)
b)
413613 3414 (970} | 970+100 73110
4145+3 3214 (910) 9104100 69410
420043 6+1 1412
420943 132 37:8
421343 4745 {6480) | 6480300 95412
424743 3244 (1240) | 1240100 68110
4337+3 3614 {3240) | 3240150 74%10
434243 304 200450
439943 28+3 (230) | 230250 74212
442043 4715 (1500) | 540%75 10115
443043 411 942
444543 7£1 1723
446343 2643 135£40
4478+3 3544 (730) | 730%90
452143 2043 (240) 240160 76110
456043 2543 (250) 250450 64+10
460143 3614 (750) 7502100 79410
461243 5316 {1160) | 1160#100 | 11620
466313 1842 62#10
469143 3414 (2630} | 2630150 6910
473143 2243 9030
474943 5045 ~2000 | 720270 105413
4782%3 911 234
483643 3544 ~400
484613 5346 (5450) | 5450+300 108413
489743 4115 (6200) | 6200£300 84+10
490943 1022 2645




TABLE 3 {cont'd}

E

2gT

n n Y
{eV) (meV) {meV) '(mig) {meV)

493443 2613 135440

496613 61 1412

499213 4345 (5070) | 5070£300 89+12

50043 1242 3317

5017+3 3944 (1780) | 1780+180 82412

a)

f-values determined by Bayes' theorem

calculation (> 98% confidence level).

'b)

From Tellier [1971].
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TABLE 4

Nd RESONANCE PARAMETERS

E

a)

anPY/F an Fn I‘Y £ 4
{eV} (mev) {meV) {meV) (mev)
da)
276242 6310 400031000 |4030+200 ]e€5:10 | o
2055¢2 | 13.521.5 20452 (1)
b}
306343 310.5 3:0.5 1
b)
3293:3 4.240.5 5+0.,5 1
353815 4318 15500+1500 |15000¢750 |43:8 | o
362943 1.0%0.8 1612 1
3737+3 2643 (1360) 1360160 |26+4 | 0
375043 1142 15+4 1
423743 1042 13332
460243 2043 -go®
474343 2823 (275) 275850 | 316 | (0)
493016 6710 (242000 | 24200t1000 |67¢10 | o
495543 3444 ~100%! 1
b)
5148%3 1943 3317 1
530543 731 102" 1
56504 3945 (3360) 33604200 |40%5 | ©
b) '
5843+4 2243 4348 1
61066 627 (13000) |13000t1000 |62¢7 | o
613824 2543 5610 1
b}
674744 1943 3347 1
67784 5536 1502 1 2
678810 4515 (48000) 480002250 | 45:5 | 0
70234 3614 2052
705515 3514 (3443) 34431350 |35¢4 | ©
b)
718124 1542 2545 1
7408+4 3044 -90 1




TABLE 4 (Cont'd)

a)
E
gI‘nry/I‘ gI‘n I'n I‘_Y A g
{eV) (mev) {mev} (meV) {meV)
d)
748144 3644 (5160) 5160+500 | 3644 |0
7818+4 2443 51210”) 1
b}
796544 1242 1644 1
819018 5547 (14315) 14315+750 | 55¢7 |0
82304 2143 3918b) 1
b)
8405+4 2543 5610 1
886545 3915 (3100) 3100$#500 | 395 |0
8876+4 2243 502102 1
91304 2844 .a0®
924544 23+4 47+9 b}
9300%4 9+3 1124 P 1
b)
9345+4 2644 62+12
937548 3615 {36300) 3630011750 | 3645 0_
b)
95333 1413 2515 1
a560%5 3214 2516 b)
9740+10 7749 (47850) 4785042500 { 77+9 | O
9961+5 1944 -go? 1
b)
100405 21+4 3918 1
1012845 6117 ~2002" 1 | @9
. C
1070515 73+8 {1000} 40$+101{ 1 (%
10711110 4616 (58500) 58500£2500 | 4646 [0
1126015 6417 (18530) 18530¢750 | 6447 [0
c
1141045 607 {2000) s1t10 (1) | @9
1166045 31+6 {15900) 15900+1000 | 3116 | O
1174015 3345 {1000} 3510




TABLE 4 (cont'd)

a)E—values determined by Bayes' theorem (> 98% confidence level).

b)an calculated assuming <PY> = 45 mevV,

)g=2 assumed from gI‘Y for this analysis. These resonances

are not seen in total cross section.
(an) - indicates assumed value

9 prom Tellier [1871].



