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JAERI 1183

. Average Level Spacings and
the Nuclear Level Density Parameter

Sum'mary'

" The average level spacing D, was computed with neutron resonance capture data summarized
in BNL-325,-and compared with those given by several authors. The values thus fixed with
reliability were plotted versus the neutron number to see the systematic behavior of the D,. The
less reliable or ambiguous group of the Dy's was then fixed by t:{king the systematics into
consideration. It was also decided f{fom the systematics that the’error involved in the Dy’s
would be at most of the order of a factor of twol

The level density parameter @ was calculated .with the fixed value of the level spacing D,.
The cffect of an alternative choice of the level density formula or the 'moment of inertia on

a was discussed and its dependence on the nuclear, radius parameter-was studied as well.

'

May 1969

- = HIROSHI: BABA-and -SUMIKO BABA

" Division of Radioisotope Production
Y Radioisotope Center
Japan Atomic Energy Research Institute
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1. Introduction

The neutron resonance capture can be directly e;npeczed to the nuclear level density para-
mater when one accepts a level density formula based on the Fermi gas model. In that sense it
is the most fundamental -information for the statistical theory of the nucleus. Many papcrs""”
have estimated the average level spacing Dy of the nucleus: from rather irregularly locating
reson.mce ks to deduce the level density paramcters One, however, finds at the first glance
_tlmt varwus values are assngned to Dy even when the same source of clata, namely BNL-3251%18),
“are used. Recently, the more improved data became available, wh1ch were summarized in BNL-
325, 2nd edition, Supplement No. 2“” (from now on, the literature shail be refe,rfed to as, Ref. II
and the Supplement No. 1¥ as Ref. I). There the compiled data are consistently evaluated
and classlﬁed into three | groups consisting of well established (henceforce denoted as.class A in
this mote), of not well established but consistent (class B), aid of inconsistent or doubtful
(class C) sets of resonance parameters. This, therefore,.seems to be the best source of the

" information for the level spacing Dy available at the present.

Recently, a new level density formula has been derived®? by mtroducmg a stepwise function
hased on the Nilsson “single particle level structure as the single particle level den51ty. It was
found that the formal identity is obtained between it and the well-known formula, p(E)ccezvaE/ 5,

-derived from the JFermi gas model with an equi-distant spacing approximation, Jf the level
density parameter is defined by "~
a=a+xX(A,Z,E), = . o (1)
instead of a constant ap. Here X is a function not only of the nucleomc mass A and charge Z
but also of the excitation energy-E. This function X at a given E-value gives systematic
deviations, often attributed to the-shell effect, from- the average behavior ay of the level density
parameter proportinal to the mass ‘number A Agreement of Eq. (1) with those empirically deduced
from the neutron- resonance capture data was found to be quite satisfactory.
{!\t this stage, it was felt necessary to re-evaluate the experlmentally_ obtained ‘Fhe Dy's b_y util-
« lizing the resonance data’ best known to us. This was performed in this note not only by

compiling several authers’ values of Dy but also by computing the Dy’s from BNL-325, mostly
from Supplement No. 2, the 2nd edltlon <

3}

v

£y
2. Théoretical Treatment

The average level spacing is computed by fitting the first N ohserved levels, by least sqares,
to the formula

¥

EK=E0+”DO, ' n:l, cevseenee N ' . ‘ (2)

wliere Eo/and the dverage spacing Do are parameters to be determined and . E, is the energy
of nth observed level. In cases where only a few levels "have been observed and & well defined

reglon E; < E,<E; has heen sea@:d, .one may add to the Eaq. (2) one or both of the equations
1}



2 Averae Level Spacings and the Nuclear Level Density Parameter,, . JAERI 1183
oy

5 (B~ =L Ey s
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“These are to assume that the lower and upper limits, E, a_nd Ei, of the sez};rc.hed “interval 6ccur;

on the average, l’nld\\'d) between” ]eve]s . ; _ S o
On the cl<51111‘117110n that,no levels have been mxssed or wrongly attnbuted to the nucleus.

studied; the expected crror in the average value Dy of the spdcmg between levels is given by

d . fl
the estimated variance 4

. it . - ?‘) n T : . n:..:. T -
:rl)'-‘=,'3nn(i‘/—2)‘1£(IL"—LU—MD)- ) _ (35

where pm) is an .11)p10prmte \\elghtmg factor. The quoted errors f01 Do in the Table 1 me

+ap cleﬁned by Eq. (3) with 11])])—1 lhe variance is an undewstlmdte, becduse it tﬂ]\es ‘no
account of tlie possibility of missed or wrongl\ assigned le\els dﬂd th° errorsincluded in the

energy'values of observed levels. "

levels of the compouncl nucleus at an e\umtxon energy E and w1th a gn en value of the Spll‘l
J. The binding energy B, of the neutron gives with a good dpproxmmtlon the e\c1tdtlon enelgy;
I of the compound nucleus, except for a few nuclides in whlch the low ‘lying levels. are e\treme]y
rare and therefore higher levels are necessarilly included in the analysis,

‘l For the spin I of .the' Jarget nucleus, one finds

Dy 1.=%0(1" J—%—) °" _ S forI=0

W QO . (4)“
DU:\ll:: [”(E I+ )+U<E I—-—)] forI#O "

:‘) [

where p(E, j) is the spin- aependent level (len51ty dt the excitation energy E and with the spin J.

Since lﬂltldl state has a well-defined parity, the obser\ecl ]eve]s have only one of the two possnble

parities. ~ This. introduces the factor 1/2 in the right" hand side of Eg. (4). 1~or a few cases

where thé / value of neutrons is différent from zero, the necessary alterations are to be added.
Of many modifications of the level density forrnula, two formulas_derweg_l by Ericson2? and

. . ) . U W e
by Lang and LeCouteur™ gare the most freq\l“lnntly used. According to them the spin-depen-

dent level density formula is given by elthe/ i

... O o Y
=B . J(j4-1) \ aexp (2 /al} Y
p(E, )= 12 ‘/— (21+1)§\P[ P a:) _c_z-:i/iUz (')‘\1)
o . | ' o .,xc
, h _GED ) aenl2 \/aU} S

Z o : {a:\

' respectl\ely where ¢ is the so- called spin cut- off parameter and ¢, the nuclear thermodynamlc

o

tempe,ﬁ?ture. v is related to the nuc]edr moment of inertia by the equdtlon-'”

h is the P]anck’s constant dwlded by 2z. Two dlfferent formulas (.)a) ane (5b) are derived by

virtue of slightly different sadd]e point apprommatlons “The answer to the question which

'formula is more preferable is to be found by comparmg them with the observations. The
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nuclear temperature 7' is given by

sl 2
' T ¢t U
-or .
1-_1 - 2
T ¢ U+t

3. DProcedure

(7a)

4]

(7b)

which corresponds to either Eq. (5a) or (5b), respectively.

The quantity U appearing in Egs. (5a) and (Bh) is introduced to treat the pairing elfect

and 15 called the ‘ellective excitation energy’,

U=E+d

P

It is related to the excitation energy -F byl 2D

(8)

proton numher Z is even, of the last two neutrons when the neutron numaer N is even, and

. . I 03 . . e ! .
the sum of both pairing cnergies for even-even'nuclei; 4 is zero for ‘odd-odd nuclei.
. - 1) .

-

3.

