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As a part of the evaluation work by a working group of the Japanese

239
Nuclear Data Committee, Pu neutron cross sections are being evaluated

at present. This is an interim report of the work, and collected data

239
of the Breit-Wigner single-level parameters for Pu resonances are

compiled in tables with a summary of the relevant experimental informations.

The multilevel parameters are also given in the Appendix. Subsequent

239
evaluation for the Pu resonance parameters will be made on the basis

of this compilation.

* NAIG Nuclear Research Laboratory, Nippon Atomic Industry Group Co.
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I. Introduction

As one of the activities of Japanese Nuclear Data
O Q K O OQ

Committee, the evaluation work of nuclear data for U, U,
239- 24O_. , 24l_. . .. ... .,

Pu, Pu and Pu are now xn progress. Along with the

other evaluation work for light, medium-heavy and FP nucides,

the purpose of this work is to support supplying good data for

JENDL, namely, the Japanese Evaluated Nuclear Data Library.
239This report presents the review of the experiments on Pu

neutron cross sections in resonance region and the table of the

collected resonance parameters reduced from the measured cross

sections using the single-level formula. The data compiled in

this work are those appeared after 1966, when J. J. Schmidt

published his extensive evaluation work . However, the

resonance parameters contained in Schmidt's compilation are re-

tabulated here without comments. Several authors apply the

multilevel resonance formula for the analysis of the experimen-

tal results. These sets of multilevel parameters are not

included in the present table but are given in Appendix

separately.

In chapter II, the present status of the available data is

described and in chapter III, the main features of each experi-

ment are given. Some remarks on the parameter tabulation and

the guides to the users are summarized in chapter IV.

II. The Present Status of the Available Data

sonance
D67),B7O),

239Recent measurements for Pu neutron resonance cross

sections were carried out extensively by Saclay Group

' and by Dubna Group '.

The parameter set obtained by Saclay Group seems to be of

high reliability because they measured <*T, a £• and <xnn with good

resolutions and analyzed the data simultaneously. It is note-

worthy that the resonance parameters have been determined up to

the very high energy region (0 ~ 66OeV") . Though we have

Uttley's parameter set (included in Schmidt's compilation ')

up to the rather high energy, the Saclay parameter set is only

one available above 300eV at present. In the low energy region,

Dubna Group measured tf«p, o^ and oT , and determined the level

parameters for 32 levels up to 86eV by analysing these cross
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sections„

There exist several studies in which the multilevel formula

was applied for the reduction of resonance data. Farrel

analysed the fission cross sections obtained from the Petrel
S66)

experiment using the Reich-Moore's multilevel formula.

Derrien et al. ' and James ' also adopted the Reich-Moore's

formula for their analyses. While, Gwin et al. utilized the

Adler-Adler's scheme for the analytical description of their

experimental data . These multilevel parameters are

summarized in Appendix of this report. Other papers collected

in the present review work deal with the spin assignment using
239

various methods. The spins of Pu resonances are determined
M65)

through the studies of the fission fragment kinetic energy ,

fission symmetry or resonance scattering measurement '

A67),K69),S7l)> Weinstein et al.W69^ carried out the spin

assignment assuming the correlation between the average fission

neutron number v and the level spin J. However, Trochon et al.

came to the conclusion that any correlation was not found be-
. TT70)tween v and J

III. Main Features of Measurements

l) A Series of Experiments at Saclay

Derrien 67)

The measurements of the total and fission cross sections

were made by TOF method using the Saclay Linear Accelerator.

The transmission experiments were carried out to obtain <* with
219five Pu-Al samples (containing 0.1, 0.3, 1, h and Ik g of J^Pu

per cm , respectively) at the liquid nitrogen temperature. The

energy range was from h to 700eV and the best resolution was

1.5 ns/m. The comparison of the results with those of supple-

mentary experiments at ambient temperature made it possible to

determine precisely the Doppler broadening factor ( J-?vE,

T) = 0.0122). Background determination was made with Au, Co, Mn

and Bi samples.

The fission cross section measurement was performed on a

16 meter flight path using the Ar (300 g/cm ) - N(25 g/cm ) gas

scintillators as a fission fragment detector. The measurement

covered the energy range from ^eV to 6KeV. Pulse width,
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frequency and the best resolution were 60ns, 500c/s and 6ns/m,

respectively.

Resonance parameters were obtained up to 500eV by shape

analysis using the least square method based on the Doppler

broadened single level formula. The details of the method are

described in ref. . Statistical study of fission width

showed the existence of two families of resonances, one having

a large Ft ( 75OmeV) and the other having a small Ff ( 45meV).

Considering the level population, each family was assigned to

be of spin 0 and 1, respectively.

Parameters 2gAi and F up to 442eV were obtained as well as

Ff,Fr and J up to 251eV.

Blons 70)

The high resolution measurement of the fission cross
239section of Pu was made using a gas scintillator containing

239960 mg of Pu as a detector. The incident neutron spectrum

was measured with a BF~ proportional counter placed behind the

fission detector. The neutron source, the pulse frequency and

the sample temperature are the same as the previous measure-

ment ' at Saclay. The improvement of the resolution (from

6ns/m to lns/m) is noteworthy.

For the calculation of af, B(n,a) cross section was

assumed to be "(n, (% (barn) = —jlAr _ 0.28. The value of a _
v hi \ eV ) 1

was normalized at 44.48, 47.6, 52.6 and 74.95eV to the previous
, D67)value .

The fission cross section curve thus obtained was used to

calculate Ff's with the subsidiary parameters (2gTn, F, FT =42

meV) obtained in the previous measurement . The reduction

was made in the following manner.

l ) . From 0 to 45OeV, where the resolution function was

well known, the values ofFf were calculated from Eo, 2gAi and

2). From 450 to 660eV, where the values of F were known

with the poor accuracy or when the values of F were less than

500 meV.

~ 3 -
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3). In the whole energy region, when the values of Fwere

greater than 500meV,

r f = r - ( Fr +

* g assumed to be

Trochon 70)
239

Elastic scattering cross section of Pu was measured with

high resolution based on the TOF technique using the Saclay

Linear Accelerator. Eight liquid scintillators were used. Six

of them contained B and were sensitive to the fission and

scattered neutrons. The other two without B counted the

fission neutrons only. The signals from the latter were used

to eliminate the fission events.

The level spin was determined in such a manner as the

theoretical scattering area (Ao)th agreed with the experimental

one (Ao)exp obtained from the measurement mentioned above. For

the calculation of theoretical scattering area (Ao)th =

—! ——p ' g* *!'— , the values for 2gTn and F were quoted from

the references D67) and B70). Level spins were assigned for

the levels up to 660eV. The previous and the present

analyses gave the same results for all the spins although the

methods of these two experiments were quite different.

2) Experiment at Dubna

Ryabov 70)

These extensive measurements consist of the total cross

section measurement with transmission technique and the fission

and capture measurement with self-indication method. Timo of

flight technique was employed on the 1010 meter flight path

using the JINR pulsed fast reactor as a neutron source. The

liquid boron scintillation detector was used to detect the

resonance neutrons in the transmission measurement. The meas-

urements of the total cross sections and those of fission and

capture were carried out using a large cadmium-loaded liquid

scintillation detector. Time resolution was kO ~~ 55 ns/m.

- 4 -
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With the aid of the area method, the resonance parameters

gFn, F , F „ and fr were obtained for 32 levels up to 86eV.

3) Spin Assignment I. Resonance Scattering

Sauter 65), Asghar 67), King 69) and Simpson 71)

The experimental conditions are summarized in Table I.

Sauter and Bowman assigned the level spin through the relation
2 2 2

S = (gTn) /rieTn /F), where gF n/r
 w a s determined from the

experimental scattering area, and gFn and F were taken from the

references Sch 65) and B 65). Asghar used the same method.

King et al. ' and Simpson et al. ' determined the level

spin from the measured values forT n/r, &Fn and/
1 . The values

for oQ Fn and gF n are given in S65) and A67), respectively.

h) Spin assignment II. Various Methods

Melkonian 65), Cowan 66) and Veinstein 69)

Cowan et al. studied radiochemically the symmetry of fis-

sion at individual levels from 15 to 82eV. Assuming that the.

ratio of asymmetric to symmetric fission depends on the level

spin, spin assignment was done for 22 levels. Melkonian and

Mehta's way of spin assignment was based on the same assumption

as Cowan's in principle. However, they did not measure the

symmetry of fission directly but measured the average kinetic

energy of the fission fragnments, and used the correlation be-

tween the fission symmetry and the kinetic energy.
W69)

RPI Group measured the average number of fission neu-

trons v and assigned the level spin through grouping of the

levels by *> values based on the assumption of correlation

between ~v and J. However, a recent experiment of the same
T73 )

kind , in which the Saclay 60MeV electron linac and the
proton recoil scintillator were used, showed no correlation

between v and the level spin J.

IV. Remarks on the Tabulation

The data listed in the table are divided into two groups by

dotted lines. The first group consists of the old data which

were already referred by Schmidt in his evaluation work. The

second group consists of the new data published after 1966.

- 5 -
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There are several cases in which single level assigned in the

old experiment splits into two levels in the recent high re-

solution measurements. In this tabulation, these two levels are

classified as one level. The splitting of these levels will be

considered in the subsequent evaluation work. In the new data

section of the table, round parentheses mean the subsidiary-

parameters cited from the measurement previously carried out or

one made by the other authors.

In this compilation, the papers are referred by the name

of the first author and the year they were published; for

example Blons (70), or, in the more abbreviated form, B70).

The old data are retabulated here only for references and

the detailed informations about them should be found in the

Schmidt's original report . In the old data section, the

quantities in round parentheses were calculated from the meas-

ured unbracketed quantities for comparison purpose.

- 6 -



Table 1 Experimental Conditions of the Four Scattering Measurements

Reference Neutron Source Flight Path
Pulse etc. Detection Conjnents

Sauter 65)

Asghar 67)

King 69)

Simpson 71)

Liverruore Electron
Linear Accelerator

Harwell k5 MeV
Lineac

Rensselaer 100 MeV
Linear Accelerator
la(r,n) Reaction

Rensselaer 100 MeV
Linear Accelerator
Ta(r ,n) Reaction

TOF Method
Flight Path; 17.8m
Pulse ; 0.6 1̂ sec

TOF Method
Flight Path; 50m
Pulse; 200ns,200Hz

TOF Method
Flight Path; 25m
Pulse; 10~100ns

TOF Method
Flight Path; llm
Pulse; 250ns,48OHz

Boron Loaded Liquid
Scintillator

The "bright line"
technique was
used so- as to
elin.inate the
fission neutrons
and the capture
gamma's

Li Glass Scintillator(n,r )
Nat Li Scintillator
( r only, r discrimination)
Stilbene Crystal (fission r
, fission discrimination)

Li Glass Scintillator(n), Pb sample was
1100 liter liquid Scinti- used as a stand-
llators as capture and ard scatterer
fission background detector

Four detectors used;
two for scattered n
one for transmission
one for flux monitoring

All data were
normalized to
flux monitor

S3

01
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Table 2 SINGLE-LEVEL RESONANCE PARAMETERS FOR PLUTONIUM-239

E,

(eV)

O.297±O.OO3

0.3

0.3
0.296±O.0Ol

O.296±O.OO2
0.3

0.3
0.296
0.30

0.296

0.30
0.298
0.30
0.30
0.296

7.1±0.2

7.85

7.85

7.85

8.07
7.83*0.03

7.85*0.03

7.85

7.80

r
(meV)

100±5

100

100
101±2

98±3
101±5

100±2
(94.2)

99±4

(99±4)

102±ll

111±22

67±10

44±7

6O±2O

100
83±5

77±13

37±12

42±6

2gra

(n»V)

0.122
±0.005
0.122
0.124

0.1136

0.108
±0.004
0.121

0.108

±0.004

0.005
tO.002

1.305
±0.03
1.9
±0.2
1.16
±0.32

(meV)

0.081
±0.003

0.2272

0.87
±0.02

g

3/4

1/4
1/4

1/4

3/4

J

1

0
0

0

1

1

1

rr
(meV)

40

39
39±2

4O±5

44±4.5
38.6

39±3

40±10

40±8

33
40.6
±3
43±15

23±5

rt

60

61
62±2

58±6

56±5 '
55.4

62±2

60±4

6O±4

62±2

71±20

67
41.5
±3
32±6

19±3

2grn»

(meV)

0.197
±0.008

(b.#)

(305)
(329)

(83.7)
108.2
±3

•or.
(b.#)

•./-

(fceV)

531

500
(535)

(538)

335

370

125
(216.6)

19O±5O

*r*/r •o

(b)

5310
±150

5000
5300
±100

5330
±200

5000
±700
8400
±2500

1250
2610
±160

5200
±3000

orfo)

0.566
±0.032

0.61
±0.01

0.61

0.33
±0.07

0.49
±0.01

r,/r.

