
Z4AJ0C LJ)/7{jL 

JAER'I 1183 

Average Level Spacings and 
the Nuclear Level Density Parameter 

August 1969 

H * i 1 ii $ ft ft 
Japan Atomic Energy Research Institute 



« t . // - • • 

v 
I HI go ±n i t ii-i-jfcBI7iiO|fi;HAili|i~: 1AKRI• 1001-
l ; W * u « n o-S i^y^ jS t r t i l i io i i i f f i J A U vl 1001 

'2. m m n & f£;£2' a^ffltt*'^*'J:
 JAERI JOOI-

3- ^ $5 ^,;."' )a*'°' l l"0» i ;-I!ii«»«i' J AERI 5001-
^ T1* (Dili',1,-

- ^ ; - . • 

~;i. n n tea»ttia^uii«i- JAERI GOOI-

--•*-Si-si>-CiB'.KL;r- •SfcJTrfiJ^^^-'''h-ti-nWKfffiil^SKiJ-dH^J =PJ):T?ii-

Japan Atomic Energy Research Institute publishes the iionpcriodical 
reports with the following classification numbers: 

1. JAERI 1001- Research reports 
2. JAERI 4001- Survey reports and reviews ,. 
'A. JAERI 5001- Annual reports 
'1. JAERI 6001- Manuals etc. 
Requests for the above publications, and reproduction and translation 

should be addressed to Division of Technical Information, Japan Atomic 
Energy Research Insitute, Tokai-mura, Naka-gun, Ibaraki-ken, Japan 

rais-ffiSEfT' !i * «! -r h & 3t m 
HI m T̂ r fl% EJ i!F HJ B'J t * 5K & *± 



JAERI 1183 

Average Level Spacings and 
the Nuclear Level Density Parameter 

Summary 

Tlin nvcrngo levol spacing />„ was rompntorl with neutron resonance capture data summarized 

in tiNL-.'12n,'-;ind 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 D0. The 

less reliable or ambiguous group of the D„'s was then fixed by taking the systematics into 

consideration. It was also decided from the systematics that the 'error involved in the D,' s 

would be at most of the order of a factor of two'. 

The level density parameter a was calculated ..with the fixed value of the level spacing Z?0. 

The effect of an alternative choice of the level density formula or the "moment of inertia on 

a was discussed and its dependence on the nucleariL radius parameter was studied as well. 
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1. Introduction 

The neutron resonance capture can be directly connected 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 papers1"16' 

have estimated the average level spacing Do of the nucleus- from rather irregularly locating 

resonance .-• .ks to deduce the level density parameter's. One, however, finds at the first glance 

that various values are assigned to Do even when the same source of data, namely BNL-32517,I8), 

are used. Recently, the more improved data became available, which were summarized in BNL-

325, 2nd edition, Supplement No. 210' (from now on, the literature shall be referred to as Ref. II 

and the Supplement No. Vsh as Ref. I). There the compiled data are consistently evaluated 
I : 

mid classified into three groups, consisting of well established (henceforce denoted as.class A in 

this note), of not well established but consistent (class B), and 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 Do available at the present. 

Recently, a new level density formula has been derived""' by introducing a stepwise function 

based on the Nilsson single particle level structure as the single particle level density. It was 

found that the formal identity is obtained between it and the well-known formula, (iQE)0^^^/E"1^, 

-derived from the Fermi gas model with an equi-distant spacing approximation, if the level 

density parameter is defined by 

"' a = ao+x(A)Z,E-), •- , - ( 1 ) 

u • ' 

instead of a constant «o- Here % is a function not only of the nucleonic mass A and charge Z 

but also of the excitation energy E. This function x a.t a given .E-valiie gives systematic 

deviations, often attributed to the shell effect, from the average behavior ao 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. 

At this stage, it was felt necessary to re-evaluate the experimentally obtained the Do's by u t i 

lizing the resonance data' best known to us. This was performed in this note not only by 

compiling several authers' values of Do but also by computing the Do's from BNL-325, mostly 

from Supplement No. 2, the 2 nd edition. 

o 
2. Theoretical Treatment 

The average level spacing is computed by fitting the'first N observed levels, by least sqares, 

to the formula 

£ f = £ o + « A > , ' « = 1 , ,N ( 2 ) 

where .Eo'and t n e average spacing Do are parameters to be determined and £n is the energy 

of nth observed level. In cases where only a few levels have been observed and a well defined 
• •T"i* ^ 

region E\<En<E[ has been searchJd,.,one may add to the Eq. (2) one or both of the equations 
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C2a) " 

lhesc are to assume that the lower and upper limits, E; and Ef, of the searched interval occur, 
• • ; < i • • • - • • • • • • / / • 

on the average, midway between levels. r^'. ••. 

On the assumption that..no levels have been missed or wrongly1 attributed to the nucleus. 

studied; the expected error in the average value Do of the spacing between levels is given by 

the estimated variance " 

«ir*=iim<.H-uylL<.E«-E<!->iD)- • '"'•' °" ( 3 ) 

where /3DD is an appropriate weighting factor. The quoted errors for Do in the Table 1 are 
o .- . ' „ ; ' ' . . & • ' • . ••• '• 

±(7D defined by Eq. (3) with /3m) = 1 . The variance is an underestimate,. because, it takes no 

account of the possibility of missed or wrongly assigned levels and the errors-included in the 

cnergy'rvalues of observed levels. 

The inverse value Da'1 of the average spacing thus fixed represents the density/of the.nuclear'" 

levels of the compound nucleus at an excitation energy E and with a given value of,the spin 

j . The binding energy J3„ of the neutron gives with a good approximation the excitation'energy 

II of the compound nucleus, except for a few nuclides in which the low lying levels are extremely 

rare and therefore higher levels are necessarilly included in the analysis. 

1( For the spin / of,.trie'target nucleus, one finds . ][ 
D0-y = ±p(E,j=±) °" for 7 = 0 

O 

°ti = i(-"(E' ,1+T)+1'{E> I ~T))
 fo^ *°, 

( 4 ) 

where !>(.E,j) is the spin-dependent level density at the excitation energy E and with the spin j . 

Since initial state has a well-defined parity, the observed levels have only one of the two possible 

parities. ' This introduces the factor 1/2 in the right 'hand side of Eq. (4). For a few cases 

where the I value of neutrons is different from zero, the necessary alterations are to be added. 