Most resonance data+were taken from Ref. IL

nance data were found in the former

il

Procedure

¥
- 1
N

Reference I was used only when no reso-

The average spacing, Dy was calculated by using Eq. (2) .

l'or all nuclides for which two or more resonance levels are oclservccl in the energy 1eglon below-

200 keV*.

In a: few cases where D, was cvdluated “with evo“ higher excited levels, the

x
.excitation t.n(’lgy was taken as the sum of thé neutron binbing energy and the meanh energy

of the ]oweqt and the highest resonance level.

r

]

In order to choose a reasonable set of the resonance levels out of the three classes of data,"

dmely class A (denoted as_‘recommended’ in Ref. 1D, d’xss B (wntten \vlth bold- fdced characters),

and class C (written with' thin-faced characters), the total number of the levels was plotted versus

. the incident neutron energy whenever ten or mme levels are listed.

to give a linear slope whose reciprocal value is equal to the level spacing Dy if the Fermi gas~

This" g_r‘ll_pl_l is expected

model is vahd since the excitation energy and therefore the nuclear tempemture are pmctu.ally

constdnf in such a short energy range.

The levels of class”A alone were first p]otted to see the linegrity in the slope.

~
v

By means

of this procedure it was concluded that for quite a few nuclides class B levels, at least a part

of them ought to be included to obtain the linear slope.

into the results as muchzas possible an appropriate energy region was chosen for the. COmputdthI‘l

o that almost all levels observed in that region were of class A,
sused wassulficient to give a reliable value for D

versus neutron energy are given in the appendix for about .100 nuchdes.

when the number of leve]s
Stepwise plots of the total number ot’]evels

The number of levels

‘v of class A only is depicted with a solid line and that of. class A plus class'B and sometimes even

class C \vxth a dotted line.

‘_

i : I PN .
The addmonal condition &2:1) was“not used in this ana1y51s Instead, the justification of

't_he va]ues obtamed or the chonce of the more reasonable one from two significantly different

d o

* The energy limit 200 keV was rather arbitrarily Lhoscn from the consideration th.lt an additional excitation of the
nucleus by less lh i 100 keV as an average would be negligible (.Olnp‘ll'c‘d with the neutron binding encrgy.

Here 4 is a negative term- representing the pairing energy of the last two protons when the

In order’ to avoid (lnll)lglllly mtrudmg
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given values was done by virtue of the systerhnsics found in Dy (cf. l:Fig 1) in tlle cases where
only a few: levels are observed and besides no consistent values are avallable in . the literatures.

-Errors quoted were calculated by using Eq (3) except for the cases where not. more than
two resonances are listed. For such. e*tceptlonal nuchdes, the error in the D,'s unless otherw1sc
quoted in the table was taken as a factor of two by taking the: syStem/{mcal behavior of the
D, into consideration. W " r" . “ '

In the calculation of the level density pa‘rameter a, both Egs. (5a) and (ob) {verc used in
combination ‘with Eq. (4). The neutron binding energy B, was taken from Wapstra’s table® ™
and the pairing energy 4 was from Cameron’s table®.  In a few cases where the upper limit
of the energy reglon used to ﬁ\ D, t.\ceulm«r 200 keV, the (.}.utduoln encrgy was sct cqual to
B, plus the mean energy between the lowest_; and the highest ‘level used.

As the moment of inertia appearing in ll]e spin cut-off parameter g, either that of a rigid
l)o(ly T rigia Or an effcetl\'e moment of /inertia equal to O T vigia Was conSIdered ‘In either case,

S is proportional to the square of the nucledr racllus pammeter ro through the relation

1 <

2 " w )

T rigm=—,.)—m7'o'_fl"{;3 " : : - N E:D)

: ; ‘ . : Ty R

O a |l ” . .
where m is the nucleonic mass and A, thelmass number of the nucleustof interest. The 7y
dependence of @ was studied. The e-values listed in the sixth column of Table 2 were computed
by using Ericson’s formula, Eq (5a), with'! ro=1. 5x10"¥ cm ; that is, 1. 5 fermis and G rigia.
In the last column of the same table 1,1ven,nr¢= those based on Lang-LeCouteur level density

with 7=1. 5 fermis and T rigid

© 4. Results ‘and Discussion
SN .
Wl - : °
The computed values of D, are given iih'"fcolumns designated as VIIT and IX of Table I
with compilation of data determined by several authors as well "through’ colu'lims' I to VIIL

The first and second columns give the compound nucleus and the tafget spin I, respectively.

The number in a parenthesis which appears in column I, VIII, or IX represents the number .

of resonances used to fix Dy The last column IX supplies the values of Dy computed ‘with
Ref. 1I (the data were obtained w1th resonances of mostly class A nuclei otherWIse denoted
with alphabetical capitals in the p'lrenthesxs) "The tenth column VIl glves those obtained

by using Ref. I For a few nuclides® whoae Dy values are given w1thout errors,in the column "

[X were obtamed \glth only two levels The errors involved are, however, expected from the
systematics mentloned below not to exceed a factor of two except for ®Se and *Cn.

' Now that enough number of data for Dy has become available, we are in the position to
find by means of a set of relmhle data the systematics in trends of Dy versus the neutron
number N and in turn to tell within ay factor of two whether a given uncertain value is
reasonable ‘or: not, or which is more reasonable when twc sxgmﬁcantly different values are found

in Table 1*. Table 2 gives thus finally fixed values of D, in the fifth column with the target

spin, the neutron binding - energy, and ‘the; pairing energy as we]l in thesecond, third, and
IKI

* According to this procedure, alternatives “crc ‘chosen for 2p 4Cy; ©Cr, “Cr, ”’Cd 153y, P%Xe, "Dy, and YD,
For *F, K, and 'Sm the two or more values different to one another were found equally likely so that the average
of them was taken, F urthcrmorc, it was concluded th’lt the expected errors were to: be at most a factor of two for
all nuclei except for the above mentioned two, Se 'md Cm. B ToE
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forth columns, respectively. .
In thé computation of the level den51ty parameter a {rom thus fixed level spacing Dy, there

are a few alternative choices involved ; namely, either Ericson or Lang,—_LeCouteul level denSIty

formula and either the rigid-body or a non-rigid-body moment of inertia. Furthermore, the nuclear

radius parameter 7y appears as an adjustable parameter in the calculation. , It was found that
cither level density formula does not give a significantly different value for a to each other;
the difference between the two was mostly 1 or 2%. As is seen in Fig. 2, their differences
become significant only in llght nuclei.

Figuer 2 also shows’ the dependence of ‘@ on m.w Tt was found that the ratio of the level

density parameters of two nuclei remains constant while 7y changes in the range of interest

except for a few light target nuclei with high spins such as V.. Non-rigid-body moment of
mertm is equwdlent to that of the rigid-body  sigiq with zm ‘appropriate 7y-value, as long . as it
is gwen by the latter multlphed by a certain constant. Open circles in Fig. 2 repr csent a w1th

Ca non rigid- bocly moment of mertn defined as 0.7 G ™™ for ry=1.5 fermls

By cosulermg that the derivation of thelevel density formula. based on the Fermi gas :

\’nodel is equivalent to the use of the square well nuclear potential, 1.5 fermis was chosen for
ro in the final computation of the a’s. The last two columns of Table 2 gives the computed values
of g with errors’. deduced from those “contained in Dy; one based on Ericson level d:ensity and
the other on Lang-LeCouteur level density. The former group of  a-values is plotted verSus
mass number A of the compound nucleus in Fig. 3. : “ o

One may find that a shows dips near the closed shells; this is particularly clear in ‘three
regions around N=5§0, N=82, and N=126l\:and Z=82. This observation will be understood by

,, rather directly connecting to the so-called shell effect. This is more clearly seen in Fig. 4 where
a-values are plotted »ersus “the neutron number- N.  One tentatively discerns two types of
suppression in a-values near the cIosed shell. = That is, one of them is of short- ranged nature
that appears only the “very edge of the shell and the other is a long-ranged effect extendmg a
rather broad region around closed shells; N=50, 82;-and 126. It is possible to find the reason

~why large dips-;:—xistilff,r at closed shells above were not found at closed shells below 50, if one
attributes these large dips to the ekistence of sub-shells with.low-level densities in the proximity
of such closed shells as 50,' 82, and 126. One, r;lay conclude that the energy gap at the shell
edge only-results in-a small dip of the short-ranged nature.

i N
¥ ‘-

2 Q "
5.. Summary,

fol . .