0.6

0.61
(0.614)

(0.593)

(0.56)
(0.59)

[0.61
±0.01)

(0.61
±0.01}

(0.67)
0.505
±0.02
(0.427)

(0.453)

Reference

Reffel(55)

Egelstaff(55)

Nikitin(55)
Bollinger(58)

Engelstaff(56)
Pattenden(56)

Kirpichrdkov(57
Vogt(60)
Ignatev(64)

Ryabov(67)

Derrien(67)
Veinstein(69)
Blons(70)
Chrien(70)
Ryabov(7l)

Egelstaff(55)

Raffle(55)

Raffle(55)

Egelstaff(55)

Nikitin(55)
Bollinger(58)

Engelstaff(56)

Sokolovaki(57)

Kirpichnikov
(57)

I
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Eo

7.80±0.03

7.9
7.8

7.84

7.84
7.83

7.82

7.9

7.8
7.84±0.01

7.82
7.85
7.82

7.83±O.O1

7.82

10.95

11.0
10.95

11.33
10.93±0.05

1O.95±O.O5

1O.95±O.O3

10.95

r
(meV)

37±6

(80.9)

(76.3)

84±3

87

87±5

(87±5)

87.6

13O±4O

130±40

190
180±12

146±15

15O±2O

13O±15

(meV)

1.07

1.316

1.33
±0.03

1.21

1.28
±0.12

1.21

(1.21
±0.04)
1.23
±0.03

2.73
±0.11
3.4
± 0.3
2.34
±0.16

(meV)

0.876

0.887
±0.02

0.807

1.82
±0.07

•

3/4
0.82
±0.31

3/4

3/4

0.79
0.63

3/4

0.59
±0.11

3/4

J

1
1

1

1

1

1

1
1

1

1

rr
(meV)

(19)

38

40

39

39.7±4

39.8
±4.0

32
31.5±9

40±8

53±H

rt

17±4

42

35

47

44 ± 10

47±3

46±4

158
146.7
± 7
103±20

77±10

(meV)

0.46
±0.04

(h.eV)

108.2
±0.5
108.2±3

108.2±2

108.2
± 2.1

264.4±6

(b.eV)

2.1
±0.8

(I'*)
180±20

201

201±6.6

(201
±6.6)

390

600

168.4
(324)

280±30

*rl/r

0.0067
±0.0019

(b)

4900
±1200

(2310)

3000
± 900

880
1800
± 65

1850
± 520

Jj/v

0.54

0.48
± 0.08

0.73
±0.01

X/n
(0.47)

(0.525)

0.465

(0.546)

CO. 52

CO. 526'
±0.015]

(0.832)
0.832
± 0.04
(0.72)

(0.592)

Reference

Vladimirski(58)

Vogt(60)
Fraser(62)

Ignatev(64)

Ignatev(65)
de Saussure(65)

Blons(65)

Sauter(65)

Melkonian(66)

Ryabov(67)

Derrien(67)
Weinstein(69)
Blons(70)

Ryabov(7l)

Simpson(7l)

Haffle(55)

It

Egelstaff(55)

Nikitin(55)
Bollinger(58)

Engelstaff(56)

Sokolovski(57)

Kirpichnikov
(57)

3S

T
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Eo

(eV)

1O.96±O.O2

11
10.9

10.95

10.95

10.93
10.94
10.9

11.0
1O.97±O.O2

11.5
10.93

11.5
10.95
10.93

11.5
1O.97±O.O2

11.5
10.93

11.95

11.9
11.95

11.9O±0.O4

11.95±O.O5

11.86±0.04

11.90

r
(meV)

13O±15

U22.4)

185±5
200

200±20

(200
±20)

189±19

9O±3O

9O±30

64±7

52±8

85±15

52±5

2grn

2.42

2.75

2.15
±0.20

2.84

2.7
±0.15
-0.41
2.84
±0.15
0.15

(2.84
±0.15)
(0.15)
2.69
±0.12

0.41

1.605
±0.075
1.9
±0.2
1.18
±0.12

rn

(meV)

1.83

1.43
±0.13

1.89

1.07
±0.05

K

3/4
0.72

±0.23
3/4

3/4
0.86"
0.84

3/4

0.72
±0.12

3/4

J

1
1

1

1
1

1

1

1

1

1

r,

(50.5)

32

40

46

55.1±9

39-3
±6.0
41

4O.9±5

40±8

26±9

77±12

147

81

152

153±75

-110
143±16

143±16

147±23

110

22.0±2

10±3

26±4

(2lvn!

0.82
±0.05
-0 .12

(b.eV)

256±3
256±3

242.1±5

242.1
±5.0

60.4±3

3.4
± 1.1

(b.eV)

29O±3O

377.5

338.2
±17.9

(338.2
±17.9)

180

400

(175.4)

135±15

tri/r
(meV)

±0.0024

"0

(b)

2240

(1690)

2000
±600

2740
±190

1600
±450

CO. 78
±0.08]

0.72

0.27
±0.06
0.34
±0.02

r,/rt

(0.6)

(0.821)

0.67
±0.03
0.67
±0.06

(0.76)

C-O.73D

CO.776
±0.042j

C 0.73D

0.35
±0.02
(0.2)

(0.5)

Reference

Vladimirski(58)

Vogt(60)
Fraser(62)

Ignat'ev(64)

Ignat'ev(65)

de Sanssure(65)
Blons(65)

Melkonian(66)
Ryabov(67)

tt

Derrien(67)

tl

Weinstein(69)
Blons(70)

tt

Ryabov(7l)

it

Simpson(7l)

Raffle(55)

ft

Egelstaff(55)

Bollinger(58)

Engelstaff(56)

Sokolovski(57)

Kirpichnikov
(57)

to



(eV)

11.83±0.03

11.9

11.95

12.0

11.90

11.89

11.9

11.9
11.91*0.02

11.89

11.9
11.89

11.91*0.02

11.89

14.30
14.3

14.28±0.1

14.3±0.2

14.3*0.05

14.3

14.3O±O.O5

r
(meV)

52±8

(64.4)

68±5

65

67*7

(67*7)

68±7

70
7O±2O

100.8
±11
131±22

135*40

60±10

100±30

2grn

(meV)

1.46

1.35
±0.35

1.52

1.34
±0.22
1.54
±0.10

(1.54
±0.10)
1.43

±0.08

0.83
±0.2
0.61
±0.10
0.64
±0.1

1.2

rB
(meV)

0.9
±0.23

1.01

0.83
±0 .2

g

0.67
±0.22

3/4

3/4

0.63
0.56

3/4

0.97
±0 .16

1/2

J

1

1

1

1

1

1

1

1

_

r,
(meV)

(24.5)

40

39.5

42.0
±4.6

38.6
±7.0

40

40±8

43*11

(70.8)

(meV)

26±6

23

24.5

28±7

24*3

24±3

28±5

6O±7

9O±2O

17±5

28±14

2%r°
(meV)

0.64
± 10

(b.eV)

62.8
±1.5
62.8
±1.5

60.9*2

60.9
* 2.4

(45)

oorB

(b-eV)"

3.3
± 1.1

"or
(b.eV)

17O±2O

166.2

168.6
±11.0

(168.6
± 11.0)

56

(75.6)

60±10

not 20

%rl/r
(meV)

0.0160
±0.0031

(b)

3200

±320

(2560)

800

750
±150

450
±200

1100
±500

t)/»

orft)

0.37

0.5
±0.08
0.60
±0.01

n/r.

(0.51)

0.37
±0.03
0.42
±0.05

(0.33)

CO.41
±0.03)

CO.41
±0.033

(0.6)

(0.69)

(0.28)

(0.28)

Reference

Vladimirski(58)

Fraser(62)

Ignat'ev(64)

Ignat'ev(65)

deSaussure(65)

Blons(65)

SauterC65T

Melkonian(66)
Ryabov(67)

Derrien(67)

Weinstein(69)
Blons(69)

Ryabov(7l)

Simpson(7l)

Raffle(55)
Egelstaff(55)-

Bollinger(58)

Engelstaff(56)

Sokolovski(57)

Kirpichnikov
(57)

Vladimirski(58)

b)
I
2



to
I

Eo

14.25

14.28
14."51

14 3
-LT" • y

14-3
14."36±O.O2

14.31

14 • 3
14.31

14.36±0.02

14.31

14.75
14.75

14.68±0.1

14.8±0.2

14.68±0.05

14.7

14.7±O.O5

14.7

14.7

14.68
14.69

14.7

r
(meV)

(-74)

145±6
106

102±8

(102
±8)

101±8

40
40±12

79.6±8

80±13

not 30

80±15

75±15

(-63)

82±3
71

2^rn

(meV)

0.93

0.88
±0.12
0.91
±0.05

(0.91
±0.05)
0.88
±0.05

3-3
±0.02
2 . 7
±0.7
2.88
±0.42

2 . 1

2.86

rn

(meV)

6.6
±0.04

5.72

g

3/4

3/4

0.63
±0.30

1/4

0.51
±0.06

1/4

1/4

0.86
0.70

J

1

1
1

1

1

1

0

0

0

0

1

rr
(meV)

40

24

36±6

40.1
± 7 . 0

40

40±8

4O±7

(35-9)

40

33.3

r,
(meV)

34

81

60±16

67±7

67±7

60±10

33±4

37±1O

4O±9

37±10

23

32

2g/*n°

(meV)

0.23
±0.C3

(**)

64.5±1
64.5±1

54.7±3

54.7
±3.3

(120.5)

115.4±2
115.4±2

ooPn

(b.#)

16.3
±2.6

(it*)

84.5

82.8
± 4 . 5

(82.8
± 4 . 5 )

280

(290)

25O±4O

19O±3O

253.1

%rl/r
(meV)

<0.0045

0.0408
±0.0084

"o

(b)

(800)

7000

3650
±300

2300
±900

2500

±750

(3560)

V/»

Olfy)

0.66

0.5
±0.08
0.45
±0.01

n/r.