Of many modifications of the level density formula, two formulas derived by Ericson2'5 and 

by Lang and LeCouteur'"5 are the most frequently used. According to them the spin-depen-

dent level density formula is given by either?. .-( 

or 

• A . , . — . • < & < . -

respectively, where a is the so-called spin cut-off parameter and t, the nuclear thermodynamic 

temperature, a is related to the nuclear moment of inertia £F by the equation235 

Ji is the Planck's constant divided by 2~. Two different formulas (5a) ane (5b) are derived by 

virtue of slightly different saddle point approximations. -The answer to the question which 
o 

formula is more preferable is to be found by comparing them with the observations. The 
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nuclear temperature T is given by 

(7a) 
u 

, (l... (7b) 

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

The quantity U appearing in Eqs. (5a) and (5b) is introduced to treat the pairing effect 

and is called the 'effective excitation, energy'. It is related to the excitation energy -E'by1,;!l) 

U=E+J ( 8 ) 

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

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

the sum of both pairing energies for even-even' nuclei; J is zero for odd-odd nuclei. 
» 

3. Procedure 

Most resonance data-were taken from Ref. II. Reference I was used only when no reso

nance data were found in the former. The average spacing, Do was calculated by using Eq. (2) 

for all nuclides for which two or more resonance levels,are odserved in the energy region below-

200 keV*. In a few cases where Do was evaluated with even, higher excited levels, the 

.excitation energy was taken as the sum of the'neutron binbing energy and the mean energy 

of the lowest and the highest resonance level. . . . _!> 

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

n'amely, class A (denoted as/recommended' in Ref. II) , class B (written with bold-faced 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 more levels are listed. This graph is expected 

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

model is valid, since the excitation energy and therefore the nuclear temperature are practically 

constant, in such a short energy range. ~ 

The levels of class A alone were first plotted to sec the linearity in the slope. ,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. In order'to avoid ambiguity intruding' 

into the results as muchz-as possible an appropriate" energy region was chosen for the,computation^ 

so that almost all levels observed in that region were of class A, when the number of levels 

• used was (Sufficient to give a reliable value for Do. Stepwise plots(of the total number or levels 

versus neutron energy are given in the appendix for about 100 nuclides. The number of levels 

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

class C with a dotted line. 

The additional condition (2 a) was'-not used in this analysis. Instead, the justification of 

the values obtained or the choice of the more reasonable one from two significantly different 
• r. ,—; 

* The energy limit 200 keV was rather arbitrarily chosen from the consideration that an additional excitation of the 
nucleus by less than 100 keV as an average would be negligible compared with the neutron binding energy. 

http://to.be
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given values was clone by virtue.of the systemasics found in JDu (cf. i.Fig. 1) in the cases where 

only' -i few levels are observed and besides no) consistent values are available 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 exceptional nuclides, the error in the Z),/s unless otherwise, 
i; i! ()... ii 

quoted in the table was taken as a factor of two by taking the systematical behavior of the 

A) into consideration. , " ' " ]' ' 

In the calculation of the level density parameter a, both Eqs. (5a) and (5b) fa ere used in 

combination Svith Eq. (4). The neutron binding energy B„ was taken .from Wapstra's table23, a i ) 

and the pairing energy d was from Cameron's table0. In a few cases where the upper limit 
o - " "-: • i ! • I ; •' 

of the energy region used to fix Da exceeding 200 keV, the excitation energy was set equal to 

Iin plus the mean energy between the lowest and the highest level used. 

As the moment of inertia appearing in the spin cut-off parameter a, either that of a rigid 

body STriuid or an effective moment of/inertia'equal to 0'.' TSt'mw was considered. In either case,.. 

ST is proportional to the square of the nuclear radius parameter rn through the! relation 
ffriKil,=-|wnM5? !! ." . .. , : ( 9 ) 

\ : 0 • if . - " 
where m is the nucleonic mass and A : the'mass number of the nucleus(of interest. The r0-

dependence of a was studied. The a-values listed in the sixth column of Table 2 .were computed 

by using Ericson's formula, Eq. (5a), with !ro=l. 5X10"13 cm ; that is, 1. 5 fermis and 3\iKi<i. 

In the last column of the same table given jare those based on Lang-LeCouteur level density 

with /•()=!. 5 feiinis and £TriBi<]. 

4. Results and Discussion 

; • . - ! ' " - : . 

The computed values of Do are given iiv columns designated as VIII and IX of Table 1 

with compilation of data determined by several authors as'well ' through'columns'I ' to VII. 

The first and second columns give the compound nucleus and the target spin /, respectively. 

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

of resonances used to fix Do- The last column IX supplies the values of D0 computed With 

Ref. I I (the data were obtained with resonances of mostly class A nuclei otherwise denoted 

with alphabetical capitals in the parenthesis). The tenth column VIII gives those obtained 

by using Ref. I. For a few nuclides1"whose Do values are given without errors(Jin the column 

IX were obtained with only two levels. The errors involved are, however, expected from the 

systematics mentioned below not to exceed a factor of two except for 7r,Se and -"Cm. 

Now that enough number of data for Do has become available, we are in the position to 

find by means of a set of reliable data the systematics in trends of D() versus the neutron 
*, *' i j 

number ,N and in turn to tell within a^ factor of two whether a given uncertain value is 

reasonable or- not, or which is more reasonable when two significantly different values are found 

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

spin, the neutron binding energy, and the! pairing energy as well in the second, third, and 

* According to this procedure, alternatives were chosen for «P, "Cn, slCr, «Cr, "3Ccl, ""Sn, '""'Xe, "1'Dy,nnd ,c'JYb. 
I;or 5oF, "K, and '"Sin the two or more values different to one another were found equally likely so that the average 
of them was taken. Furthermore, it was concluded that the expected errors were to.- be at most a factor of two for 
all nuclei except for the above mentioned two, "Se andi!4,Cm. •'-' J 
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forth columns, respectively. 

In the computation of the level density parameter a from thus fixed level spacing Do, there 

are a few alternative choices involved; namely, either Ericson or Lang-LeCouteur level density 

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

radius parameter r« appears as an adjustable parameter in the calculation. , It was found that 

either 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 light nuclei. . 

Figuer 2 also shows the dependence of a on m." It was found that the ratio of the level 

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

' except for a few light target nuclei with high spins such as rMV. Non-rigid-body moment of 

inertia is equivalent, to that of the rigid-body STrij-id with an appropriate nr.value, as long as it 
. ' • • " ' ' . . . l ! . 

is given by the latter multiplied by a certain constant. Open circles in Fig. 2 represent a with 
- a non-rigid-body moment of inertia defined as 0.7 SrriKid27'~8) for m = l . 5 fermis. 

" . '.' . . • - l' 
By cosidering that the derivation of the level density formula based on the Fermi gas •• 

\model 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 a with errors deduced from those'contained in D 0 ; one based on Ericson level density and 

the other on Lang-LeCouteur level density. The former group of" fl-values is plotted versus 

mass number A of the compound nucleus in Fig. 3. 

One may find that a shows dips near the closed shells; this is particularly clear in three 

regions around N=50, N=82, and ^ = 1 2 6 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 

fl-values are plotted versus the neutron number N. One tentatively discerns two types of 

suppression in rt-values near the closed shell. '- That is, one of them is of short-ranged nature 

that appears only the rvery edge of the shell and the other is a long-ranged effect extending a 

rather broad region around closed shells; AT=50, 82; and 126. It is possible to find the reason 

...svhy large dips existing at closed shells above were not found at closed shells below 50, if one "' 

attributes these large dips to the existence of sub-shells with low-level densities in the proximity 

of such closed shells as 50, 82, and 126. One, may conclude that the energy gap at the shell 

edge only results in a small dip of the short-ranged nature. 

5., Summary,, 

o • ' 

Level spacings Do were computed from BNL-32518,1B\ and compared with those compiled 

by several authors1"16'. Well-established values of Do were plotted versus the neutron number 

to see systematic trends of the Do which in turn were used to determine uncertain Do. It was 

also concluded from the systematics that the errors involved in the determination would not 
° 

exceed a factor of two, except for two nuclides 73Se and ?f'Cm. 