Level spacings Dy were computed from BNL-325%19, and compared with those compiled
by several authors™®,  Well-established values of D, were plotted versus the neutron number
to see systematic trends of the Dy which in turn were used to determine uncertain Dy It was
also concluded from the systematics that the errors involved in the determination would .ot
exceed a factor of two, except for two nuclides ©Se and 2“Cm °

It was then attempted to deduce:the level ‘density parameter a from thus fixed values of

Dy The effect on the a's of two’ alternatives of the level density formula, namely, by Ericson
and by Lang and LeCouteur was examined and was found to be immaterial. .

Suppression of the level density was found near the closed shells that may be understood

in connection with the shell effect. o

A
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Tnb\e . Comp\\cd 'wetage. level spacings | D computed (rom the neutron resonance capture data, First and second solumns give the compound nudcu:.,

and the target spin, respectively.

CO]umns designated with 1 to VII represent average level spacings deduced by several authors am\ those com-

puted in this note using Ref. I and II are tabulated in columns VII[ and’ IX.

The numbers given in parentheses in columns I, VIII, and IX Tepresent the numberof levels uscd to fix D,.

%

" neutron energy range below 200 keV are used except for **Na, ®*Cr, and **Ph.

=

Resonance levels only .in the

~

CN| 1] I T = ow vy | v e L Vi I w Tk
“F by }‘-(85 1216 %100 (8)] | L10x100 o) - 5010° )] N ' ((98+19)x101 1)
Na | 3/2¢ \(72.942.T) X10° (L) 1an10’ a)| 201108 a)] : ) (664 15) x 10°(15);
Mg | 0+ - 1 346x10° a)|° . = (17010 % 109 *«-' )
BAL 5 9+ (48,81 5)x 10 (1T) 60X 10" a)| . F4%107a) : : l 3)1(26£7) % 10° (8)
. P 172+ (21. 050. 49) x 10°* (18) anlOJ a) 9 z ) . -
“Cl |32+ \\\\' W) 10x10° ) ¢ 13.3x10°  a) : f'a (40::29) % 10° (6)
#Cl | asa+ < [[27.8x10°a) 13.3x100 . a) - (37 £B) x 10 (6)
UGy - 10X10° b)\ 11L2%10° a) 10%10°  a) 6%100  (2)) .
=K | 3/2¢ Ve 10%x 108 b)£ : " T 10%10°  a) ; 10x 10 (2) . .
“Ca | o* ( : 119510 2) (50:£10) X 10° a) (49£10) X 10° 2) o (25:8) x 10° 4y
“Ca |7/2- o : | ] L |(4=0.8) x 108 (2.9+0.5) x 10° (13,C)
“Ca |70+ ) : 55%10° “a)l  60x10° ,q) ' - 1(55+15) x 10° (5, AC)
4Ge 772~ |l 890, ld)xlO’ (5) R 2%10° a) 2.2X10°, a) ’ < (L.6+0.3)x10° (5)
YeTi | or S : ¢ (30£6) x10° @) R 5£15) <100 (4)
oTi | 5/2- d Ce s : (2. 820, T0) X 10°! (20)
o “Ti o = F 3 30x10°  a) (ou Hx10° a) i (20:£5) % 10° ad)
»Tj _.7_/2‘1 | =, _ ' S : (3.6:0.9)x10° . (10)
ST | o+ N S (123:£50) x 10*a) ; (18+£6)x10* - (8,C)
Vol o6 P .11 1.26x10%a) .. . b (2610, 45) x 10* (16)
¥V o1 7/2- (2. 18+0,21) x10° 7 (4) o ') 210 :}) ’ ) R 3.3x10°, _;g) (3.7i0;4)>‘<10=> (4.39+£0,53)x10° (20)
2 wCe | or ‘ L U . gox100 | = (19:8)x10° (5,0
$Cr+ 0t oo s 29%10° a) (44+8) x 102 )\’ : (46:£7) x 10 (9)
“Cr | 3/2- |0 € "~ = BRI b | | (3,21 1) x10° (10,B)
“Cr | 05 [ . ) & ,;_., . s , 38x10° - @) © - (8137 x10° (3, BY
“Mn | 5/2- |(2.580.90)x10° (4) T 210 a) 3210():}8%3 o) 3.3x100  a) '- - (2.97:£0.63) x 10* (42)
$Fe | o+ g ' ! Tl 97 % 10° a)[{25+4) x10°. a)|- ) (.21i4)x40’c' (9)
= = a R A & = :

=
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C.N.| 1 I I I v ; i Vi S ¢ _
sife | 0F 23.0x100a)]  23x10°  a)(20=d)x10° @) (21=4) x 107 (10)
“Fe | 1/2° ) (6.9+1.3)x10°  (5)
“Co | 7/2- |(3.73+0.54) x10* (3) 3x10° a) 2.5%10°  a)i(25+0.5) %10 (L. 530, 30) X 10° (52)
®Ni | 0* 25.7%x10°a)|  29x10° a)l  20%10°  a)i(21x3) x10° (21+6) x 10° €D)
“Ni | o+ 22%10°a)]  2%6x10° )]  29%10'  a)i(2l=3)x10° @l+4) x10° )
“Ni | 3/2- ' _ (2.3+0.4) x 10° (19, B)
“eiCu | 3/2- ° 1A% 10° a) . (1+0.15) x 10 (L. 060, 14) x10° (21)
“Cu | 3/2- 1, 99X 10° a) ; ax (1. 70, 4) X 10 (1. 17£0.24) x10° (A7)
“Zn | O e L 85x10° a) . : (3. 40, 9) x 10° (5, AB)
“Zn | 0* ' (6.5+1.0) x 10 (5.6+:1.9)x10° .(6)
“Zn | 5/2- 690 10° a) ' 7204190 (4)
©Zn | 0+ - 20% 108 2)
"Ga | 3/2- 300 a) _ 320490 (8, AB)
2Ga | 3/2- 2057 a) 20169 b) 190450 (4)
1Ge | O* - (L.0£0. 2) X10° (2.0+0.8) x 107 (18, B)
CnGe | O* 2090944  b){(3.0+1.0) X 10 (3:9%1.5)x10° (10, B)
"Ge | 9/2* o T7+9 = s
=Ge | O* (8.5+4.7)x10° (3,B)
“Ge | O (8.0+0.8)x10* (4, B)
“As | 3/2- | 108.3+3.6 (9] 9 2 9117 b)|* 87x8 87.3+11.4 CO)
tSe | OF ~200 a) . 200 (2)
nSe | Q* A4 (L 5x0.35) x10° < (1.2+0.6) X 10" =={35)
“Se | 1/2- 393 a) 393=-86 b) 14020 15040 10$)
©Se - O* ' (3.3+0.5) x 10° (L5+1.0)xi0* (9,B)
uGe | 0+ 1.5x10% a) (3.320.8) x10° |(L. 6==0.6) x10°
“Se | oO* ' _, s (3X6.9+1.1)x10° (4, B)
wpr | 3/2- 45 a) 40 b) 51+17 b) 55+10 61+13 (7)
“Br | 3/2- 34 a) 5217  b) 65+15 52414 (3)
“Rb | 5/2~ | L0x100 byl = 833  a)l(1+0.5)x10° b)] 900£70 b) (L.1+0.2)x10° (6,B)
“Rb | 3/2- 1L.7x10° b) 118X 10° 2)!(2+1)x10* b)| 1183246 b) (1.8+0.6) x10° (G, B)
“gr | o ) 350120 (10, B)
sSr | o+ 4x10° b) 6£4)x10° b) (2.1+£1.0)x10° (9,B)
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cN| 1] I I i Y v VI VI ) S X