TABLE 5

14549 RESONANCE PARAMETERS

E 9T, T /T T 2qT 29T,
(eV} (mev) {meV) {meV) (mev)
b}

259213 18%2

260443 344 (560) 560160 7748

262313 1942

268413 2413 {410) 410445 547

2708%3 1542

273613 32t4 (420) 420150 7549

274543 334 (620) 620460 7448

275543 2713 (600) 600£60 60+7

2781+3 5545 {5660) 5600£400 | 11112
279243 1844 {3190) 3190£300 | 79110
281943 1642

a)

283943 7948 3000£1000 | 4625+250 | 167425
2882+3 42+4 {2700) 27004150 | 8649

289313 3544 {1095) 1095+100 | 7418

200743 1642

2921%3 344 (940) 940£100 | 74%8

293513 85+9 (7640) 7640£300 | 173%20
205943 2242

299543 42+4 (1360) 13604100 | 8919

300543 1742

302343 4244 {(3100) 3100£150 | 8519

304843 5315 {1230) 12304100 | 116415
30643 4014 {415) 415160 99410
3075£3 2943 {950} 95030 6247

310923 31#3 {480} 48050 7248

311943 4245 (1620) 1620180 §8110




TABLE 5

(Cont"'d)

E anry/P Fn 2gI‘n 2(;1‘_Y
{eV) (meV) {meV) (TSV) (meVv)
314613 11+2
31673 364 {1500) 1500%75 7749
3182%3 36+4
319613 19%2
3221%3 6918 {910) a10£60 164120
324343 - - 8802100
325243 5616 (1980) 198041120 | 119415
325843 18+2
3288%3 42*5 (2200) 22001100 87+10
33073 36%4 {250} 950480 78410
3328%3 394 {1100} 1100£30 84110
3346+3 1942 3015
336943 2833 {460) 460145
339533 313 (lOOO)a) 6610
3406%3 3143 (2600)a) 3600+£100 64+7
34373 1012
3454+3 3444 {810) 810160 74+10
347743 3414 {1480) 148080 7219
351343 5746 (1680) 1680+£100} 122%15
352713 64x7 (1500) 1500%120| 141%20
3540%3 4415 {500) 107120
355343 1042
359213 263 {560) 560+60 57+8
360913 3013 {580) 580160 6618
36433 24#*3
366313 35+4 (1510) 1510+150 7249




TABLE 5 {cont'd)

E gI‘nFY /T Fn Zgrn 2gl"Y
{eV) {meV) (meV) (E?V) (meV)
3683%3 364 (1500) 1500+100 7519
3697+3 37+4 {550) 55060 8610
374743 7148 {(3270) 32701120 | 149%18
379613 27+3 (1450) 1450100 56+7
3817+3 3614 (1770) 17701120 7619
3824+3 34+4
385613 1712 {1010} 10201100 3545
3859+3 14%2
3870%3 41+4 {7440) 7440%200 8419
387913 2543
390413 546 (520) 52060 13816
3936%3 29+3
3954+3 6247 (5030) 50301250 | 126%15
3978+3 4915 {8170) 8170+400 99+12
39823 4215
400443 7318 {3060) 3060+200 | 15320

a)l

b)

Note difference in Pn values

From Tellier [1971].
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TABLE 6

Nd RESONANCE PARAMETERS

E oT,I\/T or, r_ r )
(eV) FmeV) {ineV) (m%X) {mev)
2585420 8515 (32600) 32600%500 8515 0
278843 81 1021°) 6520 1
2034%3 1041 1245 1
2976%5 45%4 5000£1500 3580+200 45t5 0
3153+3 4t] 541 1
3242£3 38+4 (2190) 2190200 3915 0
503£3 1942 24+4P) 1
3543£3 741 g1 1
3598£3 a1 5417 1
3642£3 5048 (25675) 25674790 50:8 0
3833£3 11#1 15¢3°) 1
395245 11£2 {4910) 4910200 0
3973410 8310 (12300) 12300£400 0
(4033) - 420460
4069+3 111 1543 320460 0
419843 18+2 301-10}") (1)
43713 1411 2143 1
450723 1842 (1)
455743 6+1 742 1
4717+3 13+1 1943 1
501543 8+1 1042 1
506443 7047 (3490) 34904150 7147 0
516443 5846 (2640) 2640+150 5947 0
5176+3 13+1 1
5228#+3 2313 1000+500 23:10 1
5362+ 3 1842 1
538943 1241 1