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

D0. 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. " 

file:///model
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laWe V. Compiled average level spacings rO„ computed from the neutron resonance capture data. First and second solumns give the compound nucleus., 
and the target spin, respectively. Columns designated with I to VII represent average level spacings deduced Y>y several auttiors aud tVvose com
puted in this note using Ref. I and. II are tabulated in columns VIII and'IX. < =• 

The numbers given in parentheses in columns I, VIII, and IX represent the number rof levels used to fix D0. Resonance levels only.in the 
neutron energy range below 200 keV are used except for "Na, "Cr, and :°'Pb. ._ 
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( 4 8 . 8 ± 1 . 5 ) x l 0 ' (17) 

(21. 05+0. 49) x 10'(18) 

r • 

- , <• 

'-" a 

o 

„ 

(1.89+0.14) xlO3 ( 5 ) 

t 
• — 

• o . 

( 2 . 1 8 ± 0 . 2 1 ) x l 0 ' ^ ( 4 ) 
/; 

d 0 ,. 
3 

(2 .58±0 .90)x l0 3 ( 4 ) 

n 

£\ 

~500 

10x10 ' 

lOxlO3 

~ 

~ . ' • 

5 

O ' 

a i- ' 

-

M in 

110x10' a) 

150x10' a) 

60x10 ' a) 

j 50x10 ' a) 

a) 10x10' a) 

1 
b) hi \ 
-A 

1 
j 2 x 1 0 ' a) 

. 

. 

1 " : .< 
i 2 x 1 0 ' a) 
/ 0 • 
1 '•••• 

\. 

" 2x10 ' a) 

W 

50X10' a) 

201x10 'a ) 

346x10 'a ) 
; 4 x 1 0 ' a ) 

, 'O 

V. ' 

27.8x10'a) 

11.2x10' a) 

J9.5X103 a; 

0 

-

c 

•0 
= C 

i i 

1.26xl0 ' :a) 

\> 
29x10 ' a ) 

^ i _ ^ 

' - • " V 

V 

O 

~ 

(50±10Jxl01 

55x10 ' 

30x10 ' 

~ 

" ,r _ 
; 

~ 

- 2100 "̂  12^9 

27x10 ' 

• | v. 
-

a) 

a) 

a) 

c) 

a) 

= 

13.3x10' 

13. :)xio> 

10x10' 

'"' 10x10' 

(49±10)xl0> 

JN 

60xl03 

2 . 2 x 1 0 ' , 

(30±G)xlO' 

(22+4) x 10' 

(123+50) x 10 

3. 3x10'_ 

, 30x10' 

(44±8)xlOV 

38xl03 

3. 3x"i0' 

(25+4) X10' 

( VII ( - W 

a) 
a) 

a) 

a) 

a) 

a) 

a) 

a) 

a) 

' a ) 

a) 

^J 

"' 
(4+0.8) x 10' 

(66+15) X 

.- * K 

]c28±12)xl03 (4) 

I0'(15) 

(170+10)XlO'^ j 

''J 
6x10 ' 

WxlO3 

c 

• : i C 

I 

\ 

[ 
1 

(3. 7+0.4) x 10' I 
• - ' -

a)|" = ; 

a) 

a) 

a) 

; 
- i 

: 

( j ; 

( 2 ) 

(2) 

(26+7) X 10s ( 8 ) 

,-
(87+5) xl0» ( 3 ) 

(40±29)x l0 3 (ff) 

(37+8) X10' ( 6 ) 

t 

(25+8) X 10' ( :4) 

( 2 . 9 + 0 . S ) x l 0 ' (13, C) 

(55±15)X10' (5, AC) 

( 1 . 6 ± 0 . 3 ) x l 0 ' ( 5 ) 

(45+15) X10' ( 4 ) 

(2.82±0. 70 )x l0 ' i (20) 

(20 ±5) x 10' (14) 

(3. 6+0. .9) x 10' (10) 

(18+6) X10' (8,C) 

(2.61+0. 45) xlO3 (16) 

(4.39+0.53) x 10* (20) 

(19+8) x 10' (5,C) 

(46+7) x 10'- ( 9 ) 

(3..2±LL)xl03 (10, B) 

(48+37) x 10' (3,B) 

(2.97+0.63) x 10' (42) 

(21 ±4) X10'^ ( 9 ) 
:\i 



/.'' 
C.N. 

" F c 
5,Fc 
C0Co 

"Ni 

"Ni 

"Ni 
: 6 ' C u 

"Cu 

"Zn 

<;Zn 

"Zn 

"Zn 

"Ga 

"Ga 

"•Ge 

"Ge 

"Ge 

"Ge 

"Ge 

"As 

"Se 

"Se 

"Se 

"Se 

" S e 

"Se 

"Br 
«=Br 

"Rb 
! 'Rb 
,5Sr 

"Sr 

/ 

0* 

1/2-

7/2" 
0+ 

0+ 

3/2" 

3/2" 

3/2" 

0+ 

0+ 

5/2" 

0+ 

3/2" 

3/2" 

0* 

0+ 

9/2+ 

0+ 

0+ 

3/2" 

0+ 

0+ 

1/2" 

: 0+ 

0+ 

0+ 

3/2-

3/2" 

5/2" 

3/2" 

0+ 

0+ 

I 

(3 .73±0 .54)x l0 5 ( 3 ) 

" 

O 

108.3±3.6 ( 9 ) 

" 

II 

£j 

90 a) 

~200 a) 

45 a) 

1.0x10' b) 

1.7x10' b) 

4 x 1 0 ' b) 

III U IV. | V J VI 

3 x 1 0 ' a) 

.-> 

= 

23 . : 2xl0 ' a ) 

25. 7 x 1 0 ' a ) 

2 2 x 1 0 ' a ) 

1 .4x10 'a ) 

1.99XlO3 a) 

1 .85x10 'a) 

690x10 'a ) 

300 a) 

205'' a) 

393 a) 

1 .5x10 'a ) 

40 b) 
34 a) 

833 a) 

1.18X103 a) 

23x10 ' a ) ( 2 9 ± 4 ) x l 0 ' 

29x10' a) 

26x10 ' a) 

L 

r-

(1+0.5) x 10' b) 

( 2 ± l ) x l 0 ' b) 

2 .5x10 ' 

29x10' 

29x10 ' 

' • • • • • - ' > • > ; . . 

- -'• 

204±69 
;-

2090±944 

91 ±17 

393 ±86 

51 ±17 
52 ±17 

900+70 

1183 ±246 

(6+4) x 10' b) 

1 vn 1 ME , e a 
i 

a) 

a) 
a) 

a) 

b) 

b) 

b) 

b) 

b) 
b) 

b) 

b) 

( 2 . 5 ± 0 . 5 ) x l 0 3 

( 2 4 ± 3 ) x l 0 J 

( 2 1 ± 3 ) x l 0 J 

( l ± 0 . 1 5 ) x l 0 ' 

(1 .7±0.4)X10 3 

-

( 6 . 5 ± 1 . 0 ) x l 0 3 

(1 .0±0.2) x lO ' 

(3.0±1.0)"x'l03 

77±9 

87±S 

( 1 . 5 ± 0 . 3 5 ) x l 0 ' 

140+20 

(3. 3+0. 5) XlO3 

( 3 . 3 ± 0 . 8 ) x l 0 ' 

55 ±10 
65 ±15 

j(21±4)xl0>. (10) 

( 5 . 9 ± 1 . 5 ) x l 0 ' ( 5 ) 

V 

S \ 

~ 

( 1 . 6 ± 0 . 6 ) x l 0 ' 
( 3 ) 

(1.53+0. 30) x lO ' (52) 