nsr | 9/2+ ~400  a) (6+4)x10° b) s ) 210-80  (I5, B)
wSr | 0% 15x10° b)|_ (s 510 =D by (12+2)x10° (19, B)
ny | 1/2- 3.5x10° b)|” 4.85%10°2)|(2+0.5)x 10° a,b)| 43754475 b) : (L6+0.4)x10*  (1L)
wzr | 0 ' : : (4.50.8) x 10° (3.3£0.8)x10°  (5)
wZe |5/2¢ | 290+40 - 250450 ... -

“Zr | o G (L. 3+0. 3) x 10° (.41 1)x10°  (7)
“Zr | O : (2.5+0. 4) x 10° (3.3+0.9)x10° - (4)
“Zr | O o | (L 1£0.3) X100 (6)
“Nb | 9/2+ | 37.5+3.7 (D] 425 ). 160 b) 55+5 26.0+4. 6 (76)
%Mo | 5/2+ | 209.5+33.0  (4)| ~200 a) : 218+95 b)|  100+20 : 100440 )
“"Mo| O | ) - ‘ ) (L2+£0.5)x10°  (4)
Mo | 5/2¢ | 175.5+18.0  (4)| ~200 a) i 169431 'b)| ‘140230 120+60 (9)
"Mo | 0* ' ' 790740 (9, AB)
Mo | 0* : . 40075 (5)
10Te [ 9/2+ | 13.81+1.60 (5) 14_ a) _ 24%6 b) 2143 26+5 9

100Ry | 5/2* ) ' 200 (2,’AB)
1Ry | 5/2+ 24 b) 17+3 1544 © (7
1Rh | 1/2- ‘~75  a) 29+4 b))  35x4 10.342.0 (46)
wspg | 5/2+ 13x4 . b)| 133xL7 1L.1+1.7 10
wAg | 1/2- | 19.4%7.5 () 27.5 a) 24 b) _12+7  b)| 316 ) 5012 (4
wAg | 1/2-| 16.13+0.85 . (6)| .17.5 a) ; : . 21+6 b)) 7 2234 ¢ 19.1+3.8 @D
ncq | 172+ ) 34 a)| 33+10 b) ' 275  b) N 34:+6 (T
wed | o* ~230 )| 80F3) b) 200 (2)
mcd | 1/2+ - '30.5 a) 27+7 b 36+11 - b) 27+3 (9)
win |92+ | 7.15:0.60 (7)] 7 a)_. 7+2  b)| 6.5+L5 7.1xl2 (7) .

neln | 9/2+|  7.5+0.7 8 7 9.0 b) 7+2  b)| 6.5+L0 |.7: | 95+24 (1L
mgn | o 153+43 )| 150 a) 2547 14050 (7, B)
nsgn | o i ~ , 15050 | 82090  (6,BC)
negn | 1/2+ i ' 5020 L 18080 4,C)
wgn | 0r | 137x71 () 150 a) . 180450 250+40 (8, ABC)
usgn | 172+ [ 54.0+5 (5) 70 a) " 55+18 b)| - 255 g 6515 (8
wgn | o 240£120 (2) < 300 a). £ | \\280:£50 730180 (6)

oquy,



cn!or | 1 n | im [ v | \' ' Vi [ W VI KX

wgn 120 | 140+47 ()l 150 a) . 16079 b)l! 30+8. ' 6221 (6)
=Sn | 0% ) Tow I : - | ¢ 240230 (6)
mgh {5/2¢ | 14.2520.39 ¢ (7) 15 oy 123 B 22, B M2 b o 13+2 (D
wSh | 7/2¢ | 3L.29+0.96  (3) 35 ) 2771 b 28+1  b), = 30£13  © (6)
wTe | O+ | v o I ' o | 130+10 (6, AB)
=Te | 1/2+ 15 ) Bl 39+19 h)  22+8 . i 339 (12)
=Te | 1/2+ _ f | ' 6618 b) .. 605 : © L 46zl (10)
Te | o+ ; S L (3.520.6) X 10° (5. 50. 8) x 10° L 5712 (21,BC)
Tl 5/2r | 11.68£0.73 (7)) i 13.4 } b) abl 133 b)) 13.320.7 . 1925 (11
wey i 7/2+ , - 17.565: a) : 18+6 '"b)? , 275 _ i 21+6 (5)
Xe | 3/2¢ O S 31x1 - b . 25:10 31=1  (3) R

1eXe | 372+ =500 a) ! el . ' ' ' i _
mCs | 7/2¢ | 21.45+0.55 (12! 21  a) | : o 2123 b)! 18.5x05 20,7247 @D
1Ba | 3/2+ | 35.4%11.4 (3) 35 a) 49+10 b)} - 50x8 : ; 35+9 o an
¥Ba | 0% ' >1x10° b) ' - '(3.8+2.8)x10°  (3)
x‘:ﬂsBa. 3/2+ : ‘\% . i . . - : : 460+250 (3)
Ba | 0+ e ol (1044) x10°a, b)| 106254231 b)| (9.63.4) x 100

wLa | 5 ! : ' : (M m+6 (10)
WeLa | 7/2% |  1000+700 (1), =500 a)l : o _ D = . 110+20  (28,C)
“Ce | 0* , | (@+1)x10°  b) : - ' P

wCe | 0* : (1:£0.2) x10* b)} T _

wPr | 5/2¢ | 112.8+4.6 (9 = 10 a)| 120 b) 64+13 b) - 905 g 83.8+12.1 = (5
WNd | 7/2- . , s : “40+10 . 1949 (7)
wNd | 7/2- % a) | .- - T O | 2540 5
P | 7/2+ C o ossr a) 5.3+1.6 b) | 426 5.7£L5 (9) :

1Sm | 7/2~ e - 7 a) © 8x2 b) .i 7.7x1.2 ¢ o T.9xL3 - (1®)
5Sm [ 7/2- | : 3.3 a) - Py 4+0.6 b)) [28+0.3° | 3.22:+0.53  (26)
#Sm | 0* 3 _ : ' I 2 24 C(2).
wism |92, : s E O T f L3205 b) + 13:0.25 | L3£0.5 (5)