0.46
±0.10

(0.77)

CO.59
± 0.053

CO.59
± 0.05)

(0.452)

(0.481)

(0.5)

(0.51)

0.37

±0.08

(0.49)

Refer ence

Ignat'ev(64)

deSaussure(65)
Blons(65)

Sauter(65)
Melkonian(66)
Ryabov(67)

Derrien(67)

Weinstein(69)
Blons(70)

Ryabov(7l)

Simpson(7l)

Raffle(55)
Egel3taff(55)

Bollinger(58)

Engelstaff(56)

Sokolovski(57)

Kirpichnikov
(57)

Vladimirski(58)

Fraser(62)

Ignat'ev(64)

deSaussure(65)
Blons(65)

Sauter(65)



Eo

(e\0

14.75

14.68

14.68

14.7
14.68

14.75±O.O3

14.7
14.69

14.7

15.5±0.2

15.6±0.3

15.4±0.O8
15.50

15.5±O.O8
15.5
15.5

15-5

15.5

15.42

15.5
15.42
15.5
15.47

15.46

15.5
15.46

r
(meV)

7O±7

(7O±7)

81±8

(70)

800
±100
200±70

200±70

2OO±40
(802.5

U040)

895
±100

700

7OO±50

(700
±50)

2grn

(meV)

2.72
±0.54

2.86
±0.05

(2.86
±0.05)
2.44
± 0.10
(29)

1.195
±0.20
1.0

±0.3
0.4

0 . 8
1.26

1.01

0.98
±0.14
0.98
±0.08

(0.98
±0.08)

r.
(meV)

2.39
±0.40

0.84

g

1/2

0.82

±0.14

1/4

3/4
3/4

1/4

J

1

1

1
1

1

0

1
1

0
1
1

0

0

(meV)

37.6±4

43.6
±7.0

40

40±8

(-45)

(-44.2)
40
40

r,

32±9

3O±3

3O±3

35±6

758
±100
16O±7O

155±80

155±62
760
1000

360
±360
650

656

2g/\°

(meV)

0.71
±0.14

0.25
±0.04

(b.eV)

107.5±2

107.5
±2.1

(94.8)

105.4±8

80±8

80±8

(b.#)

5.72
±0.40

'*r
(b.eV)

253.6
±4.3

(253.6
±4.3)

(100)

35

7O±15

85.2

82.6
±6.3

(82.6
±6.3)

gr*/r
(meV) (b)

125±1O

36O±90

(122)

Tj/v

orty]

0.44

0.81
±0.01

0.97

n/r,

Co.43
±0.03)

Co. 43
±0.03)

0.95
to.01
(0.8)

(-0.775)

(-0.78)
(0.95)
0.9±0.1

0.90
± 0 . 1 5

CO. 88
±0.08)

Reference

Ryabov(67)

Asghar(67)

Derrien(67)

Weinstein(69)
Blons(70)

Ryabov(7l)

Troohon(70)
Simpson(7l)

Melkonian(66)

Bollinger(58)

Egelstaff(56)

Sokolovski(57)
Kirpichnikov

(57)
Vladimirski(58)
Vogt(60)
Ignat'ev(64)

Ignat'ev(65)

deSaussure(65)

Blons(65)

Sauter(65)
Cowan(65)
Melkonian(66)
Ryabov(67)

Derrien(67)

•Weinstein(67)
Blons(70)
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Eo

CeV)

15.47±O.O6

17.75
17.7
17.7

17.6*0.1

17.75±O.1O

17.68±O.O6

17.65

17.6

17.7

17.8

17.6
17.66
17.6

17.66
17.6
17.69±O.O3

17.65

17.66

17.7
17.66

17.7

17.69*0.03

17.66

r
(meV)

761*52

150
90*35
90

87±6

85*11

80*10

82*8

(70.5)

84*4
74

75±7

(75*7)

(75)

92*7

2*rn

(meV)

0.87
*0.06

2 . 4
±0.11
2 . 2
* 0.2
2.08
±0.20

2 . 2
±0.3

2.70

2.07
±0.34

2.74
±0.05

(2.74
±0.05)
(2.7)

2.58
±0.04

(meV)

1.60
±0.07

1.47
±0.2

1.80

3/4

0.72
±0.4

3/4

3/4
0.55
0.82

3/4

0.75
±0.14

j

1

1

1

1
1

1
1

1

1

1
1

1

1

rr

(meV)

37.1*6

39.1*5

40*8

(-51-9)

55*8

40

37.2

38.7
*4.7

43-4
± 6

r(

OeV)

723
±110

46.3±5

43±8

26±6

27±5

29

35

42±13

34±4

34*4

47*6

(meV)

0.5
±0.08

(b-eV)

94.1±3

93.8±2
93.8±2

92.7±2

92.7
±1.9

»o/-n
(b.eV)

3.4
±1.9

4.95
± 0.48

(b.eV)

180
144

(176.6)

170*17

198.7

201.9
±3.6

(201.9
±3.6)

trl/r
(meV)

0.0300
±0.0066

(b)

1200
1600

2030
±200

2100
±500

(2690)

T)/V

orft]

0.625
±0.07
0.46
±0.02

0.47

orCrf/r3

Co. 95
±0.08]

0.54
±0.03
(0.518)

(0.334)

(0.329)

0.42
±0.03
0.43
±0.05

(0.485)

Co.50
±0.03]

Co.50
±0.03)

Refer ence

Ryabov(7l)

Raffle(55)

Egelstaff(55)

Bollinger(58)

Engelstaff(56)

Sokolovski(57),
(58)

Kirpichnikov
(57)

Fraser(62)

Ignat'ev(64)

Ignat'ev(65)

deSaussure(65)
Blons(65)
SauterC65"J

Cowan(65)
Melkonian(66)
Ryabov(67)

Asghar(67)

Derrien(67)

Weinstein(69)
Blons(70)

Trochon(70)

Ryabov(7l)

Simpson(7l)
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E,

(eV)

19.2±0.3

18.6±O.l

22.35
22.3
22.2±0.1

22.35±0.1

22.31±0.07

22.30

22.2

22.4

22.4

22.2
22.28

22.2

22.28
22.2
22.33±O.O4

22.28

22.29

22.3
22.29

22.33±O.O4

22.3
22.28

r
(meV)

64±9

60

113±4

1O5±2O

55±6

55±5

(75.6)

101±7
90

1O9±9

(109
±9)

120±10

(109)

2Krn

(meV)

0.25
±0.08
0.04

3.37
±0.15
4 . 0

±0.8
4.44
± 0.32

3-3
±0.3

4.30

2.88
±0.46

4.00
-to.10

(4.00
±0.10)
3.14
±0.06
(4.0)

rn
(meV)

6.6
±0.6

8.60

g
R

1/2

0.20
±0.06

1/4

1/4

0.49
1.00

3/4

1.00
±0.20

T

J

0

0

0

1

1
1

1

1

1

1
1

rT
(meV)

40

34.6±4

40±8

>19.6)

24±6

40

33.4

44.3
±5.3

48.4±7

rt

24±4

75.0±4

61±20

31±6

31±8

49

48

52±18

62±6

62±6

68±9

2Krn»
(<wV)

0.61
±0.10

131.3±4

133.7±3
133-7±3

132.3
±3

132.3
±2.6

14.7
± 4 . 5

6 . 1
±0.35

3

240
120
(197.8)

25O±2O

250.1

233.6
±5.8

(233.6
±5.8)

er'/r

0.0510
±0.0135

(b)

4000

1750
±100

4600
±900

(2780)

7)/v

orfo)

0.58
±0.02

0.58

r,/r,
orlTf/n

0.375)

0.68
±0.03
(0.604)

(0.613)

(0.563)

0.55
±0.02
0.54
±0.05

(0.59)

CO.55
± 0.04]

Co.57
± 0.03)

Reference

Egelstaff(56)

Sokolovski(57)

Raffle(55)

Bollinger(58)

Egelstaff(56)

Sokolovski(57),
(58)

Kirpichnikov
(57)

Fraser(62)

Ignat'ev(64)

(65)

deSaussure(65)
Blons(65)

Sauter(65)

Cowan(65)
Melkonian(66)
Ryabov(67)

Asghar(67)

Derrien(67)

Weinstein(69)
Blons(70)

Ryabov(70)

Trochen(70)
Simpson(7l)



Eo

CeV)

23.9±0.2

23.6±0.3

27.7±0.2
23.9
23-93

23.9±O.l

23.94

23-9
23.94

23-876
23.9*0.1

26.2±0.2

26.1±0.2

26.4±0.1

26.1

26.5

26.3

26.2
26.29

26.29
26.2
26.37±O.O6

r
(meV)

82±10

61±9

692±72
65

7O±12

(70
±12)

67±12

80*6

91*13

14O±3O

115±17

89*6
83

2grn

(meV)

0.128
±0.01
0.4
±0.1
0.06

0.12

0.20
±0.06
0.13
±0.01

(0.13
±0.01)

0.12
±0.02

2.66
±0.2
2.8
±0.5
1.68
±0.12

2.2
±0.4

2.22

2.26
±0.22

rn
(meV)

0.128
±0.01

2.66
± 0.2

e

1/2

1/2

j

l

l

l
l

rr
(meV)

40

40±8

42.0
±17

40

40±8

84*25

40

33.6

(J=o)
36.5

(J=l)

r,
(meV)

42±5

21±4

23*9

55

38±10

25±1O

37.3±3

49±10

31*19

25

40

34±6

(meV)

0.041
±0.0

0.44
±0.04

(b-eV)

(3-57)

13-1*1

5.6

3.8±0.9

61.9±3

59.4±2
59.4±2

°orn <>or
(b.#)

(6.97)

3

6.50

7.1
±0.5

(7-1
* 0.5)

(132)

140±10

109.8

tTl/r
(n*V)

" 0

(b)

85±10

(100)

1650
±200

1000
± 300

(1320)

T)/l>

orp?]

0.51
±0.03

0.79

A/ra

orCr,/r]

(0.512)

(0.344)

Co.37
*O.O93

Co.37
±0.08]

0.48
±0.04
(0.55)

(0.27)

0.39
to. 02
0.59
to.12

CO.45
±0.03)

Refer ence

Bollinger(58)

Egelstaff(56)

Sokolovski(57)
deSaussure(65)
Blons(65)

Ryabov(67)

Derrien(67)

Weinstein(69)
Blons(70)

Derrien(70)
Ryabov(7l)

Bollinger(58)

Egelstaff(56)

Sokolovski(57),
(58)

Kirpichnikov
(57)

Ignat'ev(64)

" (65).

deSaussure(65)
Blons(65)

Cowan(65)
Melkonian(66)
Ryabov(67)
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E,

26.26

26.24

26.2
26.24

26.31*0.06

26.29

27.3tO.3

28.1±0.3

27-5*0.2
27.3
27.31

27.3
27.24

27.24

27.3

29.9±0.3

30.0±0.2

32.3±0.4

31.8±0.3

32.8±0.3

32.5*0.2
32.5

r
(meV)

83±10

(83*10!