(21+6) x 10' ( 9 ) 

(21±4)x.L0J (10) 

( 2 . 3 ± 0 . 4 ) x l 0 ' (19. B) 

(1.06+0.14) x lO ' (21) 

( 1 .17±0 .24 )x l0 ' (17) 

(3. 4+0. 9) x lO ' (5 , AB) 

(5 .6±1 .9 )x lO J
 ; ( 6 ) 

720±190 ( 4 ) 

20x10' ( 2 ) 

320+90 (8, AB) 

190±50 ( 4 ) 

( 2 . 0 + 0 . 8 ) x l O ' (18,B) 

(3 .9+1.5) x 10' (10, B) 
-

(S. 5+4 .7 ) xlO3 (3,B) 

(8. 0+0.8) XlO' (4,B) 

87. 3+11. 4 (47) 

200 ( 2 ) 

(1 .2±0.6)X10 3 ^ ( 5 ) 

150+40 (10) 

( 4 . 5 + 1 . 0 ) x I 0 3 (9,B) 

(6 .9+1.1) x lO ' (4,B) 

61+13 ( 7 ) 

52+14 ( 3 ) 

( l . l ± 0 . 2 ) x l 0 J (6,B) 

(1.8+0. 6) x lO ' (6,B) 

350+120 (10, B) 

( 2 . 1 ± 1 . 0 ) x l 0 3 (9,B) 



C.'N. 

"Sr 

"Sr 

„ , 0Y 

"Zr 

"Zr 

"Zr 
95Zr 

"Zr 

"Nb 

"Mo 

"Mo 

"Mo 

"Mo 

""Mo 

"°Tc 
•ooRu 

>«Ru 

" 'Rh 

»°«Pd 
io«Ag 

iioAg 
11JCd 

'"Cd 

"'Cd 
l l4In 

"6In 
l l sSn 
U5Sn 
1,6Sn 

"7Sn 
l "Sn 
u 8Sn 

/ 

9/2+ 

0+ 

1/2-

0+ 

5/2+ 

0+ 

0+ 

q+ 
9/2* 

5/2* 

0+ 

5/2* 

0+ 

0* 

9/2+ 

5/2* 

5/2*. 

1/2" 

5/2+ 

1/2" 

1/2-

1/2+ 

0* 

1/2* 

9/2+ 

9/2+ 

0+ 

0+ 

1/2+ 

0+ 

1/2+ 

0+ 

I 

G 

37 .5±3.7 

209.5±33.0 

175.5+18.0 

13.81+1.60 

19 .4+7.5 

16.13±0.85 

7.15+0.60 

7 .5±0 .7 

153±43 

137±71 

54 .0±5 

240±120 

( 7 ) 

<4> 

( 4 ) 

( 5 ) 

C4) 

( 6 ) 

( 7 ) 

( 8 ) 

( 2 ) 

( 2 ) 

( 5 ) 

( 2 ) 

n 
~400 

15x10' 

3 .5x10 ' 

-

42.5 

~200 

~200 

z 

~ 7 5 

27.5 

...17.5 

34 

~230 

30.5 

7 

7 

70 

* 

a) 

b) 

b) 

a) 

a) 

a) 

{] 

a) 

a) 

a) 

a) 

a) 

a) 

a) 

a) 

a) 

m 

-

1 

14 _ a) 

33+10 b) 
8°tlo b) 
2 7 ± 7 ' b) 

__̂ , . ;.: 
~" 

150 a) 

150 a) 

300 a) 

W 
i 

4.85xl0 3 a) 

(. 
160 b) 

24 b) 

9.0 b) 

V 

( 6 ± 4 ) x l 0 3 b) 
(55±19)xl03(/=0) M 
(16±3)xl03 (/-l)n,b) 
(2±0.5)xl0 3a,b) 

t-x 

"• - -

VI 

4375+475 

218±95 

169+31 

-

24 ± 6 

24 

29±4 

13±4 . 

12±7 

21±6 

27+5 

36±11 

7 ± 2 

7 + 2 

S-

•r-

55 ±18 

b) 

b) 

•b) 

b) 

b) 

b) 

b) 

b) 

b) 

b) 

b) 

b) 

b) 

b> 

VII 

(4. 5+0.8) x 10' 

290±40 

( 1 . 3 + 0 . 3 ) x l 0 3 

(2 .5±0 .4 )x lO J 

55+5 

100±20 

C140±30 

21+3 

17+3 

35+4 

13.3+1.7 

31±6 

-- -22±4 

. ? • 

6 . 5 + 1 . 5 

, 6 . 5 + 1 . 0 

' 25+7 

,150+50 
: 50±20 

; 180±50 

25±5 
<svvj|0±50 

VI 

, 

.-

. 

^ 

26±5 ( 9 ) 

~ 

-

•: 

7 .1+1 .2 ( 7 ) 
/ . 

>! 

' ' ' 
r 

K 

210+80 (15, B) 

( 1 2 ± 2 ) x l 0 J (19, B) 

( 1 . 6 ± 0 . 4 ) x l 0 3 (11) 

(3 .3+0. 8) X 10s ( 5 ) 

250±50 ;.. (12) 

( 3 . 4 ± 1 . I ) x l 0 3 ( 7 ) 

( 3 . 3 ± 0 . 9 ) x l 0 s ( 4 ) 

( l . l ± 0 . 3 ) x l 0 3 ( 6 ) 

26. 0±4 . 6 (76) 

100 ±40 (14) 

(1 .2±0 .5 )x lO J ( 4 ) 

120±60 ( 9 ) 

790±740 (9, AB) 

400±75 ( 5 ) 

200 (2,'AB) 

15±4 : ; ( 7 ) 

10. 3 ± 2 . 0 (46) 

11.1±1.7 (14) 

50±12 (14) 

19.1±3. 8 ' (34) 

34±6 ( 7 ) 

200 ( 2 ) 

27±3 , ( 9 ) 

z 

9.5±2. 4 (11) 

140±50 (7, B) 

320±90 (6,BC) 

180±80 (4, C) 

250±40 (8, ABC) 

65+15 ( 8 ) 

730±180 ( 6 ) 



C. N. • / 
t 

"°Sn 
'='Sn 

•«Sb 
, : 'Sb 

' "Te 
, ; , Te 

' "Te 
, 3 'Te 

'='1 
130 J 

'"Xe" 

'"Xe 
,3,Cs 

'"Ba 

'};Ba 
'"Ba 

•»Ba 

'"La 
, ,0La 

"'Ce 

'"Ce 

' "Pr 

"«Nd 

'"Nd 

'"Pm 

" 'Sm 

'"Sm 
, s 'Sm 

'"Sm 

'"Sm 

'"Eu 

•54Eu 

1/2+ 
0+ 

5/2+ 

7/2+ 

0+ 

1/2+ 

1/2+ 

o+ 

5/2+ 

7/2+ 

3/2+ 

3/2+ 

7/2+ 

3/2+ 

0+ 

3/2+ 

0+ 

5-

7/2+ 

0+ 

0+ 

5/2+ 

7/2-

7/2-

7/2+ 

7/2-

7/2-

0+ 
5/2", 

7/2-
0+ 

5/2+ 

5/2+ 

I 

140+47 

14.25 ±0.39 

31. 29±0. 96 
0 ; 

11.68 ±0.73 

21.45±0.55 

35.4±11.4 

1000 ±700 

112.8±4.6 

. 