1Sm | O \i : '_  M5x15 - : , 80 2
wEy | 5/2¢ o 0.60" a) . 0.87+0.14 b)| [0.65:£0.09 | 0.7260.14 (D)
wEu | 5/2 L2 o) f 11.25£0.09 o . 1304 (9

1
1

or
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- i P v X
cN| T I | v a M :
— o i 1.80:£0.15 ~ 1.99+0.32  (26)

*Gd | 3/2 I = 3346 T5+19° | (5,AB)

¥Gd | 0* ‘) 5.5+£1.2" 6.1+1.6 13-

15Gd | 3/2- - 2) 5006 | . 4.30£0.78 (25

10Th | 3/2* | 5.052+0.115  (16) O =g 2020+0.15 | 2.55+0.38 N

"Dy | 5/2* 2) : 216 22080 (4)

3Dy [ 0* a) Y941 9.6+1.6 10

'““Dy | 5/2- . D 6144 L < 5.67+0. 74 45)

Y - -3 3 T |

“Ho | 7/2- | 5.754+0.142  (15) : | 7.1+1.2 (9,AB)

WEr [ 0* ' | 17£5 (4)

gz | 0* : . 47+7  (13,AB)

167E FOT— -:3. 0+0.5 4,0+0.4 (25)

1Ey | 7/2* o 100+30:  (5,B)

wEr | 0t ) N 7110 6.6+1.3 (18

“Tm| 1/2-| 6.81+0.25 @13) a) i 2" (2

“Yb ) O 2 '8.7+0.8 7.2£L7 (6

"Yb | 1727 | 1 12+2 7.8+1.0 @y
ﬁYE 5(/)3- & [ - 250:£60 (10, AB)

LEAY ‘ <

ol - 3.3+0.3  {3.61+0.62 (16)
e a7 5 14 .5 ¢ e
Lun)-7/2+ ) 2.6520.11 (9) 5 a) 2.1x0.15  |2.37x0.27 (21)] ° _

g | 7- L05+0.55  (2) a) { " - 4lx12 16
THE 0+ ¢ - 7 48)
. _ 3. 8+0, 4 3.2+0.7 (
wHE | 7/2- | 2.94620. 36 (12) -5 a) 3 5‘339:8 | 55+8 an
wHE | 0* o 5. 620.5 5.8+0.5 (39
'HI | 9/27 | 3.595+0.125  (26) 195440 14030 (1)

lSIHf 0+ . j - A I . ‘

91Ty | g* 5 @) o v o 4.33+£0.51  (75)

wTa | 7/2¢| 3.921+0.203 _(10)] 4.5 a) . 1 5648 (D

183\y o+ a) ‘ : —..-_ < i o7

4 12.5+0.8 15.8+2.0 @0

184 2~ , 6+0.9 3 a) '.! - :

*\\: 1/+ 19.6+ (3 | 1130430 93+19 (14)
wio ) : 87+10 9)

| o+ 13.8+0.8 3.2+0.6 (19)

1Re | 5/2+ a) i N

1
i
s
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C.N.| I 1 I m v Vi M. X

wRe | 5/2+ 7.5 a) ) " 5.5+1.0 6.4+1.9 12
Qs | 1/2- N 0N, | o 1426  (4,AB)
Qs | 3/2- N, - |5.1%121) p 50+L1 (12)
wifr | 3/+ ~35 a) 3.3+0.3 3.2+0,7 (16)
Wir | 3/2+ _ ~3.5 a) E 7.7+0.6 8.5+13 as®
wepy [ 1/2-( 24 7r",§7'4 (3) 35 a) 16+1 19.3+3.6 (30)
WA | 3/2+| 33,9482 (3)] 30 a 171 a) 16.8 o 161 15.8+2.3 (61)
wHe | 0+ ~100 a) - 83+28 100+30 - (5)
0 g | 1/2- ~50 a) -59+10 - 8418 C(6)
g | o+ (1. 3%0.5) x 10* (L3:0.1)x10°  (6)
::Hg | 3/2- a 90425 110+20 (7
weT] | 172+ |(5.0+3.78)x10° (1) 1X10° a) 2:+1 b) (2. 0+0. 8) X 10° (2.2::0. 3) X 10° (7, AB)
W] | 1/2+ : 103 b) (10+3) x10° - (19+7)x10°  (4,B)
*Pb | 0+ [(4.73+1.30)x10* (5) 25x10° a)| 00 $=9 b) (57+12) x 10° (24+49x10° (9, B)
208Ph [ 1/2-"(1 _ nin 829 b (50+=10) X 10° (22+£T)x10* . (7,AB)
Ph | 0+ |(18.3+0.6)%x10° (3) 400X 10° a) 23 48 B L ' (110+40)x10*°  (8)
20Bi | 9/2- [(3.42+2.73)x10° (3)| 7x10' b)[ 40x10° a) ' (6.9+0.7) x10° (5. 42+0.62) X10* (27
23Th| o+ 15.1+2.3 (6)] 20 a) ' < 171.5+0.7 d) . 12.4+1.1 (122)
#:Pa | 3/2- ' ' - 0.45+0.07 [Su 0.443+0.065 (21)
=4Pa | 3/2- 0,860, 12 103+0.15 (15
Yy | o+ 7.6x£1L5 ° 14.2+3.6 s
32U {5/2+| 0.973x0.026 (9) 0.55 a)| 0.910. 09 0.993+0.076 . (28)
sy | o+ | 16.1+1.3 7) 17 a) 13.0£0.8 18.0£7.3 (20
=6 | 7/2-| 0.871+0,026 (15| 0.65 a) 0.64=  e)| 0.65+0.03 |= . 0.63:0.13 (77
=y | o+ 15.7+1.6 (6) 17 a) . 14.5+1.5 2749 (149
@y | o+ | 17.71+0.62 (A1) 20 a) T17.7+0.7 d)] . 18.1£2.3  (8L)
#Np | 5/2* © 0.65 a) 0.58:0.06 0.720=0.073  (18)
2py | g S 16+5 (7,B)
2Py | 172+ 2 49+0.41 (7 3 a) . 2.6+0.1 . 2.3+0.6 [e7))
Py | Q* 20  a) 10.0+1.0 = 1442 €9):
2Py | 5/2+ - 1.3+0:1 117£0.17  (20)
®Am| 5/2- | 0.4275+0.0406 (7) 0.43 a) 0. 430, 06 0.57840.093  (15)
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cN| 1 I o m/ v | v, © Vi o I X
4Am| 5/2- . ' 1462 a) 1.25+0.15 ' L5%0.3 (1L, B)
MCm | 5/2+ | : 112.63.3 206  (15,B)

J) Newton" (1956), the number in a parenthesis gives the number of resonances used to fix D,
Ma) Stolovy et al® (1957) ; Tb) Good et al® (1958) = . . ’ gy ] , s
Ifa) Cameron.! (1958) ; b)) Jackson et al® (1961) - - ) o ’
IVa) Erba etal® (1961) ; 1IVb) Gibbons ez al.® (1961) ‘
Va) Bilpuch e al® (1961) ; Vb) Newson et al® (1961C) 3 Vo) Cotéret all (1964) i .
Vla) Bowman et al" (1962); VIb) Benzi et al.'® (1965) !; VIc) Desjardins et al.'® (1960) ; VId) Garg et al.™ (196.1) :  Vie) Bowman ez al.'® (1963)
\’!I) Gilbert et al.'® (1965) ‘ . i = :
V) Computed from BNL-325, 2nd edition, Supplement No. 1 (1960), the number in a parenthe<xs gives the number of resonances used to fix Dy
IX) Computed from BNL-325, 2nd edition, Supplement No.2'? (1966), the number in a parenthe51s gives the number of resonances used to fix Do.