81±9

43*5

45±8

33O±30
42

42±8

(42±8)

41*10

51±9

23O±5O

63±12

120±26

2g/-n

(meV)

2.20
±0.15

(2.20
±0.15)

0.199
±0.04

0.4
±0.1
0.1

0.21

±0.25
0.12
±0.01
(0.21
±0.01)
0.14
±0.10

0.4
±0.1
0.2

0.43
±0.04
0.4
±0.1
0.6
±0.2
0.6

rn
(meV)

2.25
±0.11

0.199
±0.04

0.43
±0.04

g

1/2

0.60
±0.13

1/2

1/2

1/2

J

1

1

1

rT
(meV)

37±6

31.8±6

40

40±8

34*8

27.9
±12

40±8

40

40*8

40±8

r,
(m#)

44±7

44*7

47*8

3*1

5*3

- 6 8
8*4

5

13*8

11*4

190*50

23±9

80±25

2g/7
(•neV)

-0.048

OxeV)

58±3

58.0
±2.9

(0.66)

15-5±1

1.1

1 .1

19*3

(b.eV)

2.26
±0.30

»„/*
(b.#)

109*7.4

(109.1
±7.4)

(9.46)

5

10.0

5.7±0.3

(10.0
±0.3)

(17.6)

9

(17.25)

22

%T\/r "o

(b)

22O±3O

(238)

(342)

75±1O

V/»

0-55

0.07
tO. 02

(0.826)

n/rt
or[T,/r]

CO. 58
±0.04)

(0.07)

(0.111)

C-0.63)
0.19 •

CO. 32
± 0.14]

(0.236)

0.83
to.02
(0.365)

(0.667)

0.43
± 0.20

Reference

Asghar(67)

Derrien(67)

Weinstein(69)
Blons(70)

Ryabov(7l)

Simpson(7l)

Bollinger(58)

Egelstaff(56)

Sokolovski(57)
deSaussure(65)
Blona(65)

Ryabov(67)
Derrien(67)

Blons(70)

Ryabov(7l)

Egelstaff(56)

Sokolovski(57)

Bo1linger(58)

Egelstaff(56)

Sokolovski(57)
Ignat'ev(65)
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00
I

(eV)

32.3

32.38

32.3
32.38
32.1
32.4±0.4

32.31

32.3
32.31

32.4±0.1

32.38

34.6

34-6

35-3±0.5

35.0±0.3

35-5±0.2
35.3
35.43

35.3
35.6
35.50

35-50

35.6

r
(meV)

165

153*20

(153
-t 20)

141±15

44±5

51*9

14O±7O
47

47+9

(47±9)

52±11

2g^n

(meV)

0.42

0.48
±0.06
0.42
±0.02

(0.42
±0.02)
0.42
±0.02

^-0.02

0.02

0.47
±0.04
3.0
±1.0
0.4

0.41

-0.71
0.43
±0.02
(0.43
±0.02)
0.48
± 0.0E

(meV)

0.47
±0.04

g

1/4

0.06
±0.5

1/2

3/4

J

0
0
0

0

0

0

1

1

(meV)

38.6

41±8

44.7±9

40

40±8

40.6

42.4
±8.5

44.5
±11

r,
(meV)

176±15

126

85±21

110+15

110±15

96+18

4±1

8±4

6

~12
5±2

4±2

7±3

(meV)

0.08A
±0.001

~0.12

"or,
(b-eV)

12.9
±0.5

12.9
±0.5

12.2
±0.5

12.2
±0.5

(1.56)

1.9±0.3
1.9±0.3

1.6

1.5

(b.eV)

"or
(b.eV)

16.9

16.9
±0.7

(16.9
± 0.7)

(17.16)

11

15.0

15.8
± 0.6
(15-8
± 0.6)

%rl/r
(meV)

«o

(b)

(102)

39O±80

(319)

Tj/V

or [);]

0.73

0,10
±0.02

0.10

n/r,
or(r,/D

(0.767)

0.68
±0.07

CO.68
±0.06]

(0.091)

(0.167)

(0.128)

C-O.23)

Co. 13
±0.031

Refer ence

deSaussure(65)

Blons(65)

Sauter(65)
Cowan(65)
Melkonian(66)
Ryabov(67)

Derrien(67)

Weinstein(69)
Blons(70)

Ryabov(7l)

Simpson(7l)

Blons(65)

Derrien(67)

Bollinger(58)

Egelstaff(56)

Sokolovski(57)
deSaussure(65)
Blons(65)

Sauter(65)
Ryabov(67)
Derrien(67)

Blons(70)

Ryabov(7l)
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37.

39.

38.

4 1 .

41

41

41

41

41

41
41
41

41

41

41
41
41

41

41

41

41
1

41

Eo

(eV)

8±0.3

5±0.5

5±0.2

"4±O".7

4±0.4

7±O.l

4

5

7

.4

.4
• 52

.76

.4

.52

.2

.5

.64±0.12

.42

.66

.7

.5

r
(meV)

5O±1O

83±22

76±1O

14O±30

182±8

52

105

52±8

1O5±16

J=0 ^
170

J= l 72

2 g r n

OeV)

5.5
±1.8
0.25
±0.12
0.6

9.25
±0.25
9.65
±3.22
7.64
±0.92

5.6
±2.0
4.6
±0.5

6.20

2.02

5.5
±1.1
6.20
±0.20
2.02
±0.25

(meV)

18.5
±0.5

9.2
±1.0

4.13

J=0 N

17.5 a )

J=l
5.8

e

1/4

0.76±
0.2

1/4

3/4

0.77
0.52

1/2

1/2

J

0

1

0

1

1

1
0
1

1

1

rr
(ID*)

40±8

40±8

46.8
±9
40±8

40

40

43-5
± 8
49

rf
(m#)

5

43±20

10.7±2

14±3

6.5

13

22±4

3

54

2g/*n°
(meV)

0.86
0.17

a<trf

(b.eV)

40.8±3

44.6±1

44.6
+ -\
^ 1

9

32.4

(b-#)

23.2
±6.1

11.75
±0.76

<,or
(b.eV)

(191)

(8.3)

10

(289)

240±30

194.1

62.9

194.9
±6.2
63.1
±7.9

%rl/r
(meV)

0.352
±0.034

"o

(b)

3800
±534

1700 •
±500

(3730)

(600)

r,/v

orO?)

ra/r =
0.86
±0.9

0.05

0.52

r,/r,

(0.111)

(0.518)

0.186
±0.02
(0.259)

0.14
±0.03
0.24
±0.05

CO.34
±0.02]

Reference

Egelstaff(56)

tt

Sokolovski(57)

Bollinger(58)

Egelstaff(56)

Sokolov3ki(59)

Fraser(62)

Ignat'ev(64)

11 (65)

deSaus sure(65)
Uttley(64)
Blons(65)

"

Sauter(65)

Cowan(65)
Melkonian(66)
Asghar(67)

Ryabov(67)

Derrien(67)

"

King(69)

• Weinstein(69)

JO

T



I
O
I

Eo

(eV)

41.42

41.66

41.4
41.7
41.7
41.68

41.42

44.5±0.7

44.1±0.4

44.8±0.2

44.5

44.5

44.6

44.6

44.5
44.59

44.5

44.59
44.2
44.74±0.12

44.5

44.48

r
(meV)

(52±8)

(105
±16)

(52)
(105)

78±13

51±10

170±70

(-52)

(51)

101±8

58

58±7

C~v")

(6.20
±0.20)
(2.02
±0.25!
(6.2)
(2 .0)

5.93
±0.33

9.6
±0.15
5.31
±2.66
5.4
±0.74

7.5
±1.5
8.25
±1.5

9.97

6.62
±1.30

9-97
±0.20

(meV)

6.4
±0.1

5.5
±1.0

19-94

g

0.74
±0.21

3/4

0.42
±0.1

3/4

1/4

0.74
0.72

3/4

J

1

1

1

1

0

1

0

1

1
1

1

1

rT

56.1
tlO.5

40.4
±10

40±8

40

40

32.8

46.8
±7

rf

(meV)

4±1

46±12

16±4

4.2±1

7±3

4.5

5.5

5.2

10±3

5±1

(meV)

0.99
±!0.19

15.7
±3.5
28.1
±4.2

23.2±2

25.9
±0.8

25.9
±0.8

23.0
±0.8

(b.eV)

63±15

27.4
±1.14

(I*)
(194.9
±6.2)
(63.1
±7.9)

(280.5!

(153)

290.7

291.7
±5.9

trl/r

0.598
±0.043

(b)

5500
±1172

900
±450

(5010)

IZ

o".92
tO.09

0.09

r,/r.

CO.200
±0.0153

0.094
±0.01
(0.149)

0.09
±0.05
0.11
±0.03

(0.137)

CO.18
±0.02]

Reference

Blons(70)

II

Trochon(70)

Chrien(70)
Ryabov(7l)

Simpson(7l)

Bollinger(58)

Egelstaff(56)

Sokolovski(57)

Fraser(62)

Ignat'ev(64)

" (65)

deSaussure(65)

Uttley(64)
Blons(65)

Sauter(65)

Cowan(65)
Melkonian(66)
Ryabov(67)

Asghar(67)

Derrien(67)

S3
SB



I
to

(eV)

44.6

44.5
44.48

44.5
44.6O±0.12

44.48

47.6±0.8

48.0±0.5

48.1±O.l

47.7

47.8

47.6
47.7
47.74

47.6

47.74
47.2
47.7

47.92±0.15

47.60

47.6
47.60

47.6

r
(meV)

J=0
180

J=l 40

(58±7)

58
52±8

35O±5O

~173.5

(-117)

31O±9

300

322±25

(322
±25)

(398)

2%rn

(meV)

(9.97
±0.20)
10.0
7.63
±0.29

2.7
±0.3
3.464
±1.078
2.16
±0.3
3.0
±1.0

2.90

3.04
±0.38
2.90
±0.15

(2.90
±0.15)
(2.6)

rn
(meV)

J=0
18.4

J=l
6.1

2.7
±0.3

t

0.89
±0.27

1/2

0.12
0.16

1/4

J

1

1

1

1

0

1
1
0

0

0
0

0

r,
OeV)

36.4
±12

40

40±8

40

73

74±16

(meV)

5±1

8±2

31O±5O

13O±6O

74

224

196
±116

24O±24

248±30

2grn«
(meV)

0.44
±.05

(b.eV)

24.0
±1 .2

63-3±5

58.9±1

58.9±1

59.2±2

61.0
±2 .5

(b.eV)

1.52
±0.33

(b.eV)

(291.7
±5.9)

(73.5)

79.0

79.3
±4.0

(79.3
±4.0)

%r\/r
(nxff)

0.043
±0.014

(b)

21O±5O

60±10

(263)

V/»

orty)

0.76

rt/r.