~ 

( 2 ) 

- ( 7 ) 

( 3 ) 

( 7 ) 

(12) 

( 3 ) 
• 

>.:• 

( 1 ) 

( 9 ) 

l i . 

" 

15 a) 

35 a) 
li 

15 a) 

- 5 0 0 a) 

21 a) 

35 a) 

=500 a) 

1 

25 a) 

7 a) 

3.3 a) 

\\ 

0.60' a) 

1.2 a) 

; m 
150 

i 
12 ± 3 
9 9 + 1 7 

- 1 1 
\̂  

i 

i 

1 

v i 

| 
I 

Uio 
\ 

. 

a) 

b) 

a) 

\ > 

[ .w 

22 

'" 

'%: .-
13.4 

17.56 

120 

5.37 

1.3 

, b ) 

1 
f 
i 
1 i 
1 
l 
i b) 
! a) 

b) 

a) 

a) 

v 

( 3 . 5 + 0 . 6 ) x l 0 3 

a,b) 

r 

> l x l 0 3 b) 

( 10±4)x l0 3 a ,b ) 

( 3 ± l ) x l 0 3 b) 

(1±0. 2 ) x l 0 3 b) 

VI 

. 160 ±79 

14±2 

28±1 

39±19 

66 ±18 

13.3 

18±6 

31 ± 1 

21±3 

49±10 

10625±4231 

64 ±13 

.-

5 .3±1 .6 

8 ± 2 

4±0.6 

1.3±0.5 

\ , W 

b) 30+8 

b)j 
b) 

b); 22±8 

b)! v 60±5 
j (5 .5±0 .8 )x l0 3 

b)! 13.3±0.7 
"* 1 
' b ) : , 27±5 

b) 

b) 

b) 

b) 

b) 

b) 

b) 

b) 

b) 

0. 87±0.14 b) 

: 25±10 

18 .5±0.5 

50±8 

i 

, ; 90±5 

40±10 

22+4 

42 ± 6 

7 .7±1 .2 

2 . 8 ± 0 . 3 : 

: 1.3±0.25 
c 45±15 

0.65 ±0.09 

1.25 ±0.09 

W 

r 

3 1 ± 1 ( 3 ) 

( 9 . 6 ± 3 . 4 ) x l 0 3 

( 9 ) 

/. 

5 .7±1 .5 

1.3 + 0.5 

7 

( 9 ) 

( 5 ) 

K 

62+21 

- 240+5.0 

13+2 
= 30±13 

130 ±10 

33±9 

46 ±11 

5 .7±1 .2 

19±5 

21±6 

20.7±4.7 

35 ± 9 
(3. 8+2.8) x 10 

460 ±250 

41±6 

110 ±20 

83. 8 ±12 .1 

19±9 

25±9 

7 .9±1 .3 

3.22±0.53 

24 

80 
0.72 ±0.14 

1.3±0.4 

( 6 ) 
( 6 ) 

(1-0 
( 6 ) 

(6, AB) 
(12) 

(10) 

(21, BC) 

( ID 
( 5 ) 

(24) 

(14) 
3 ( 3 ) 

( 3 ) 

(10) 

(28, C) 

(51) 

( 7 ) 

( 5 ) 

(13) 

(26) 
: ( 2 > 

( 2 ) 
(21) 

( 9 ) 

? 

> 
PI 
JO 



:i 

C.N. 

,ir'Gd 
l5;Gd 
,5SGd 

" T b 

>«Dy 

'«Dy 

'"Dy 

'"Ho 

' "E r 
,65Er 
, 6 rEr 

' "Er 

' "Er 
, : , Tm 

"»Yb 

'"Yb 

^ Y b 

, 7 ELir 
177Lu 

«"Hf 
,7>Hf 

' "Hf 

""Hf 
. 8 , H f 

, s 'Ta 

' "Ta 

' " W 
, s t W 

>"W 

' " W 
1!6Re 

/ 

3/2" 

0+ 

3/2" 

3/2+ 

5/2+ 

0+ 

5/2" 

7/2" 

0* 

0+ 

0+ 

7/2+ 

0" 

1/2" 

0+ 

1/2" 

5/2-

0+ 

7/2+ 

7" 

0+ 

7/2-

0+ 

9/2-

0* 

8+ 

7/2+ 

0+ 

1/2-

0+ 

0+ 

5/2+ 

1 

5.052 ±0.115 

5. 754±0.142 

6.81±0.25 

' • ' 

;•; 

2 .65±0.11 

1.05+0.55 

2.946±0.36 

3. 595±0.125 

3. 921±0. 203 

19. 6±0 . 9 

(16) 

(15) 

(15) 

(14) 

(2) 

(12) 

(26) 

..(10) 

( 3 ) 

] 

n 
2.1 

14.5 

1.15 

=200 

5 

7.5 

=30 

3.5 

1.5 

4.5 

= 1 . 5 

4.5 

50 

15 

3 

a) 

. a ) 

a) 

a) 
a) 

a) 

a) 

a) 

a) 

a) 

a) 

a) 

a) 

a) 

a) 

in ;( 

:i 
2 a) 

2.7 a) 

j 

7.5 a) 

0 

8 a) 

IV 

2.0 b) 

0 

3.0 b) 

3.5 b) 

1.5 b) 

4.3 b) 

75 a) 

1 

V 
l_-

: 

.8 
i; 
:',' 

! 
> \ 

VI 

*?~* ' 

• - ": £ . 

,_ 

< • 

4.35 c) 

o vn 
1.80±0.15 C" 

|33±6 

5 .5+1.2 

5. 0±0 . 6 
i 

2. 
: 
20+0.15_ 

42+6 ":" 

9 ± 1 
6.1±4 

; 
: 

3 .0±0. 5 

7 .1±1 .0 

8 .7+0 .8 

; 12±2 

; 3 . 3 ± 0 . 3 

2 .1±0.15 

1 
: 3 .8±0 .4 

]32±8 
5.6±0. 5 

125±40 

* ; 
: K-

'• 50±12 

12. 5±0 . 8 

; 130±30 

. 
i l3 .8±0.8 

= 1 i ~ 

W 

^ 

=• 

3.61+0.62 (16) 

2. 37 ±0.27 (21) 

-

c 

1 
L 99 ±0.32 (26) 

75±19 , (5 ,AB) 

6 .1+1.6 (13) 

4.30±0.78 (25) 

2.55 ±0 .38 (27) 

220±80 ( 4 ) 

9. 6 ± 1 . 6 (10) 

5. 67 ±0. 74 (45) 

7 .1±1 .2 (9,AB) 

17±5 ( 4 ) 

. 47±7 (13, A3) 

4.0 ± 0 . 4 (25) 

100±30 : (5, B) 

6. 6 ± 1 . 3 (18) 

20 ( 2 ) 

7.2+1.7 (26) 
7.8 ± 1 . 0 (21) 

° 250+60 (10, AB) 
" 

41+12 (16) 

3 .2±0 .7 : (48) 
: 55 ± 8 (11) 

5 .8+0 .5 (39) 

140±30 ( 7 ) 

4.33 ±0 .51 (75) 

,( 56±8 (11) 

15.8+2.0 (27) 

93 ±19 ' (14) 

87±10 ( 9 ) 

3 .2+0 .6 (19) 

I., 



C.N. 