The resonance le\els used were mostly of class A (see text) unless otherwise denotod with an alphabetical capital in the same parenthesis. . More th:m one capxtal given at

.. the same time s:gmfy that the levels assigned to these classes equally contribute in the computation of Di.
D - z :

¢ -
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Average Level Spacings and the Nuclear Level Density Parameter
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The first and
The orbital angular

Table 2,7 Determined level spacing D, and dednced level density parameter aots.
second columns give the compound nucleus and the target spin.

b momentuin of thc incident necutron is zero unless otherwise denoted with a cross in the .-

. first column. lh‘c third column represents neutron binding cnergy unless otherwise
associated with an asterisk ; the latter gives an effective excitation energy, thé” sum of
tha neutron binding energy and the mean value of the lowest and the highest resonance
level used to fix D,.  The neutron binding energy is taken from Wapstra's papers,®*®
The forth column gives the pairing energy given by Cameron.  The fifth column is
for the finally determined D, hy considering systematics (see text). TFrom the systematics
it was concluded that crrors contained in D, did not exceed a factor of two .except for_
#Se and **Cm. The listed errors are the deviations caletlated with Eq. (3) as long as
they rosult in deviations not more than a factor of two. Dg-values w ithout errors were
obtained (rom only two resonances. The last two columns give values “of the lével
density parameter computed by- using two different level density formulas by [ricson

. and by Lang and LeCouteur, respectively, and with =15 fermis and Fqs. (6) and (9).
Compound | . Target ) v o) d) ., " Qo (MeV-")
‘ ' B, Elk D, ;- — et
Nucleus | ~ Spin (McV) (MeV) - T (eV) ;Fricson L_:_mg-Lc.Coutcur
S I/
SEu | 12 6. 5973 C(BERxwe o Camtli 104051 |
#Naw] 3/2+ 7. 15* (66 4-15) < 10° D 8.557047 3,770 17
Mgal 0+ 7. 3289 2,10 (1704:10) X 102 4. 18--0.05 +4.514+0.05
BALT | 52t 7. 7307 (zb+§§)x10= | < q,18%080 4y g0 B
BP, 1/2+ 7. 9365 (21.0::0.5)x10* | 533002 5.56::0. 02
2Sy o+ 8.6413 | 154 (87£5) x 10° 5. 16::0.05 5 ALty s
#Clis 3/2+ 8. 5765 (10153)x10° a,42+0-48 :,11 6310 18
HCl 3/2* 6. 110 (47 :8) X 107 5661042 5,95+ 02
BKa 3/2+ 7. 8015 10° o 5908 18_'_8: 2
5Ka 3/2+ 7. 537 T\ T 618705 6. 42051
4Cax 0* 8. 364 L5l | w(0x10)x100 b, 6.19+0-20 6. 516"_‘8; 20
$Ca 7/2 1L, 135 2.92 (2.94:0.5) x 10° 674010 60417
£Cass o 7. 420 1.51 (554-15) x 10° 6.95+3-33 7.25%0:33
o HSos 7/2~ 8. 7666 (1.6:0.3) X 10° 7734589 | 7954072
a7 + e 41-1+-0.36 +0.36
AT 0 8. 8754 1.73 (454:15) X 10° 6.417 ) o5 6.67"¢ 58
S Tix 5/2~ 11. 6280 3. 02 (2.82::0. /0)x10’ . 6.70+: ;g 6. 91f8:§g
9T + . ‘. . - {-0. 30 +4-0.30
£Tin 0 8.1460 |- 1.73 (20£5) x 107 7.7970 03 8.0874.23
50T -~ A5 ‘ X : +0.27 q--0.27
2T 7/2- | 10945 | 320 (3.6:£0.9) x10° 7.02+-0-27 244327
2T 0+ 6. 379 L7 | (18:6)x10° 9.93+0-58 | 10.32+0-5
Ve 6+ 11. 0545 1. 47 (2. 610, 45) X 10° 6. 64 *3 }g 6. 60" *-g }g
Vo /2~ 7.309 (4.39:£0.53) x 10° 7.20+3-12 74310 12"
51 + 97, As R +0.49 4-0.49
HCrr 0 9.210 | L4 | (9£8x10 6.94%05) | 716704
53 + VE; 2 AG--7T +0.16 +-0. 16
$Cra 0 8.17 L4 | (6xDx100 6.9270-38 | 7907016
UCrs 3/2- 9.721 2.76 . (3.2i31. 1) x10° 8.17+0-4 8.437 -4
5 . 05 1A +37 +0.89 1-0.89
HCra 0 6.254 | “Laa | (a8F30)x0r 86808 | 9.06+08
My, | 5/2- 7.270 (2.97£0.63) x 10° 7.8270-20 1 o702
sha. + = e -0, 19 H(-0.19
“Fes 0 9.299 145 (Cltd) x 1.0’ 7.0074 15 7‘;‘.%1—0. 15
L >
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Table 15
Torgr | :1).__- r b O ] et (MeV-1)
.. Spin (MeV) (MeV) V) Ericson Lang-LeCoutcur
0+ 7. 642 1.45 (21£4) %100 8334023 8.627-23
/27| 10,042 291 | (5.9£L5)x10° 8.1970-30 8457030
7/2- 7.491 (1. 53::0. 50) x 10° 8.35 Eg 22 5581 0-22"
o+ 9.003 1.37 (21:£6) x 10 7.30+0-31 7.54+0-31
oo 7.821 137 LAy x10° v 821023 / 8.56+0-43
| sy 10. 660 2,81 (2. 320, o) X 107 8161018 8107018
3/2- 7.916 (10640, 14) X 10* . 8.90+0.18 9. 14518
3/2- 7.060 (L. 17:£0,24) X 10° 9.65+0-20 9. 91+0- 26
o+ 7.988 1.09 (3. 42:0. 953 107 10.027035 1 10,2070 36
[ - 7.052 1.00 (5.6:£1.9) X 10° 10.59+0-53 1 10.90*+0-53
_5/20 | 10,203 261 | 70190 C9.42+0:33 1 g 66033
o+ 6. 503 1.09 203 103 9.7670:89 1 10,2070 8
/2 7.642 3204:90 0662037 1 0,901 05
/2 6. 520 290450 o L2760 dl Ly o5 t0-dl
o 7,15 136 (2. 0::0, 8)'% 10° Y 11084069 e 23ty
or L 6786 [ L6 (3. 921, 5) x 10° 12001070 | g g5+
9/2+ 10,197 2.83 GETE D 1zegtl 9. st 8}‘,’
o* a5 | L | (85t S Tl TR, st
o+ 6.080 | L26 (8.0::0.8) X 10° 12,5003 1 12 gt -8
372 7,426 §7.92104 12.8140-38 1 yy 067 0 18
v 8.026 | L2 2001590 10.46%1 %0 1 g 75t
O | 75 | L4z | (L220.6)x0 o 1304109 1 13 gsE0 0
1z 10. 491 2.87 (150::40) % 10° 12.6140:30 | 12 gg+0-8)
0+ 6.972 | L4z | (451 0)x10° 1.08t030 0 12 501030
o+ 6.714 L4z (1. 6:0.6) 1057 0| 14087528 RRRTRE
or 5900 L4z | @oxlLbxie | i56t0® | erds
3/ 7.879 | 6lx1s oot | ggt0R
3/ 7.507 | V5214 1, JJdS:E}éf} _i&,‘ii__:i. 57f8;§3__
5/2- 8.637 (L 1::0.2) % 10° be(,_gi;; ugertd: ig
372 6.135 (L 8:£0.6) X 10° 10.980-82" s 1 9052
o 8.482 L20 | 350120 13114081 s 373
o 8.437 L20 | .(21%1.0)x10° 1.0+ u 30+ 9:71
oz | 1L100 | 2.47 210480 19.08 2 ,’10 29“:'_8; 50
o+ 6. 393 1.20 (12:£2) x 103 15,0503 | 15, 417 0-20
/2 6. 869 _ (L.6:0.4) X 10° 11.08+0-32 ‘\ff ésigjg? .
ot 7194 | L00 | (3.3:0.8)x10% 1.93%8:3 | 12,2313
5/2* 8.640 162 ©| 25050 1205708 | 12 3+0.27
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" !.Compound Target Bl a) . |A|c> .’ :b\‘ d) ) @obs MeV-Y)
.. Nucleus Spin . (MeV) (MeV) R _ (V) Ericson Lnng-LéCouteur
AN o- | &m0 | 100, (3411 1 x10° 012.6270-9 | 12,95+0.26
R 0* 6468 | L00 | (33z0.9)x1e | 13207340 | 1assi%dT
e, .| 0% 5.575 100 | (L 1x0.3)x10° 17.0670:%9 |- 17.477+0-29
ANb | 9/2* 7213 | .| 36.0x46 L08R 1427500
Moy, 5/2+ 9.156 | L92 | 10040 1301505 | 18.2000-67
Mo 0r 6. 817 116 (L 20, 5) x 10+ W 08 | 1700 E8
Mo, | 5/2¢ | 8612 | 2.39 120::60 Yo L0 | eel08
Z 5
2 Moy oo | 5018 | 116 | 76550 Dt | et
WMo, | 0" 5.301 | 116 40075 S o20mt0 L 20751048
N Teq 9/2¢ | *6.59 . ~26:+5 n| 15715032 | 15087032
WRug | 5/2¢ 9.671 - | 2,51 o200 12387089 | 1264058
%Rus 52+ | 9.216 | 250 15:£4 16.75+04T |7, 024048
%R by 1/2- 7. 002 10.322.0 18.31F §: g,(.; 18, 53;?’: gi
%P dso 5/2¢ 9.548 2.78 1L 117 17. 24'_"85%?3 17. slz§§(_';
WA ga 1/2- 7.275 ' 50412 15611030 | 157+0.39
WAga 1/2 6.824 1 wizss 17, 93£§: §§ 18, 21'—*'({}: g(g:
H3Cdas 1/2+ | - 9.400 2.68 346 - 32ngg 17. eoz‘gggg
"Cdes 0~ | 653, | 138 200 19.257130 1 49627158
4Cdes 1/2+ 9. 048 2.67° 273 18481013 | 18787033
Blng %007 9.5:+2.4 17. 427022 17697022
CoSn |00 | 773 ° L3 14050 16.-32;*'§E§§ 17, 1zT§?§
5Sne; 0* 7.587 - | 1.32 32090 “ 16, 03058 | u6.34 10 2L
WSne | 1/2* 0.563 | 261 | - soxz0 D 16.42 '_?}7,?; 1. 70:':§'-%?
WSng 0+ | 694l 1.32 250::40 ‘ 17. 50+ g j‘; 18, .1.3'_—‘_'85 j}é
:ifn“ 1/2+ 9.331 2.56 | 65215 16.4470-3) | 16,7270 3
105 o+ 6. 481 1327 730:- 180 P 167049 | 17534003
'S, Y2+ | 910 | 260 4|  62xlz 170803 | anar
°WSmn | ¥ 0% 6. 182 4 132 24050 ,20.11%049 20‘.'50?8: 1
'#Sbn, 5/2+ 6.798 | 132 17433028 | 17, 70+ 26
5iSbry 7/2¢ 6. 432 3013 ST 62'*_‘8522 16. gojgfég
HTew | O 6.943 | 104 1308 . 1843401 g 750 11
Tes, 1/2+ 9. 408 228 33+9 . 16957000 | 1r.22X 04T
#Ten 1/2+ 9. 092 224 | - d6xll : ot L st d
$Te, | O 5.895 104 | (5.7x0.8)x10° 14817025 | 15 19+0.25
Bl 5/2* 6.797 x5 ¢ | 17027047 | 17,2970.47
21, 7/2¢ 6. 498 | 2116 - 7. 20+8j§§ 17 4818:2;
- -0.39 $ 77 =0.39
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fr