CO.162
±0.015]

0.886
±0.2
(0.765)

0.65
±0.20•
0.59
±0.12

(0.755)

CO.82
±0.09)

Reference

King(69)

Weinstein(69)
Blons(69)

Trochon(70)

Ryabov(7l)

Simpson(7l)

Bollinger(58)

Egelstaff(56)

Sokolovski(57)

Ignat'ev(64)

" (65)

deSaussure(65)
Uttley(64)
Blons(65)

Sauter(65)

Cowan(65)
Melkonian(66)
Asghar(67)

Ryabov(67)

Derrien(67)

Weinstein(69)
Blons(70)

' Trochon(70)

33

01



I
to
to

Eo

(eV)

47.494
47-92±0.15

47.60

50.0±0.8

49.2±0.5

50.3±0.2

50.0

49-9

50.0
50.1
49.85
50.22

50.0

49.85
50.22
49.4
49.6

50.18

50.2

49.71

50.08

50.1

r
(meV)

273±39

80±6

-88.5)

7O±2O

(-72.1)

5O±2O

810
57

810
±200

57±10

J=0
115

J=l 40

2Krn

(meV)

3.01
±0.17

6 . 8
±0.4
3.5
±2.1
6.48
±0.84

5.1
±1.5

2 . 2
4.55

0.33

4.3
±0.5

2 . 2
±0.2
4.55
±0.20

rn
(meV)

5.25

6 . 8
±0.4

J=0
14.0

J=l 3.C

g

1.6
±1.3

1/2

1/4

3/4

J

1

0
0
1

1

1

0

1

1

rr
(meV)

26.7
±6

40

40±8

40

60
37
(J=o)
43
(J=l)

42.0
± 8

r,
(meV)

243±15

33-2
±4

45±25

27

750
11.2

- 1 2 9

37±1O

690
±200

12±3

(meV)

0.071

0.61
±0.07

'or.
(b.eV)

68.9±5

23.2±2

53.4±2
23.2±2

49.4±5

24.8±2

(b.eV)

4.55
±0.60

°or
(b.eV)

(176)

170±20

57.4
117.8

58±6

118.2
± 5 . 2

tri/r

0.073
±0.05

"o

(b)

2200
±263

2500
±1000

(70.9)
(2070)

rj/v

orft)

0.86

0.22

n/r.

CO. 8 9
±0.06]

0.453
±0.05
(0.529)

0.40
± 0.10
0.65
±0.09

(0.925)

:-0.76]

CO.46
±0.03]

Refer ence

Derrien(70)
Ryabov(7l)

3impson(7l)

Bollinger(58)

Egelstaff(56)

Sokolovski(57)

Ignat'ev(64)

" (65)

deSaussure(65)
Uttley(64)
Blons(65)
Blons(65)

Sauter(65)

Cowan(65)
"

Melkonian(66)
Ryabov(67)

Ryabov(67)

Asghar(67)

Derrien(67)

King(69)



I
to

Eo

49-71

50.08

50.1
49-446
50.033
49.6
50.18±0.16

50.08

52.6±0.9

53.0±0.2

52.3

52.6

52.5
52.6
52.74

52.6

52.9±0.2

52.6

52.60

52.7

r
(meV)

(810
±200)
57±1O)

(57)

77±8

57±7

9O±25

(-58)

92±5

68

68±10

J=0
110

J=l 45

2gra

(meV)

( 2 . 2
±0.2)
(4.55
±0.20)
(4.5)

1.3
4.35
±0.25

22.8
±1.5
lGti.e

10.0
±5-0
8.7
±1.0

15.70

10.9
±3.3

15.70
±0.30

rB
(meV)

15.2
±1.0

17.4
±2.0

J=0
27.0

J=l
7.0

g

1.15
±0.36

3/4

1/4

0.67
0.78

3/4

J

1
0
1

1

1

0

1

1

1

1

r,
(meV)

41
43-7
±7

34.1
±5

40

40

28.4
(J=o)
49
(J=l)

48.6
±9

r,
(mef)

810
±200
57±1O

460
29. ?5

7.7±2

8

23

9

13±3

9±2

2«r°
(meV)

1.5
±0.5

(fceV)

53.2
± 2 . 7

26.2
± 2 . 1

5O.7±4

51.5±1

51.5±1

51±1

"o/-n

(b-eV)

40.2
±1.42

"or
(b.eV)

(58±6)

(118.2
±5.2)

(376)

24O±35

387.1

388.5
±7.4

(meV)

"o

(b)

6600
±900
2700
±1100

(5690)

1.48
±0.096

V/»

r,/T-
0.69
±0.07

0.16

n/r,
<"irt/n

(0.91)
CO. 38
±0.03)

0.184
to .02

0.17
±0.05
0.33
±0.04

Co.21
±0.02)

Reference

Blons(70)

Tl

t l

Derrien(70)
it

Ryabov(7l)
11

Simpson(7l)

Bollinger(58)

Sokolovski(57)

Ignat'ev(64)

" (65)

deSaussure(65)
Uttley(64)
Blons(65)

Sauter(65)

Ryabov(67)

Asghan(67)

Derrien(67)

King(69)

33
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I
to

Eo

(eV)

52.6
52.60

52.6
52.8±0.2

52.60

52.74

55.6
55.8
55-8
55.8
55.79

55.79
56.9
55.9±0.4

55.7

55.63

55.13

55.6
55.9±O-4

55.63

57.5

57.8

57.4
57.8
57.8
57.7(+57.2)
57.6

57.6

r
(meV)

(68
±10)

(68)
63±9

83±26

~"50

59

(")

(")
67±10

(~~200)

593±60

2grn

(meV)

(15.70
±0.30)
(15.7)
12.4
±0.4

2.14

2.6
±0.5

2.20
±0.12
( " )

(2.2)
2.43
±0.21

- 8 . 5

r»
(meV)

g

0.88
±0.29

1/2

0.58
±0.20

J

0*J

1

1

1

1
1

1

1

0

r,

40.6±7

35

35.6±8

40

r,

9±2

10±3

- 2 2

36±10

22

21

29±6

160

2sr>
(meV)

0.35
±0.07

(b.eV)

51±1

21.6±1
47
30

21.6-tl

19±2

18.7
±1.9

142±8
427
272

aora

1.62
±0.42

(buff)

(388.5
±7.4)

49.9

51.5
±2.9
( " )

tri/r
(me?)

«o

(b)

(1000)

r,/v

orC7)

0.40

orCTf/r]

CO.16
±0.025

CO.46
±0.05^

CO.43
±0.035

0.80
± 0.15
0.87

±0.09

Reference

Weinstein(69)
Blons(70)

Trochon(70)
Ryabov(7l)

Simpson(7l)

Cowan(65)

deSaussure(65)
Jamea(65a)
James(65b)
Uttley(64)
Blons(65)

Cowan(65)
Melkonian(66)
Ryabov(67)

Asghar(67)

Derrien(67)

Blons(70)

Trochon(70) •
Ryabov(7l)

Simpson(7l)

Ignat'ev(64)

Ignat'ev(65)

deSaussure(65)
James(65a)
James(65b)
Uttley(64)
Blons(65)

Cowan(65)



N>

E,

(eV)

57.8±0.2

57.44
57.44
57.8±0.2

57.44

58.0

58.0

58.0

58.7±0.3

58.5
58.6±0.4

58.84
58.84
58.6±0.4

59.2±0.3
59.5

59.3

59.1
59.35
59.3
59-2
59.39

59.39
59.6*0.02

r
(meV)

500
(500)
467
±116

850
±120

1100
(1100)
760
±222

(-200)

239±35

190

2grn

(n»V)

8.6
±0.8
6.5
(6.5)
9.37
±0.41

~6

32.8
±4.6

3.3
±0.9
5.5
(5.5)
3.91
±0.48

0.8

8.37

12t4

rn

(meV)

>

S

0.29
±0.10

J

0

0

1

1

rr

55.6
±17

42.1
±15

40

J=0
40

J=l
51

r,
(meV)

91±43

445
402
±123

192
±190

1047
714
±254

160

133

127*60

2grn«
(meV)

1.1
±0.1

0.44
±0.12

1.56
±0.54

•Si
(b.eV)

244
130

102±8

244
118

127.9±5
209
133

127.9±5

(b.eV)

«or
(b.eV)

147
(147)

730±100

122
(122)

183.2

er'/r
(meV) (b)

(960)

Tj/V rt/r,
<*ir,/r)
CO.66
±0.06]

CO. 86
±0.053

CO.82
±0.44)

CO.94
±0.063

0.80
±0.15
0.82
t0.08

CO.71
±0.095

Reference

Ryabov(67)

Derrien(67)
Blons(70)
Ryabov(7l)

Simpson(7l)

deSaussure(65)

Blons(65)

Cowan(65)

Sokolovski(57)

Melkonian(66)
Ryabov(67)

Derrien(67)
Blons(70)
Ryabov(7l)

Sokolovski(57)
Ignat'ev(64)

" (65)

deSaus3ure(65)
James(65a)
James(65b)
Uttley(64)
Blons(65)

Cowan(65)
. Ryabov(67)

50

Ul



to

(eV)

59-3

59.22

59-22

59.2
59.6±0.2

59.22

61.5
61.1
62.5

62.1

60.9
60.9
61.10

61.7±0.2

60.94
62.7
60.94

61.7±0.2

61.10

63.2
62.9
63.2
63.2
63.4

63.4±0.2

63.08

r
(meV)

191±16

(191
±16)

(191)
187±20

>2OOO

6000

(6800)

21O±39

147±80

155±17

2grn

(«V)

8.37
±0.46
(8.37
±0.46)
(8.4)
12.8
± 1.4

1.96
±0.80
15

(11)

1.46
±0.31

~>2.9

6.3
±2.3
1.20
±0.25

ra
(meV) K

1/2

0.71
±0.25

1/2

J

0

1

1

0

0

rT
(meV)

50±10

39.2±6

40

48.5
±12

43

rt
(meV)

133*15

123±15

135±2O

360

116±51

6736

16O±4O

89±36

111±37

(meV)

0.25
±0.12

0 .8
±0.3

Oort

(JeV)

128±8

119±8

240±40

64
41

250

200

15±1.5
42
27

17.8t4

aorB

(ktf)

12.0
±0.8

(!>,#)

184.0
±10.1

(184.0
±10.1)

320

(235)

24.3
±5 .2

sri/r
(meT)

• 0

(b)

V/»

«C9)

0.73

0.72

n/r.