' "Re 

'"Os 

""Os 

' " I r 

" 4Ir 

>"Pt 

" 'Au 

"»Hg 

"»Hg 
!01Hg 

" ! H g 
soi'p] 
2"T1 

*«Pb 
20.p[, 
2°»Pb 
2io B ; 

="Th 
"=Pa 

" 4 Pa 

»3U 
« ' U 
235U 
2 »U 
= 37U 

H'U 

"«Np 

="Pu 

= "PU 
24,Pu 
=4=pu 

="Am 

I 

5/2+ 

1/2-

3/2" 

3/2+ 

3/2+ 

1/2-

3/2+ 
0+ 

1/2-

0+ 

3/2-

l / 2 + 

l / 2 + 

0+ 

1/2-
0+ 

9/2-

0+ 

3/2-

3/2-

0+ 

5/2+ 

o+ 

7/2" 
0+ 

0+ 

5/2+ 

0+ 

1/2+( 

0+ 

5/2+ 

5/2" 

I 

% , 

24. 7 £ 7 . 4 

33.„<>+8.2 

(5.0+3.78) x 10* 

(4.73+1.30) x 10s 

i\ 

( 1 8 . 3 ± 0 . 6 ) x l 0 3 

(3 .42+2 .73)x l0 3 

15.1±2. 3 

0.973 ±0.026 

15 .1+1.3 
0.871 ±0.026 

15.7 + 1.6 

17. 71+0.62 
o 

2.49±0.41 

0.4275±0. 0406 

( 3 ) 

C3) 

CD 

( 5 ) 

( 3 ) 

( 3 ) 

C6) 

( 9 ) 

C7) 
(15) 

( 6 ) 

cm 

C7) 

( 7 ) 

n 
7.5 

S *• 

= 3 . 5 

= 3 . 5 

35 

30 

=100 

=50 

7 x l 0 3 

20 

0.55 

0.65 

20 

0.65 

3 
20 

a) 

a) 

a) 

a) 

a) 

a) 

a) 

b) 

, a ) 

a) 

a) 

a) 

a) 

a) 
a) 

n 

5 . 1 + 1 . 2 b) 

1x10 s a) 

25x10 ' a) 

400x10* a) 

40x l0 3 a) 

17 a) 

17 a) 

0.43 a) 

IV 

17.1 a) 

. 

A 

| 
L 

•• 

„" 

_ . 
2 + 1 

10+3 

(«£2 £ 3 
%& 8:8 
l £ S fr-1] 

: • 

b) 
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12 .4+1 .1 (122) 

0.443+0.065 (21) 

1.03±0.15 (15) 

14.2+3.6 (14) 

0.993 ±0.076 (28) 
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: 0.63+0.13 (77) 

27 ±9 (14) 
18 .1±2.3 (81) 
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2. 3±0. 6 (14) 
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I 
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p 
3 

> 
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C . N . 

2 " A m 

="Cm 

5/2-
5/2+ 

n vr'J IV 

1.462 a ) 

V .. VI VII 

1.25 ±0 .15 

12 .6±3.3 

VI K 

1 . 5 ± ( U (11, R) 

20 ± 6 (15, B) 

I ) Newton" (1956) , the number in a parenthesis gives the number of resonances used to fix D0. 

Ha) Stolovy et air' (1957) 

IITa) Cameron.'" (1958) 

IVa) Erba et a/." (1961) 

Va) Bilpuch et aV (1961) 

Via) Bowman et al."> (1962) 

\H) Gilbert et al."> (1965) i v 

\ I ) Computed from BNL-325, 2nd edition. Supplement N o . l " 1 (1960), the number in a parenthesis gives the number of resonances used to fix D0. 

K ) Computed from BNL-325, 2nd edition, Supplement No.2" ' (1966), the number in a parenthesis gives the number of resonances used to fix Da. 

The resonance levels used were mostly of class A (see text) unless otherwise denotod with an alphabetical capital in the same parenthesis. c More than one capital given at 

•-. the same time signify that the levels assigned to these classes equally contribute in the computation of D0. 

n b ) Good et at?' (1958) = 

fflb) Jackson et a[.s> (1961) 

IVb) Gibbons et aU" (1961) 

Vjb) Newson et a/.81 (1961) 

VIb) Benzi et al."> (1965) 

Vc) Colc.ct a/."' (1964) ^ 

Vic) Desjardins et a/."1 (1960) VId) Garg ct a!."' (1961) : Vie) Bowman ct al."< (1963) 
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Toble 2. Determined level spacing D0 and deduced level density parameter flois. The first and 
second columns give the compound nucleus and the target spin. The orbital angular 

}; n • momentum of the incident neutron is zero unless otherwise denoted with a cross in the 
first column. The third column represents neutron binding energy unless otherwise 
associated with an asterisk ; the latter gives an effective excitation energy, the', sum of 
the 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.25':cl 

The forth column gives the pairing energy given by Cameron/1 The fifth column is 
for the finally determined D0 by considering systomatics (see text). From the systematics 
it was concluded that errors contained in D0 did not exceed a factor of two.except for 
"Sc and :"Cm, The listed errors arc the deviations calculated with Et(. (3) as long as 
thoy result in deviations not more than a factor of two. D0-values without errors were 
obtained from only two resonances. The last two columns give values of the level 
density parameter computed by using two different level density formulas by Ericson 

; and by Lang and LcCoutcur, respectively, and with /•„ = !. 5 fermis and Eqs. (6) and (9). 
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0+ 

7 / 2 -

0+ 

5 / 2 -

0 + 

7 / 2 -

0 + 

6 + 

7 / 2 -

0 + 

0+ 

3 / 2 -

0 + 

5 / 2 -

0 + 

'0 
II, 

(McV) 

(i. 5973 

7. -15* 

7.3289 

7. 7307 

7. 9365 

8. 6-113 

S. 5765 

6.110 

7. 8015 

7.537 

8. 36'1 

11.135 

7. 420 

8.7666 

8. 8754 

11. 6280 

S. 1460 

10. 945 

6. 379 

11. 0545 

7. 309 

9.270 

8.17* 

9. 721 

6.254 

7.270 

9.299 

• e ) 

Ml 
(McV) 

2.10 

1. 54 

1.51 

2. 92 

1.51 

1.73 

3.02 

- 1.73 

3.20 

- 1.73 

1.47 

1. 44 

<- 1. 44 

2. 76 

: 1. 44 

1.45 

d) 

(cV) 

( 5 5 + ^ x l O 3 c) 

(66 ± 15) "X10' f) 

(170+10) x 10' 

( 26+f 3 )x l0= ' 

(21. 0+0. 5) X10' g) 

( 8 7 ± 5 ) x l 0 ' 

(.,oil)xio. 
(37 ±8) x 10' 

10' c) 

10' 

. (50+10) x 10' h,i) 

( 2 . 9 + 0 . 5 ) x l O ' 

(55 +15) X10' 

(1. 6+0. 3) X10' 

(45 '±15)xl0 ' 

(2. 82 ±0.70) x 10' 
i- " 

(20+5) x 10' *. 