TABLE 6 (Cont'd)

E gr, T /T grn T, r @)
{eV) {mev) (meV) {meV) {meV)
b)

5437+3 8649 {6370) 63702250 87+10 0
548613 24%3

564513 13%2 1
58703 741 1
5951%3 2743

604915 1813

617745 24+3

62685 28%4

635710 65t8 (10200) 104004900 6548 0
6598%10 4346 (14500) 14500£790 4346 0
66235 233

67395 254

68845 10%2 1
7016%5 406 (2680) 2680+150 40+6 0
7205%5 132 1
7251%5 304

7290%5 16+2 i
7347%5 16%3 1
737245 2914

746345 16£3 1
759645 21+4

771745 3144

7863%5 41+5

7886%5 3915 {3610) 3610200 395 0
79315 314

7991%5 1243 1
B045+5 13£3 1




TABLE 6 {(cont'd)

E gT, I /T gl r r, Y
{eV) {meV) (meV) {meV) (meV)
b)

8080+5 4t2 1
81865 13+3
846615 274 (2315) 2315%225 27%5 o
8500%5 32%4
853315 20t4
862315 6217
865315 38t5
9085%6 23+3
9143%6 29t4
9270+10 578 (5135) 5135+600 588 0
943316 2814
954316 33+4
268516 4015 (2100)‘ 2100#250 40t6 0
9800+6 17+3 (1)
981316 47+7 {19480) 1948011000 477 0

b}

a)

f=values determined

From Tellier [1971].

from Bayes' theorem (>98% confidence level).
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TABLE 7

Nd RESONANCE PARAMETERS

r
E anPY/P an Tn ¥ 22
{eV) {meV) (meV) {meW? {meV)
d}
b}
2710%3 1442 22+8 (1)
b}
27723 1112 12+3 1
2784%3 3614 {1410) 141050 37x4 0
2989+3 364 (2170) 2170+100 36t4 0
30453 2%1 Ztlb) 1
3065+3 6x1 712b) 1
3121%3 24+3
317043 2012
b)
335513 1212 1745 i
b
344213 7+l 8+1 ! 1
3484+3 30+3 (665) 665+ 30 3115 0
3612+3 6+1 7ilb) 1
3645+3 28+3
b}
3769+3 a+] 5+1 1
381213 2943 {430) 430430 31+4 0
b
3837+3 9t} 12%3 ) 1
3891+10 34+4 ZSOOiSOOC) 19150+ 750 3515 0
’ b)
3972+3 3+1 4t1 1
394843 4:+1 4ilb) 1
b
4027+3 ot1 121 ) 1
407310 6617 (17545) 17545+400 677 0
b
4145%3 11+1 15+5 ) 1
4267%5 4615 (7200) 7200+400 4615 o]
b}
430713 11+2 16+5 1
b}
4403+3 7t1 8+l 1
44205 4715 2500500 1490175 47+5 0
b)
444213 7+l 81 1




TABLE 7 (Cont'd}

E g[‘nI"{/I‘ gl"n I‘n I‘Y ga)
{eV) {mev) (meV) (TB.?V) {meV)

4522%3 3£1 451 1
456513 251 2012 1
461943 11£2 1541° 1
465346 38t4 (4865) 48654250 3814 0
469143 3584 (900) 90050 3745 0
48073 31 1
4838+3 2312 (45) 45%7.5 (46) {0)
50413 1942

506843 22+3

5222+3 1242 18:72) 1
5292+3 4114 (3775) 3775150 4124 )
530243 16+2

5401+ 3 2343

546043 3244 (1590) 15904150 3244 0
563243 541 6+1P’ 1
5669t 3 B1+8 4000:1000" | 1030575 8318 0
578843 3044 (255) 255£90 3446 0
593343 23£3

5964+3 1542

606845 652 g:3°) 1
60938 4515 (5355) 53554250 46+6 0
613345 542 62P) 1
616545 4+2 42" 1
621345 31 41> 1
63135 1042 14+4> 1
634345 23:3

641545 922 1243




TABLE 7 (Cont'd)