CO. 72
±0.053

0.90
±0.10
0.82
±0.20

CO. 74
±0.08)

CO.76
±0.05)

CO. 6 6
±0.05)

Reference

Asghar(67)

Derrien(67)

Blons(67)

Trochon(70)
Ryabov(7l)

Simpson(7l)

Uttley(64)
deSaussure(64)
Ignat'ev(64)

" (65)

James(65a)
James(65b)
Blons(65)

Hyabov(67)

Derrien(67)
Veinstein(69)
Blons(70) '

Hyabov(7l)

Cowan(65)

Uttley(64)
deSaussure(65)
James
James
Blons

65a
65b)
65)

Kyabov(67)

Derrien(67)

s
en



I

58

62
63

63

64

66
65
65

65

66

65
65
65

65
66

65

65

65

65

65
66

65

E,

(eV)

.7

.08

. 4 * . 2

. 8

. 0

.5

.7

.9

.4*0.2

.9

.9

.96

.96

.2±0.2

.8

.71

.5

.71

.7

.2±0.2

.71

r
(meV)

(155
±17)

156±21

25O±25
l~97)

(122)

4OO±6O

137

137±14

J=0
240

J = l

100
(137

14)
(137)
136±18

2gra

(meV)

(1.20
±0.25)
8.4
±0.6

14±7

29.2
±3.4

18.8

18.6
±4.7

18.22
±0.50

(18.22
±0.50)
(18.8)
18.3
±0.87

ra
(meV)

19-5±4

J=0
39.0

J = l

12.0

K

0

0

1/4

3/4

1

i«po.
fcO/37'

J

0

1

1

1

1

1

rT
<•*>

39.6±6

40

40

J = 0
22.4

J=l 47

49.5±6

33.7±7

(meV)

111±37

108±21

43

(69.5)

77

86±B8

74±8

74±8

84±17

(meV)

2.3
±0.6

"off
(b.eV)

18±4

208.4±6

324
206
208.4±6

2O3±6

203±6

aora

(b.eV)

29.5
±1.0/
372.8±9.7

(h.eT)

(24.3
±s5.2)

56Q±70

370.5

(372.8
±9.7)

srl/r
(b)

1400
±400

7,/y

0.60

rt/rm

-cr,/rj

CO. 69
±0.04}

0.52
±0.10
0.61
±0.07

CO.62
±0.05}

CO. 62
±0.04}

Reference

Weinstein(69)
Blons(70)

Ryabov(7l)

Melkonian(66)

Uttley(64)
deSaussure(65)
Ignat'ev(64)

" (65)

Sokolovski(57)

James(65a)
James(65b)
Blons(65)

Cowan(65)
Ryabov(67)

Asghar(67)

Derrien(67)

King(69)

Blons(70)

Trochon(70)
Ryabov(7l)

Simp30n(7l)

I
2



oo
I

(eV)

66.8
66.4

67.05
67.05
66.83

66.83
66.57

69.9
69-9

73.0-74.4
74.1

74.31

74.35

73.6
74.3

74.05

74.05

74.0

75.3
75.1
74.5

75.0

75.1
75.1
75.2±0.3

r
(meV)

180

ioe±25

71

71±8

(71±8)

(71)

173±8

41O±5O

2(?rn

(meV)

1.26

1.26
±0.25

2.9
2.9

4.90

4.75
±0.20
(4.75
±0.20)
(4.7)

29±I4

31.4
±3.2

(meV)

25±5

g

3/4

3/4

J

0

1
1

1

1

1

rT

(meV)

41

J=0
31.5

J=l 38

40

40

r,
(meV)

- 3 6
40

29.5

32±4

32±4

49

(81)

2grn°
(meV)

~0.35

(b-eV)

49.6
±5.3

142
90

14

35.4
±1.4

35.4
±1.4

55

37.6±2

37.9
±1.9

337.8±5

418
266

(b.#)

24.5

2.65
±0.46

24.6
±4.9

85.7

86.1
±6.5

(86.1
±6.5)

55O±6O

gri/r
(meV)

"o

(b)

1300
±300

V/»
orft)

0.57

0.47

r,/r,
orCrf/r]

C~0.48]
CO.48}

0.55
±0.10
0.67
±0.07

Refer ence

Uttley(64)
deSaussure(65)

James(65a)
James(65b)
Blons(65)

Cowan(65)
Derrien(67)

Ryabov(67)
Ryabov(70)

Uttley(64)
deSaussure(65)

Blons(65)

James(65b)

Melkonian(66)
Asghar(67)

Derrien(67)

Blons(70)

Trochon(70)

Uttley(64)
deSaussure(65)
Ignat'ev(64)

" (65)

James(65a)
James(65b)
Sokolovski(57)



I
to
<£)

I

(eV)

75.21

75.2

75.6±0.3

75-01

74.95

74.9

75-0
74.95

74.9
75-6±0.3

74.95

75.21

78.95

82.2
81.7
82.5

81.5

82.2
82.0

82.7±0.3

81.76
82.68

r
(meV)

162

147 14

J=0
380

J=l
170

(147
±14)

(147)
154±19

180

>1500

2050
70

2grn

(n»V)

33-2

36±1O

33.20
±1.50

(33.20
±1.50)
(33.2)
36.6
±1.8

0.16

7±1

6
0.75
±0.15

rn
(meV)

J=0
71.0

J=l
24.2

g

0.52
0.68

3/4

1

0.97
±0.40

J

1

1

1

1

1

1

r,
(meV)

J=0 1
J=l 45

40.7±6

35.4±8

40

r,
(me?)

95

71±23

84±9

84±9

82±18

360

62±26

2grn»

(meV)

4±1

0.8
±0.1

"or,
Cb.«V)

337.8±5

330.2±5

33OJ6

5O±3

560

81
3

"orn

(b.eV)

75-71
±2.50

"or
(b.eV)

573.8

576.5
±10.4

(576.5
±10.4)

2.6

95.5
11.8
±2.4

er'/r
(meV)

2.51-
±0.25

"o

(b)

i)/v

orfa)

0.67

0.86
0.34

r,/r,
orCrf/n

CO.48
±0.06]

CO.53
±0.05)

0.90
±0.10
0.70
±0.12

CO.57
±0.10]

Reference

Blons(65)

Sauter(65)

Eyabov(67)

Asghar(67)

Derrien(67)

King(69)

Weinstein(69)
Blons(70;

Trochon(70)
Ryabov(7l)

Simpson(7l)

Cowan(65)

Derrien(67)

Uttley(64)
deSaussure(65)
Ignat'ev(64)

" (65)

James(65a)
Blons(65)

Ryabov(67)

Derrien(67)
II

d)
d)

I

s



I

Eo

(eV)

81.0
81.76
82.7±0.3

81.7

83.0
83-3

84.9

C
M

 
C

O

m
 

in

ro 
to

00 C
O

85.8
85.6

86.0
85.0

85.6

85.6
85.6
85.9±0.3
85.3

85.6

85.7±0.4

85.7

85.32
85.48

e5.32

85.48

r
(meV)

(2050)
124±36

1750
(1750)

26O±5O

(-128)

S2000

2300
85±10

(2300)

(75
±20)

(meV)

(6)
6.8
±0.9

1.2
(1.2)

23±1O

36

30±10

28±4
11.8
±0.36

(11.8
±0.36:

(meV)
K J

0

0

0

0

rr

45-2
±19

40

r,

1996
72±I3O

1706

65

540
*240

17±9

2002

16

(meV)

3.3
±1.1

61

78.7
±6.9

144.9
±12.5

17-9
18

60.5
±7.7
141±9.9

357

392
35

360

39

32.0
±1.56

"or

(95±3O)

18.7
(18.7)

427*60
179-7
±5-5

(427
±60)

(179.7
±5.5)

%rl/r

l . n
±0.29

o>) IZ

0.96

0.94
0.24

r,/r.

CO.58
±0.07]

0.62
±0.20
0.61
±0.05

CO.88
±0.10])

Kef er ence

Weinstein(69)
Blons(70)
Ryabov(7l)

Cowan(65)

Uttley(64)
deSaussure(65)

Derrien(67)
Blons(70)

Uttley(64)
deSaussure(65)

Ignat'ev(64)

11 (65)

James(65a)
James(65b)
Sokolovski(57)
Blons(65)

Sauter(65)

Ryabov(67)

Asghar(67)

Derrier(67)
n

Blons(70)

n

d)

e-i
>

I
2

en



1
1

w
1

Eo

85.5
85.7

85-7

(87.0)
-(89.0)

87.9

90.9
90.9

90.5

90.3

90.8

90.75

90.1

90.0
90.75

90.8
90.8

92.5
92.6

92.97

92.97

r
(meV)

(85)
881
±249

157±25

(<71)

60±10

J=0 95
J=l 30

(60
±10)

(60)

57±5

(57±5)

2grn

(meV)

(11.8)
38.7
±5.4

21±10

18.45
±0.42

(18.45
±0.42]
(I8.4!

1.05
±0.04

(1.05
±0.04,

ra

(meV)

J=0
28.5

J=l 8.5

K

0.88
*0.39

3/4

0.83
±0.38

1/2

i

1

1

1

1

0

0

1
1

rT
(meV)

40.3
±15

40

47±6

r,
(•»*)

802
±288

<I1O

9±2

9±2

9

9

2grn°

(n»V)
«oTf
(b.eV)

41.3
±3.8

40.1

±2.5

38±3

38±3

17.2
±2.6

2.3

2.3

aorB

(b.eV)

32.2
±1.20

«or
(bLeV)

264.6
±6

(264-6
±6)

14.7
±0.6

(14.7
±0.6)

trl/r
(meV) (b)

v/»
or(7]

0.18

0.16

r,/rt

CO. 91
±0.07)

0.2

0.29
±0.06

Reference

Trochon(70)
Hyabov(7l)

Simpson(7l)

Uttley(64)

deSaussure(65)

Uttley(64)
deSau3Sure(65)

Ignat'ev(64)

" (65)

Asghar(67)

Derrien(67)

King(69)

Weinstein(69)
Blons(70)

Trochon(70)
Simpson(7l) '

deSaussure(65)

Derrien(67)

Blons(70)



Eo

(e\D

95.8
95.5

95.5
96.0

95-6

95.36

95-36

95.4

96.7

96.49

96.49

97.2
97.6

(100.0)
100.0

99.0

100.25
100.25

101.2

103.1

102.9

103.5

r
(meV)

270±12
120

(-65)
>1400

98±10

(98
±10)

(98)

1700
±350

(1700
±350)

400
±250

>2000

6000
(6000)

350

400
±150

125±4O

2grn

(meV)

8±4

3.15
±0.15
(3.15
±0.15)
(3.1)

6.68
±0.26
(6.68
±0.26)

5.60
(5.60)

2.6
±0.2

(meV)
g

(1/2)

J

0

1

0

rT

40

58

rt

17

37±5

3O±6

1670
±400

1645

5947

2grn«
(meV)

OoPt

(b.#)

16.3
±1.5

16.3
±1.5

13±2

73±2.4

72.4±2

86±9

16.5
±1.5

72
72

3.2±0.6

10.3
±1.8

(b.#)

2.10
±0.54

4.93
±1.0

(h.#)

43±2

(43±2)

90.1
±3.5

(90.1
±3.5)

72
(72)

33

%rl/r
(meV) (b)

v/»
or[l?)

0.39

0.81

n/r.
«crf/r)

0.3-to.]

Refer ence

Uttley(64)
deSaussure(65)

Ignat'ev(64)
Blons(65)

Asghar(67)

Derrien(67)

Blons(70)

Trochon(70)

deSaussure(65)

Derrien(67)

Blons(70)

Uttley(64)
deSaussure(65)

Uttley(64) .
deSaussure(65)

Blons(65)

Derrien(67)
Blons(70)

deSaussure(65)

deSaussure(65)

Uttley(65)

Asghar(67)

33

I



CO
W
I

Eo

CeV)

102.99

102.99

103.0

105.5
105-3

105-6

105-30

105.30

105.3

106.8

106.7

106.8

106.67

106.67

106.7
106.8

110.4
110.3

110.38

110.38

114.5

r
(meV)

48±5

(48:45)

(48)

250
150

48±7

(48±7)

(48)

15O±4O

80

75±4

(75±4)

(75)

170

43±16

(43
±16)

2g^n
(meV)

2.42
±0.08
(2.42
±0.08)
(2.4)

8.8
±0.8

6.96
±0.40
(6.96
±0.40)
(7.0)

12.0
±£..4 .