( 3 . 6 ± 0 . 9 ) x l 0 ' 

(18+6) x 10' 

( 2 . 6 1 ± 0 . 4 5 ) x l 0 ' 

(4. 39 ±0. 53) x 10' 

( 1 9 ± 8 ) x l 0 ' 

( 4 6 ± 7 ) x l 0 ' 

( 3 . 2 ± l . l ) x l 0 ' 

( 4 8 i | ^ ) x l 0 ' 

( 2 . 9 7 ± 0 . 6 3 ) x l 0 ' 

(21+4) x 10' 

«o!n 

J-'ricson 
it 

• a 

.-} 04+ 0.54 
" V - 0 . 4 9 
-, r-r-l-0.17 
, J - J , , - 0 . 1 3 

4 .18 ± 0 . 0 5 

,1 iR+0.51 
" ' L l b - 0 . 4 8 ' 

5. 3 3 ± 0 . 0 2 

5 .16+0 : ' 05 

4- ^ - 0 . 3 ( 5 

r r r - l -0 .22 
5 . 6 6 _ 0 1 8 

r Q,-+0.5i) 
° - J , 1 -0 .5<i 
r. 1R-I-0.(51 
6 . 1 8 _ 0 5 8 

G " l9+ 0-20 
" • i J - 0 . 1 ( 5 

fi 7 4 + 0 - 1 7 

"• ' ^ - O . l - l 
r os + 0.33 6 . 9 5 _ 0 2 / 1 

rj ,0 -1-0 .19 
'• M - 0 . 1 5 
fi 41+0.36 
b- u - 0 . 2 5 
fi 7Q-l-0.24 
"• ' u - 0 . 1 9 
7 7Q +0.30 
'• ' 9 - 0 . 2 3 
n 0 9 + 0.27 
' • u ^ - 0 . 2 0 
q l v r l -0 .56 
J " M - 0 . 3 9 

fi fi4+alfi 

" • » ' ' _ 0.13 

7 2 0 + 0 - 1 2 

' • ^ - 0 . 1 1 
6 94"1-0-'19 

° - J 4 - 0 . 3 1 

° ' ^ - 0 . 1 3 
R 17-l-0.44 
n - J ' - 0 . 3 0 

8 - l , 8 - 0 . 7 0 
7 Q 9 I - 0 . 2 4 
7 - b 2 - 0 . 1 9 

7 OO'1 '0-1 9 

' • u u - 0 . 1 5 

(MeV"') 

Lnng-Lo.Couteur 

. j '0+0.51 
" • i J - 0 . 4 9 
., 77+0.17 
•'• " - 0 . 1 3 

: 4 . 5 1 + 0 . 05 

' ' • • J J - 0 . 4 8 

5 . 5 6 + 0 . 0 2 

c" . , + 0 . 0 5 
;>•.' - 0 . 0 4 

• • • ' • w - 0 . 3 6 
' , n!--1-0.22 
° - J ° - 0 . 1 8 
fi TQ+0.59 

G - 4 2 - 0 . ! ) 8 
fi / I f i +0.20 
l , - ' l b - 0 . 1 ( i 
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1D ^o+0.5(5 l a , v - 0 . 3 9 
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15 

Target 

., Spin 

0+ 

.V2"' •.. 
7/2-

0+ 

0+ 

3/2-

3/2-

3/2-

0+ 

0+ 

5/2" 

0+ 

3/2" 

: 3/2-

0+ 

0+ . 

•9/2+ 

0+ 

0+ 

3/2" 

0+ " 

0* 

1/2" 

b + 

0+ 

o+ 

, 3/2-

3/2" 

5/2" 

3/2-

0+ 

0+ 

9/2+ 

0+ 

1/2" 

0+ 

5/2+ 

a) 

(MoV) 

7. 642 

10. 0-12 

7.491 

9. 003 

7.821 

10. 600 
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, f 79+0 .39 
J.O. ' - _ 0 3 1 

1 7 c . ,+0.49 

, 7 o7-l-0.34 

90 50+°-'1(i ziu.ou_0 3 6 

, 7 7 0+0.26 
J./. 'W_0 22 

i6.9oi8:l 
1R 7 = + 6 . i i 
IS. ' O _ 0 - 1 0 

1 7 99-1-0.47 
•••'•-V0.35 
17 32 -h 0-4 1 

15 19+0-25 J.O. J . 3 _ 0 2 2 
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-1-'- ^ ^ - 0 . 3 5 . 
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T a r g e t 

Spin 
N#n 

a) 

(MeV) 
Mi 

c) 

(MeV) 
D, 

d ) 

fl (eV) Ericson 

( M e V - ' ) 

L:iiiy-LeCoiiteur 

3/2+ 

3/2+ 

7/2+ 

3/2+ 

0+ 

3/2+ 

0+ 

5 ' 

7/2+ 

0+ 

0+ 

" 5/2+ 

• 7 / 2 " 

7 / 2 " 

-,, 7/2+ 

7 / 2 " 

7 / 2 -

0+ 

5/2" , 7 / 2 " 

04J 

5/2+ 

5/2+ 

3 / 2 " 

, 0 + 

3 / 2 -

3/2+ 

5/2+ 

0+ 

5 /2" 

7 / 2 " 

0+ 

0+ 

0+ 

7/2+ 

o + •'-

1/2-

0+ 

8. 933 

7. 885 

6.705 

D. 230 

6. 950 

8. 5-10 

4.720 

8.790 

4.998 

5. 437 

5.106 

5.852 

7. 830 

7.561 

5.917 

8.142 

7.982 

5.609 

v 8.224 

5.885 

6.291 

6. 385 

.. 8. 527 

„•• 6.348 

v 7.929 

6.400 

8. 204 

6.253 

7. 657 

6.331 

6.841 

6. 644 

6. 438 

7.771 

5.997 

6.386 

6. 790 

2.11 

" 1. 65 

2.18 

1.13 

1.67 

1.13 

0.54 

1.21 

1.21 

2.03 

2.18 

1.90 

1.90 

1.15 

2.00 

1.15 

1.96 

0.99 

2.01 

, 

1.96 

v 0.'91 

1.97 

0.92 

0.92 

0.92 

1.99 

0.92 

1.00 

31±1 

500 '" k) 

20.7+4.7. . 

35±9 

( 3 . 8 + 2 ; 8 ) x l 0 3 

(9. 6 ±3 . 4 )Xl0 J f) 

41±6 •:' 

110±20 

(3 .0±1.0)X10 J 1) 

(1. 0±0. 2)X103 1) 

83. 8±12 .1 

19±9 

25 ±9 

5. 7 + 1 . 5 f) 

7 . 9 + 1 . 3 

3.22±0. 53 . 

24 

1 .3±0.5 ,/ 0 

60+20 e) 

0.72+0.14 

1. 3+0. 4 

1. 99+0. 32 

75+19 

6 . 1 ± 1 . 6 

4. 30+0. 78 

2. 55+0. 38 

42±6 j) 

" 9 . 6 + 1 . 6 

5.67+0.74 

7 . 1 ± 1 . 2 .;. 

17+5 

47+7 

4. 0+0 . 4 

100+30 

6 .6+1 .3 

20 

16. S7+0. 05 

LA. J b _ _ 0 9 7 

16 9 1 + S - ' 1 0 
10. J i _ o . 3 1 

16 vj + OA-l 
i b - J ' - 0 . 3 3 
n 7 9 + 1 . 0 3 

13 l l 1 0 - 9 ? 

ii , 7 en l 0.93 

1 J - J , 1 - 0 . 1 6 
ID ...-1-0.37 

r-18- J 4 - 0 . 3 l 

17 g T ^ - * " 
^ - " - 0 . 5 ( 5 

•2L47i8;» 
1 7 . 0 5 ^ ; l 

1 9 . 3 8 ^ 

2 0 . 1 0 ^ 

21 SO-1'0-51' 

U1 S7-I-0.3L 
i 9 - 8 ' - 0 . 2 ( 5 
91 QR + 0 .33 

9 7 fi7+1.(59 
2 7 - 8 ' - 1 . 6 3 
9 ^ fi7+0.!K 
• " • " ' - 0 . ( 5 1 

2 . fi9-i-o:89 

- 1 - , 5 ° - 0 . 3 1 
• • > , ,,. + 0.68 

22.65^8. 