E anFY/F gf T PY @)
(evV) (meV) {mev) (mgy) {meV)
646045 542 6x2P) 1
6490+5 37+4 {495) 495+100 4015 0
654545 2+2 2:2°) 1
b)
662015 12+2 1815 1
6640+5 39+5 (3670) 3670150 3915 0
6763%5 24+3
678345 1943
b)
6860+5 1242 17+4 1
69255 3+2 312b) 1
696815 62 8i3b) 1
7058£10 50+7 {14090} 140904500 50+7 0
71005 21+3
k)
713345 1342 2046 1
719545 26+3
b) 1
7240+5 11+3 1645
730348 8019 GOOOtIOOOC) 4000%200 8249 0
737015 4745 (2805) 2805200 4B%5 0
750545 22+3
7545+5 224
758645 32+4
766815 . 6748 {14000) 14000%500 6718 0
7710%5 842 1144 1
7798£5 1843
789315 612 g3 1
795015 2644
7978+5 28t4
a)

f-value from Bayes' theorem (>98% confidence level).

b) g¢r

calculated assuming <PY>

c) Note difference in an values,

d) From Tellier [1971],

= 40 meV.




TABLE 8§
AVERAGE RESONANCE PARAMETERS

14244 143q hliyg 1454 146y4 148y4 1385,
<p>_ (V) 680130 3544 450110 1942 27060 | 170%35 | 7500%1500
<> mev) 78:10%) | 8620 4745 879 5116 4615 310%45
$.D. (meV) 752) 15 15 30 22 13
< > 1H 46%5
yp (meV)
S.D. {meV} ~15
1o"s, 1.40%0.35{ 3.1%0.5 }3.9+1.0 ! 5.2%0.9 | 3.7+1.0| 2.7t0.8| 0.9%*0.4
1o”s1 1.0+0.4 | 1.240.5% 0,920 4 0.95%0.39 0.6020.29 ~0.5
o 0.902 | (0.a1)¥| 0.30 (0.40)% 0,45 0.51 0.67
p(l n,l" )
Y 8
Number(2=0)(cbs] 24 61 17 67 21 27
b} b) b) b) b) b)
Numbes (2=0) 35 68 21 75 22 29
(calc)
<g> (30 kevimb)] 7715 175+75 84+20 123£30 11320 542

a)

for the 13,6 keV resonance it is three times the average.

b)
¢)

d)

Assuming <[_> =
Yp

Obtained assuming g = 0.5,

Calculated from fit to Porter-Thomas distribution.

85 meV and correcting for missed levels.

The radiative width for the 30.6 keV rescnance is six times the average:




TABLE 9

* THE LEVEL DENSITY PARAMETER CALCULATED

FOR THE ISOTOPES OF NECDYMIUM

a (Men)~!
Isotope <D>
ev Present Data Data of Karzhavina
et al. [1969]
142ng 680 16.72+0.50 17.3%0.5
143yg 35 16.58%0.18 17.7+0.4
14hyq 450 18,8410.58 18,2+0.4
14504 19 18.9210.20 19.1+0.4
146yg 270 21.45+0.65 23.0%0.5
148ng 170 24.48%0.71 25.4%0.5




TABLE 10

CALCULATED q (Equation (1)) and Q. (Equation (2)) for 142n9

Transition 45y *3p3 4sp 23p
/s / /s /o
Ej {calc) (Mev) -3.54 -2.66
8¢ (cale) x 10" | w—a1.67 ———
a) L

qij x 10 22.4 13.4
0, 0.035

1 .

a)

for E. in Mev, FO, PV in eV.
Y n® oy



TABLE 11

CALCULATED VALENCE RADIATIVE WIDTHS FOR

SELECTED RESONANCES IN THE Nd ISOTOPES

COMPARED WITH THE AVERAGE

14254 1434 lhligg 145y 1464 14754
E (eV) 30610 2761 6788 2839 3642 4073
r, (ev) 364.65 6.34 48.0 3.0 25.675 17.545
rg {eV) 2.08 0.12 0.58 0.06 0.43 0.27
V. (mev) 73 ~4 ~ 20 ~2 ~15 ~10
Yi
rY (mev) 435 100 45 167 50 67
<ry> (meV) 78 86 a7 87 51 46
<TV > (meV) 3 ~0.4 ~6 ~0.3 ~3 ~2
yi
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