13.96
±0.60
(13-96
±0.60)
(14.0)

1.4
±0.2

0.66
±0.07
(0.66
±0.07)

ra
(meV)

K

1/2

3/4

3/4

0.40
±0.35

1/2

J

1

1

1

1

1

1

1
0

rT
(man

33±5

38±7

40±4

30

r,
(m#)

13±4

10±5

6±1

5±2

26±2

26±2

13

13

2grn«
(meV) (b.eV)

8±1

6.6±1.7

11±1

10±l

9.8±1.0

61.3
±1.3

59±2

59.7
±1.8

1.2±0.4

2.4

2.4

1.9±0.9

"<,rn

(b.#)

(30.6
±0.3)

10.12
±1.02

16.2
±1.26

(b.<SO

30.6
±0.3

109

86.0±5

(86.0
±5.0)

148

170.3
±7.4

(170.3
±7.3)

17

7.8
±0.8

(7.8
±0.8)

ert/r
(meV) (b)

J)/V

orfy]

0.28

0.13

0.40

0.31

Reference

Derrien(67)

Blons(7O)

Trochon(70)

deSaussure(65)
Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)

Trochon(70)

deSaussure(65)

Uttley(65)

AsgharC67~)

Derrien(67)

Blons(70)

Trochon(70)
Simpson(7l)

deSaussure(65)
Uttley(65)

Derrien(67)

Blons(7O)

. deSaussure(65)

>

33

<£>



I

Eo

(eV)

114.44
114.44

115.2

115.10

115.10

116.2
116.0

116.3

116.03

116.03

116.0

117.9

117.9

118.9

118.8

119.0

118.83

118.83

118.8

r
(meV)

(1500)

200

(200)

300
220±20

257±15

(257
±15)

(257)

J=0
240

J=l
150

180±40

14O±2O

1O2±6

(102
±6)

(102)

2grn

(meV)

0.20
(0.8)

0.32
±0.10
(0.32
±0.10)

5.0
±0.4

5.41
±0.13
(5.41
±0.13)
(5.4)

22.0
±2.0

25.92
±0.60
(25.92
±0.60]
(25.9)

rn

(meV)

J=0
70.0

J=l 26

g

1/2

3/4

J

0

0

1

1

1

rT

(meV)

36

42±5

1456

215±20

215±20

43±3

42±4

2grn»

(meV) (b.eV)

1.5
7

3.4±1.1

3

3

5O.4±5

51±3

51±3

22.2
±0.8

112.3
±2.8

119±6

118i£

(b.#)

39.8
±1.65

(b.«V)

2.3
9

3.6±O.l

(3-6
±0.1)

59

2.60
±0.9

60.7
±1.5

(60.7
±1.5)

239

283.9
±6.9
(283.9
±6.9)

%rl/r "o

(b)

rj/v
oify}

0.66

0.83

0.86

0.50

A/ra

orCTf/r)
Reference

Derrien(67)
Blons(70)

deSaussure(65)

Derrien(67)

Blons(70)

deSaussure(65)
Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)

Trochon(70)

deSaussure(65)

Kingl69)

deSaussure(65)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)

Trochon(7O)



I
w
en

E,

(eV)

119.0

121.1

120.9-121.1

120,99

120.99
121.0

123-5
123.3

123.44

123.44

125.0

126.3
126.2

126.20

126.20
126.2

127.6
127.5

127.51

127.51

r
(meV)

220

78±12

( " )
(78)

100
75

58±13

(63*14

85

96±1O

( " )
(96)

16O±30

(64
±10)

2grn

(meV)

4.2
±0.4

3.70
±0.15

( " )
(3.7)

0.8
±0.08
0.70
±0.08
( " )

2.8
±0.4

2.96
±0.12
( " )
(3.0)

0.8
±0.08

1.09
±0.12
(0.77
±0.12)

(meV)
g

0.84
±0.46

1/2

J

1

0

0

rr

35 ±7

rt

39±7

39±7

39

20

25

(meV)

20.6
±0.8

20±2

20±2

5.1±0.5

5

4.6

4.2±0.7

10.6±l

8

6.2

7.6±1

5

3.1

(b.#)

«or

(45.6)

39.8
±1.6
( " )

7.5

7.4±0.g

( - )

28

30.5
±1.2

( " )

9

11.1
±1.2

(7.8
±1.2)

%rl/r
(meV)

*o

(b)

V/»

0.53

0.69

0.27

0.45

Reference

Simpaon(7l)

deSaussure(65)

Uttley(65)

Dcrrien(67)

Blons(70)
Trochon(70)

deSaus sure(6 5)
Uttley(65)

Derrien(67)

Blona(70)

deSaussure(65)

deSaussure(65)
Uttley(65)

Derrien(67)

Blons(70)
Trochon(70) '

deSaussure(65)
Uttley(65)

Derrien(67)

Blons(70)

I
S.



Eo
(eV)

132.1
132
131.7

131.9

131.75

131.75

133.8

133.7

134.2

133.78

133.78
133.8

135.5
135-2

136.8

136:7

137.1

136.75

136.75

136.7

r
OneV)

>4OOO
3800

3830
±240
(3800
±250)

47

56±6

( " )
(81)

200

70

126±10

( " )

126

2«rn

17.4
±1.6

18.26
±1.2
(18,2C
±1.20;

8.0
±0,6

8.38
±0.30
( " )
(8.4)

0.6
±0.06

4.8
±0.4

5.12
±0,16
( " )

5.1

(meV)
K

3/4

1/2

J

0

1

1

0

0

rT
(meV)

43.5±-(

33±8

r,

3300
±500
3722

7

6±2

88±10

84±10

2grn»
(meY) (b.eV)

80±2.9

155±20

158±20

19.2
±1.8

10

8.7±2,2

4.5±0.7

37.0
±1.3

34±3

32.6
±3.3

«orn

(b.eV)

2.79
±1.14

7.8
±0.98

3-4
±0.52

(b.eV)

171

180.3
±12

(180.3
±12.0i

79

81.5
±2.9
( " )

6.5

46.5

48.7
±1.5

( " )

trl/r
(man

"o

(b)

T)/V

0.86

0.14

0.73

r,/r,
<*lr{/r) Refer ence

deSaussure(65)
Blons(65)
Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)

deSaussure(65)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)
Trochon(7O)

deSaussure(65)
Uttley(65)

deSaussure(65)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)

Trochon(70)



- 4

Eo

(eV)

140.0

139-28
139.28

142.9
143.4

142.9-143.4

142.92

142.92

142.9

143.47

143.47
143-5

144.5

146.3
146.2

146.7

146.25

146.25

146.2

147.3

147.44

147.44

r
(meV)

137±2O

( " )

(137)

83 ±12

( " )
(83)

200
80

70±7

( " )

(70)

1000

(1000)

2grn

(meV)

0.18
( " )

11±O.E

4.86
±0.21
( " )

(4.9)

6.12
±0.15
( " )
(6.1)

11.6
±0.6

10.58
±0.30
( " )

(10.6)

1.20
±0.60
(1.20
±0.60)

rn

(meV)
K

1/2

1/2

1/4

J

1

1

1

1

rT

(m<SO

56

36

36

rt
(m#)

76±15

82 ±15

41±7

31±5

13±2

12±2

956

2gPn°
(meV) (b.eV)

2.4±0.4

1.2
1.5

24.9±3
27.3

±3.1

24.7±3

26.6
±3.2

27.5±2

21±3

17.7±1

17.1±1

16.8
±1.0

4.4

7.5

9.3

(b.eV)

-

9.4
±1.1

(b.eV)

1.7
( " )

(100.8)

44.3
±1.9

( " )

55-5
±1.4

( " )

100

94.2
±2.7

( " )

10.6
±5-3

(10.6
±5.3)

(me?)

"o

(b)

V/»
orfo]

0.71

0.58

0.53

0.26

0.71

n/r,
<*irt/n

Reference

deSaussure(65)

Derrien(67)
Blons(70)

deSaussure(65)
11

Uttley(65)

Derrien(67)

Blons(7O)

Trochon(70)

Derrien(67)

Blons(70)
Trochon(70)

Uttley(64)

deSaussure(65)
Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)

Trochon(70)

deSaussure(65)

Derrien(67)

Blons(70)

en
3=

in



I
W
00
I

Eo

CeV)

148.1
147.9

148.21

148.21

149-4
149-3

149.42

149.42

151.8

152.4

155-8

157.0

156.9

157.5

157.08

157.08

157.1

160.9

160.8

r
(meV)

150

( » )

90

120±20

( " )

720

76O±5O

67O±50

( " )

(673)

550

2grn

(meV)

2.0
±0.2

0.70
±0.10
( " )

2.2
±0.4

2.62
±0.12
( " )

0.6
±0.04

17.4
±1.6

17.2
±0.4
( " )

(17.2;

0.2

rn

(meV)
e

1/2

J

0

0

rr

(meV)

62

r,

102

55±14

5O±13

537
±50

(meV) (b.eV)

5.3

5

4.2

7.7

1O.5±2

9.5±1.£

6.5±2

109.9
±4

116±5

114±5

22.9
±2.5

" o r n

(b.eV)

9.0
±1.1

(b.ao

29

6.1
±0.9

( " )

19

22.8
±1.1
( " )

4.5

152

142.5
±3.3

( " )

1.7

eri/r
(meV)

"o

(b)

tj/v

orC7)

0.82

0.47

0.84

r,/ra

orCrf/n
Refer ence

deSaussure(65)
Uttley(65)

Derrien(67)

Blons(70)

deSaussure(65)
Uttley(65)

Derrien(67)

Blons(70)

Uttley(65)

Uttley(64)

deSaussure(65)

deSaussure(65)

Uttley(65)

Asghar(67)

Derrien(70)

Blons(70)

Trochon(70)

deSaussure(65)

Derrien(67)

in
CO



I
CO

•<£>

I

(eV)

161.6
162.5

161.96

164.4

164.4

164.7

164.54

164.54
164.5

166.9

166.8

167.10

167.10

167.1

167.7

170.5

170.5

170.49

171.08

r
(meV)

150

250

90

79±10

( " )
(79)

320

95

112*6

( " )

(112)

880
±300
1300
±200

158
±60

1000

2grn

(neV)

0.21
±0.07

38.0
±3.6

42±3

( " )
(42.0:

8.6
±0.4

8.75
±0.40
( " )

(8.7)

4.4
±0.2

0.86
±0.02
0.89
±0.30

(meV)
g

3/4

3/4

J

1

1

1

r,
(raeV)

42.7
±8

32±6

rf

(meV)

8±1

8±2

74±7

69±7

2grn»

(meV)
<Vf
(b.eV)

36.5
±1.5

35±2

34±2

50.2
±2.2

45±3

42.2
±2.5

11.6
±1.3

10.5

10.5

"orB

(b.#)

69.2
±2.1

4.35
±0.9

(b.eV)

i.7±o.e

279

332±22

( " )

67

68.2
±3.1
( " )

34

6.6
±0.2
6.8
±2.3

%rl/r
(meV)

"0

(b)

Tj/V

or[73

0.16

0.70

r,/r,
or(rf/n

Reference

Uttley(64)
It

Derrien(67)

deSaussure(65)

Uttley(65)

Asghar("67)

Derrien(67)

Blons(70)
Trochon(70)

deSaussure(,65J

Uttley(65)

Derrien(67)

Blons(70)

Trochon(70)

Asghar(67)

deSaussure(65)

Uttley(65)

DerrienT67j

11

m
so
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o
I

(eV)

170.49

171.08

171.0

171.7

174.56

175-9

175.7

175.98

175.98

177.1

177.0

177.8

177.22

177.22
177.2

178.8

178.7

178.90

178.90

178.9

r
(meV)