22-05*8:2 
w c.,-1-0.57 

91 sr, + 0.36 

9 9 fi,, + 0.30 

9'^ JO + 0 . 3 1 
^ • ' U - 0 . 2 7 
o i oQ"i~0.35 
- * 1 . B B _ 0 < 2 9 

20.6618:11 
24.98+8;g 
93 q9-!-°-69 id. .u_0 5 0 

22.73j8;g 
.99r:q/-/l-0.20 

= * r ' " - l w - 0 . 1 8 
9 9 7 f i +0 .73 
^ - ' - 0 . 5 3 

LtCi, " 0 _ A qrt 

a 

17.15 + 0.05 

14. 

17. 

16. 

14. 

13. 

18. 

13. 

18. 

': is. 
2 1 . 

17. 

19. 

20. 

21 . 

20. 

'.'J 22. 

28. 

23. 

' 25. 

2'!-

. 23. 

22. 

,. 22, 

22. 

22. 

22. 

23. 

22. 

20. 

25. 

24. 

23. 

23. 

23. 

22. 

23. 

+ 1.01 
- 0 . 9 7 
+ 0.-10 " 
- 0 . 3 1 
-1-0.-H 
- 0 . 3 3 
+ 1.03 
- 0 . 7 9 

1 1-0.5(5 
u-1-0.93 

- 0 . 5 2 
-1-0.20 
-0.1(5 
-1-0.37 
- 0 . 3 1 
-1-0. SO 
-0.5(5 

,c-l-0.50 95 -0.-10 
37+0.25 
d - 0 . 2 2 

•1-1.14 
-d.US 
+ 0.84 
- 0 . 5 7 
-1-0.55 
- 0 . 4 2 
•1-0.31 
-0.3(5 
-1-0.33 
- 0 . 2 8 

30+1.058 

9 7 + 0.92 
- " -0 . (51 

u~-0.(52 
Q 7 +0.41 
8 ' - 0 . 3 4 
r,-j+0.(i8 
J J - 0 . 4 9 

+ 0.31 
- 0 . 2 7 
•1-0.57 
-0.4-1 

86+0.57 

14-l-0.3(5 
1 1 - 0 . 3 0 
Qo+0.30 
J O - 0 . 2 5 
7 8 + 0 . 3 1 
' ° - 0 . 2 7 
9,-1-0.35 
^ x - 0 . 2 9 
on;+0.24 
9 £ > - 0 . 2 1 

12. 94 

2. 40 

+0.36 
- 0 . 3 1 
•-0.69 

- 0 . 5 0 
+0.32 
- 0 . 2 7 
+0.20 
- 0 . 1 9 
+0.73" 
- 0 . 5 3 
+0.40 
- 0 . 3 2 
+ 1:35 
- 1 . 3 2 
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7. G40. 
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7. 839 

7. 7G0 
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8. 026 

6.227 
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c) 
Ml 
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K 
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0. 97. 
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1.33 
I) 
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:::: 1.5. . 10 

4 . 3 3 ± 0 . 5 1 
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2 A « b - 0 . 4 1 

, 22.081 J; ^ 
:• 2 9 rg-l-0.23 

z - ' » _ 0 . 2 1 
r,- 9 U + 0 . 3 3 

I " , 1 ' -"3-0.29 
2 5 - 2 2 - a 2 5 

26.031°;^. 
97 G3"1-0-3 0 
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90 5 3 + 0 - 2 7 
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- J - ^ - _ 0 . . 1 7 
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Compound 

Nucleus 
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9 2 ^ 1 1 1 
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92 <-> 115 

:.n r r 
'.i: i-1117 
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5/2-
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Ml 
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0. 67±0.13 , 

, 2 7 ± 9 ' 

1S.1±2.3 

0.720± 0.079 

!16±5 

2. 3±0 . 6 
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< 2 0 - ? 8 

fluLj 

Ericson 

28.74^* 

29. 6 7 ^ 0 ; » 

.,, .,,-1-1.31 

.„ 9t)-1-0.52 
, u--"-0.-12 

30 1 4 l L n 2 
.HI. 0.-1 __Q 7 1 

" o, ,i-l-0.38 
• ' ' • ' -0 .31 

aaoBig:" 
2 9 . 2 8 ^ ; ; ! 

3 0 . 8 0 ^ } 

3 0 . 6 6 ^ : l 

o, "9o-l-0.38 
" U - 2 8 - 0 . 3 3 

M)-•''-0.3.1 
29 iT-lO.r,! 

1 Z J - i - - 0 . - n 
9't np''"4.^8 ' 
^ • U U - 0 . 5 1 ' 

(McV-1) 

Lang-LeCoutour 

9q ,0-i-0.(58 

"' .30. 0 2 ^ ^ 

31 74 ' i 1 - 3 1 

31 66- |-0-r>2 

30 57">-l-°l •"'••"-0.7L 
oi orvl-0.38 
" ' • t 1 j-0.3-1 
30 , n l ° - 2 ( i 

29 G7 + 0 - H 8 
Z J - u ' - 0 . 6 3 
31 1(V | ( ,-7L 

•u- l l '_0.5.1 

31 0 6 | 0 - 3 S ,u. u o _ 0 33 

.51. IH)_() 33 

o0 79-1-0.-101 ,5W. ' J _ ( , 3,j 

ou 5 r l -0 .51 

9'\ -lO'1''-''^ ZJ- -0.51 

a) Mnttauch ct n/.s6l(19S5), unless otherwise superscripted with b. 

b) Wapstra!SI (I960) j 

c) Cameron41 (1958) | 

tl) Computed from Ref. I I " 1 , unless otherwise superscripted with alphabetical characters. 

e) An average among a few values. 

f) Computed from Ref. 1 , 8 ' 

K) Newton" (195(5) 

h) Bilpiicli|c*a/.»(19Gl) 

i) Bowman Hal.'"(1962) 

j) • • Cillicrt and Cameron161 (1965) 

k) Stolovy el «/.=' (1957) .. 

1) Newson el alf- (196 L) 
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5 0 ; ..,; 100 
Neutron Number 
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Fig. 1 Systematic behavior of,-; the average level 

spacing versus neutron number and the neutron 

binding energy ; ,+ 'for even-even, • for odd-

even, o for even-odd, and A for odd-odd com

pound nuclei. 
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Fig. 2 Behavior of the level density parameter for 
several compound nuclei as the nuclear radius para
meter r0 changes. The solid line represents the 
level density parameter,; deduced with Ericson's level 
density formula and the rigid-body moment of inertia 

. £Trieid and the broken line is for that obtained with , 
Lang-LeCouteur level density and HTHUM. Open 
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" and a spin cut-off parameter computed with- 0.7 
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Ericson's level density formula was used with rigid-body moment 

of inertia and /•„ = 1.5 fermis. 
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Appendix 

The total number of levels excited with slow weutrons is plotted varsus the neutron egergy. 

A solid 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 G 

are included. 
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