Compound | Target \\.\\ a) " ) c) dj Y s (MeV-Y
__ Nucleus Spin - én(MeV).! lA(INIqV) D A ToeV) f—lg:-:*icson o _L-:‘u"l;r:;E;lteur
HXes 3/2 8933 | 2.1l 311 16.87-+0.05 | 17.15:0.05
%Xy, 3/2t | 7.8 | 165 507 ® 1.9ty % | 142tk
WCsy | 7/2 6705 20.7£4.7.. 169175090 | 17,38+0-40"
_ ¥Ba, 3/2* 9.230 | 2.18 3549 S BTN o BT
¥Br, | . 0* 6950 | 113 | (3.8%F§)x1o BRI S B PN Tt
PR, | 32t 850 | 167 160+2°0 RIS Pl BB LW Ry
®Br, | 0 4720 | L13 ©.6£3. 9Hx100  pHl i 1750108 | 1811703
Loy .| 5 8.700 | ‘0.5 4126 Sowmesy R ) 16
®Lag, | 7/2+ |  4.998 110::20 " 18,30+ 03 | 15,66+ 037
%Ce, o+ 5. 437 1.21 @.0xLOyx100 1) 17,9570 |- 1g g0
WCew | 0 51060 | L2l | ox0zxle | 247780 | 20957050
Py, | u5/2* 5. 852 83.8:12.1 17,0798 | 157t0 B
WNda |- 7/2" 7.80 | 203 |- 1949 19.38+3 8 1 19701
NG /2" 7. 561 2.18 25:+9 20. 1070-8 1 20044+ 8
WPmy |, 7/2¢ 5.917 5. 7115 p| L0ty 5 21 62 -0-0
Sy, 7/2 8.142 | 190 7.9:1.3 19.87+0:8L | 20,167+0-3L
Sme | 7/2° 7.982 | L90 | 3.2220.53 21,95+ 033 | w20 95+0.33
HiSme 0* 5609 | 115 24 27.87" 180 | 28 30+ 168
HSme  |5/2,7/2- 8224 2,00 L3x0.5 - O 2 6770 & \ 23;97jg:g§
BSmy | 0¥ 5.885 | L15 |  60£20 o 24.62°08 1" 2502008
HEu, | 5/2¢ 620 || 0720w 21,5670 | g g7+041
UBuyer | 5/2* 6.385 | .. 1.3:0.4 B = NS I X B o
%G 3/2- | .8.527 196 | 199032 o226t 03L | 2m0atl 3L
TGds | 011 ge 6,308 0.99 75419 22057051 | 22,400-57
#Gd | 32 | 7.020 2.0L | 6.1x16 u2. 547050 | 22867007
2 Ths 3/2+ 6,400 ‘ 1.300.78 2185703 | 29,1470.36
Dys | 5/2¢ 8.200 | 196 | 2.55+0.38 122637030 | 23,03+0.50
8Dy ot 6.253 | v 0891 42146 Dl 2342703 | 2378403l
%Dy 5/2- | 7.657 197 | ©9.6xl6 " 2188703 | 2221703
‘How | 7/2° 6. 331 ”“5. 67::0.74 20667521 | 20.9570-24
'REn oo 6. 841 0oz | 7irlz 24987037 | 2531753
SEr, o | 6.644 0.92 1745 ¢ 23.99+0:6 | 24.32+(-89
% 0 6.4 | 0.92 4727 o 22.7133032 | 2308032
SEro 7/2* 7771 | 1.99 40604 ,229/413 21 2326703
2B o+ | 5907 | 092 | 10030 2278018 | 9315+0.78°
WTme | 1/2° 6. 386 6.6+1.3 225870490 | 22.8870-%0
'3 ¥Dss 0+ 6.790 100 20 23.57 L% | 23901738
, - B 5
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S | e _
Compound | Target a) ’ c) l " &) -T”——t;;: _.”—*:_T(KfieV“) i
" Nuﬂcus . Spin BEMCV) -lég\'lcV) Poﬁ V) o Ericson , Lung-}.cCouteur
Y b e | s | 2.0 72417 23.387 030 | 325:"@?;-3},
Wb | 5/27 7440 | 2705 7.81.0 23.52+0-28 | g g7#0-88
Y by o+ 550 | L00 | , ;;250_—*;60 2134050 | 23,5540
SiLthos 7/2* 6.190 610,62 D % 0y 0-31 |, <22, 59038
it | om0 | Lo 2,87:£0.27 n 2suigE | zekdd
i |00 | ewo | onm Uy 218707 | 2502
e | /20 720 |21 | 2oz 262408 | 206! 040
BHl e o |, 6070 | L1 “ 55:4:8 24.75+0-30 1 95 147+0-31
1 g 9/2¢ 780 | 2.8 | l58x05 24.0370-19 |- 24, 57+0.12
WH 0 ot 5.951 L1L | © 4140230 23. 207050 | 23687501
Wlae | . 8* 7610, | 097 | v 15 | 2Ls2tl-® |, 22.08" 12
wlaw | 720 0] G CN ‘I‘ ,1 33::0.51 22, 28" i
W 0+ 6. 187 Ly | ol 568 o | L21.8510-38 1o 05031038
W 4, /2% a4l |2 | i58e20 24.86F -2 | 25,2002
HWa 0* .748. | L2z [ " b3wlo 25. 617078 | 26.03+0:53
W, o* 5. 460 123 [( 87::10 ) 27 197 0-8 | 27,6303
"Rengs: | 5/2¢ 6:243 1 3.2:0.6 ~ _2sf0 8 | 2312008
Rey, 5/2¢ 5.725 ; ”6 1.9 1608 | o ag080.
OS2 1/2- 7. 830 L (:;"8 | ;’?..1416'_ 22 a2tl-08 | 99 63+1.03
08y, 3/2 70 | L8 | [[5.0xL1 22.9910-46 | 23,50+0-40
ey 3/2¢ 6. 150 N EE RN 23.947047 | 94 95+0-47
Wr, . | 82 6,103 §8.5+L3 22304030 1 22614031
WPt | oy 7.920 | L59 | 19.313.6 2L gt Q8 1 a3
AUy, 3/2¢ 6497 ¢ 115.8::2. 3 20, 247821 1 20537027
mH g, 0* 6. 653 0.72 | - 100::30 20.9070-% | 21006
S P 1/3- 8. 026 1._33 34¢1$ .-. 18,20+ 38 18, 48638
g o 6. 227 0.72 | | (L3x0.1)x10 17563073 | 17.00404
BHge | 32 7760 | Lez | ¢ lox20 . 17.04%0:38 | 1 p5+0-88°

™ 12 6. 663 (2.220.8)x10° 13543020 | 13831020
T, 1/2¢ 6. 524 | asEnxioe 10.98+0:57 | "1y 97057
#Pby 0* 6. 735 0.80° | | (@ad)x10° " 12.30+00-22 | 1970702
WPb,p 1/2- 7. 375 161 @227 X 10° 187082 1 9 164052

=§3.!7f:{,’r oo A, 37+ 0. 80 (110 40) x 10% 12.820-80 | 1y 3081
BBy 9/2- 4.59 |+ (5. 42:£0.62) X 10° 13.8149-20 | 14,2040
% Thus o* 196 | 080 | . 124xl1 34.061020 | 34524026
HPa 3/2- 5.524 0. 443:£0. 065 ©ol 8LasFd8T 1 31804037
%Pa,q 3/ | 512 1.03+0,15 3L.46%0-38 | 31837038
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JAERI 1183 Table 19

Compound | Target - a) IJ[C) D d) _ Qaty g (McV-1)
Nucleus ‘Spin MeV) MeV) | o (eV) Ericson Lang-LeCoutcur
R 0* 5. 879 0.81 14.2:43.6 ° 28,7408 1 29 127008
WU b 5/2¢ |, 6.781 L45 | 0.993::0.077 ' 29, 67+0-18 " 10 021018

// s -0.17 —0.17
UL or " 5267 0. 81 18.0:7.3 BRI U1 o PR VR e
2U 7/2- 6. 467 1.39 0.67+0.13 . 31297058 1. 31667052
DU 0* 5. 304 0.81 . 2749 30, 147+ 1.02 30,57 +1.01
: . . ~0.7L, ~0.71
AW 0" | 781 0.81 18.1::2.3 S B - B T oo
BN 5/2¢ | 5,426 0, 720-:0. 079 . 50, 08-0-2¢ 30, 43020
2Pu,, for 5.616 | 0.69 11645 2l 29,2870-88 | g G708
- . - " . RN g it . - . 'F‘ _"_.
%0Pu,, 1/2+ 6. 466 L2t | 2.3:£0.6 30.800-7L |y a6t IL
WPy, 0* 5. 413 0.69 H4x2 30.66+0-33 | aLost0- 3
WPu, | 5/2¢ | 6219 | L26 .| 117x0.17 S I i R
wAm,, | 5/2 “5. 475 o 0. 5780, 093 . 30.4070-40° 1 30,7910 40
0 . t ) - .. :
WAm,, 5/2- 5. 2883 1.5+0.3 20177080 | 29,530 8L
- i __"'--i". . ..1""
HUCm,q 5/2+ 6.720 .| L27 |, iézoj‘fs 23,0618 2340t E T8
It
a) Mattauch ¢2 al.*®(1965), unless otherwise supcrscjxj'ipted with b.
b) \Vupslrnl:“ (1960) ) I .
¢) Cameron® (1958) “,

d) 'Computé;l from Refl. 11", un‘l‘ess otherwise superi;cripted with alphabetical characters,
e) An average among a few values, i

) Compuu.:'d from Ref, T'®

£) - Newton™ (1956)

h) " Bilpuch et a2 (1961)

i) Bowman et al.'" (1962)

7Y " Gilbert and Cameron'® (1965) "

k) Stolovy. et al.* (1957)

D Ncwsoni el ql B (1961)
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Appendix

The total number of levels excited with slow weutrons is plotted varsus the neutron egergy.
A so.xd line represents the total number of levels when only those belonging to class A are
counted, and a dotted one gives that when levels of class B and sometimes even- of class €

are included.
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