(158
±60)
(1000)

80

73±5

75

51±6

(51)

(58)

(meV)

(0.86
±0.02)
(0.89
±0.30)

0.05

3.2
±0.2

3.14
±0.10

5.8
±0.4

5.36
±0.18

(5.4)

2.0
±0.2

1.83
±0.06

(1.8)

(meV)
g

1/2

1/2

1/2

J

1

1

1

rT
(meV)

41±8

41±6

42±7

rf

120

956

29

31±6

5

6±2

14

14±4

(meV) (b.eV)

5

6

12.6
±1.1

9.1

10±2

4.1
±0.5

3.8

5±1

3.7
±0.5

3.2

3-3
±0.8

(bO*)"

1.45

14

(6.6
±0.2)
(6.8
±2.3)

23

23.2
±0.8

43

39.4
±1.3

13-3
±0.5

(meV)

"o

(b)

0.41

0.11

0.25

X'/n Reference

Blons(70)

Blons(70)

Trochor(70)

Uttley(64)

Derrien(67)

deSaussure(65)

Uttley(65)

Derrien(67)

Blons(70)

deSaussure(65)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)
Trochon(70)

deSaussure(65)

Uttley(65)

Derrien(67)

Blons(70)

Trochon(70)



Eo

181.7
(181.5)

184.0

183.4

183.64

183•64

185.2
185
185.1

184.87

184.87

188.6
188.1

188.27

188.27

190.2
190.4

190.64

190.64
190.6

191.6
192.4

r
(meV)

(72)

>1500
1800

2200
±200

53±1O

160

67±9

(67)

(meV)

3.6
±0.4

2.29
±0.12

7.0
±0.8

10±2

0.66
±0.06

0.92
b0.07

2.4
±0.2

2.51
±0.09

(meV)
g

1/2

1/2

J

0

rr
(meV)

41

56

rf
(meV)

28

1570
±500
1800
±500

11

9

9

13

(meV) (b.eV)

0.3±0.8

38.9
±1.6

5

6.4

19±1.2

50±10

58±12

8.1±0.9

1.3

1.1

2.5±0.8

2.2

3.4

(b.eV)

(25.8)

16.2
±0.08

49

70.4
±14

5

6.4
±0.5

16

1.71
±0.6

(meV)

"o

(b)

0.33

0.71

0.21

0.13

n/r.
Reference

deSaussure(65)
Uttley(65)

deSausaure(65)

Uttley(65)

Derrien(69)

Blons(7O)

deSaussure(65)
Blons(65)
Uttley(65)

Derrien(67)

Blons(70)

deSaussure(65)
Uttley(65)

Derrien(67)

Blons(70)

deSaussure(65)
Uttley(65)

Derrien(67)

Blon9(70)
Trochon(70)

Uttley(64)
Uttley(64)

>•

33

to



Is)
I

Eo
OV)

195-1

195-1

196.0

195-36
195-36
195.4

196.3
196.4

197.6

196.69

196.69

196.7

199.1

199.2

200.0

199.39

199.39
199.4

203.4

203.7

204.7

r
(meV)

760
±200

400

447±40
( " )
(447)

135

112 ±18

( " )

(112)

16O±3O

133±13

( " )
(133)

365

2*rn

(meV)

24.8
±2.4

3O±1.2
( " )
(30.0)

7.6±0.

7-04
±0.42
( " )

(7.0)

13.4
±0.6

14.49
±0.75
( " )
(14.5)

28.0
±1.0

rn

(meV)

6

g

1/4

1/2

3/4

J

0

0

1

1

1

1

0

r,
(nreV)

36±12

46±11

33±8

r,
(m#)

35O±42
335±4O

59±12

54±12

90±10

80±10

(meV) (b.eV)

160.9
±12.9

157±1O
15O±9

25-5±5

24.4±3

22.5
±2.3

65.7
±3.2

64±3

57±3

177.3
±6.2

"orn

(b-eV)

14.4
±1.4

5-3
±1.54

6.2
±1.6

19.4
±1.73

«or
(b.<SO

165

200±B
( " )

50

46.6
±2.8

( " )

84

94.6
±4.8

( " )

183

trl/r
(meV)

"o

(b)

v/»
or[7)

0.91

0.56

0.73

r,/r.
Reference

deSaussure(65)

Uttley(65)

Asghar(67)

Derrien(67)
Blons(70)
Trochon(70)

deSaussure(65)
Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)

Trochon(70)

deSaussure(65)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)
Trochon(70)

deSau33ure(65)

Uttley(65)

Asghar(67)

'•V
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I

203.46
203.93

203.46

203.93

203.9

207.1

208.0

207.37

207.37
207.4

210.9

211.09
211.09

212.02
212.02

213.28
213.28

216.3

217.0

216.53

216.53
216.5

219.2-220.0

r
(meV)

200
430

(430)

(430)

60

57±5

(57)

800

1500

200±60

70

67±7

(67)

(meV)

6
26.6±1

( 6 )
(26.6

±1)
(26.6)

10.0

10.5
±0.4

(10.5!

1.8

1.4

1.2

0.7

9.6
±0.2

9.40
±0.40

(9.4)

15.8
1.0

rn
(meV)

g

3/4

1/4

j

0

1

1

1

rr

43.6

±5

39±6

rt
(meV)

366

7±2

6±2

745

1456

163

10

11±4

(meV) (b.eV)

176.5±6
176.5±6

14
145±22

7.4±1.5

6.8±1.1

8.5
8

6.7
7.2

3.5
3.5

8.1

(b-eV)

6.67
±3.1

7.85
±2.46

(b.eV)

38.4
169.7
±6.4
(38.4)
(169.7
±6.4)

60

65.9
±2.5

11.5

8.6

7.4

4.3

58

56.5±7

93

«r'/r "o

(b) orft)

0.14

0.82

0.20

n/r.
Reference

Derrien(67)
n

Blons(70)

Trochon(7O)

Uttley(65)

Derrien(70)

Blons(70)
Trochon(70)

Uttley(65)

Derrien(67)
Blons(70)

Derrien(67)
Blons(70)

Derrien(67)
Blons(70)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(7O)

Uttley(65)

tn

I
2
en
to



(eV)

219.49

219.49

219-5

220.22

220.22

220.2

222.8

223.16

223.16

223.2

224.6

224.89

224.89

227.5

227.77
227.89

227.77
227.89

227.9

231.1

r
(meV)

70±10

( " )

(70)

45±8

(52±S)

(52)

95

59±6

( " )

(59)

85±17

( " )

6000
67±1O

9000
(67
±10)

(67)

66

2 B / \

(meV)

5.36
±0.27
( " )

(5 .4)

11.14
±0.50
( " )

(11.1)

4.6
±0.2

5.12
±0.15
( " )

(5.1)

2.2
±0.2

2.56
±0.15

( » )

3.2
±0.4

17
2.54
±0.15
17±3
(2.54
±0.15)
(2.5)

15.2
±0.8

. (meV)

3/4

1/2

J

1

• 1

1

1

rr
(meV)

33

28

rf

(meV)

26±6

4

11±3

9

25

37

8024
32±10

(meV) (b.eV)

17.7

11.9
±3.6

6.2

13.9
±4.2

1

4.3

2

4.4

76
8

75±18
7±2

(b.eV) (b-eV)

31.8
±1.6

( " )

65.8
±1.5

( " )

26

29.8±1

29.8
•±0.9

12

14.8
±0.9

( " )

18

97
14.5
±0.9

(97±15)
(14.5
±0.9)

eri/r
(meV)

86

... ± - -.

"o

(b)

T)/V

0.60

0.11

0.14

0.78
0.57

A/ra

orCTf/r]

0.37

R e f e r e n c e

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(70)

Trochon(70)

Uttley(65)

Derrien(67)

Blons(70)

Trochon(70)

Uttley(65)

Derrien(67)

Blons(70)

Uttley(65)

Derrien(67)
it

Blons(70)
11

Trochon(70)

Uttley(65)

10



4
en

Eo

232.0

231.40

231.40
231.4

232.63

232.63

234.0

235.4

234.32

234.32

234.3

238.7

240.0

239.04

239.04
239.0

240.60
240.60

242.6

243.8

242.88

242.88

r
(meV)

43±8

(54*3)
(54)

130

72

74±9

(74)

115

(73)

100

97±6

(meV)

17.8
±1.0

(17.8)

0.66
±0.15

13.6
±0.8

15.35
±0.60

(15.3)

7.8
±0.6

8.15
±0.40

(8.1)

0.05
(0.05)

8.6
±0.6

9.92
±0.45

rn

(meV)
g

3/4

1/2

1/2

3/4

j

1

1

0

1

1

1

0

rr
(meV)

27

45

47

32±7

r{

(meV)

4

5±2

14

15±3

17

16±4

58±6

56±6

(meV)

9

9.2±1.8

2.5

2

16

16 8

10.5

9.9±1.4

32±3

31±2

(b.eV)

8.5
±1.27

35.5

4.45
±1.18

0.27

48

7.28
±1.94

(b.eV)

100.1
±5.6

100±6

3.7±0.2

74

85.2
±3.3

43

44.4
±2.2

53.2
±2.6

trl/r
(meV)

°o
(b)

rj/v

0.12

0.68

0.24

0.27

0.65

X/n Reference

Asghar(67)

Derrien(67)

Blons(70)
Trochon(70)

Derrien(67)

Blons(70)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)

Trochon(70)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)
Trochon(70)

Derrien(67)
Blons(70)

Uttley(65)

AsgharC6~7*)

Derrien(67)

Blons(70)

I

s
01



O)
I

(eV)

242.9

247.1

247.50

247-50

248.5

250.0

248.86

248.86
248.9

250.9

251.5

251.23

251.23

251.2

254.2

254.58

254.58

254.6

255.8

r
(meV)

(97)

312±60

( " )

95

62±6

( " )
(62)

90

83±5

( " )

(83)

55±1O

(55±5)

(55)

2*rn

(meV)

(9 .9)

1.2

1.39
±0.20
( " )

22.0
±1.0

22.13
±0.72
( " )
(22.1)

36.0
±1.8

41.2
±1.2

( " )

(41.2)

3.8
±0.4

4.2
±0.3

( " )

(4.2)

8.4
±0.6

ra
(meV)

3/4

3/4

J

1

1

1

1

1

1

rT

(meV)

41

41±7

r,
(meV)

227

227

6

5±1

14±2

12±2

25±4

2grn°

(meV) (b.«V)

6

5.3*1.3

10

9.7±1.2

36.4±3

31.1
±2.5

9.6±1.5

"orB

(b.e¥)

18.1
±1.4

28.4
±3.0

(b.eV)

6

7.3±1.2

( " )

115

115.7
±3.7

( " )

188

213.4
±6.3

( " )

19

(21.5
±1.5)

43

tTl/r
(b)

T)/v

0.82

0.12

0.25

r,/r,
«cr,/r]

R e f e r e n c e

Trochon(70)

Uttley(65)

Derrien(67)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)
Trochon(70)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(70) •

Trochon(70)

Uttley(65)

Derrien(67)

Blons(70)

Trochon(70)

Utiley(65)

01
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E,

257.2

256.11

256.11

256.1

259.00

259.00

261.8

262.5

262.37
262.37

262.2

262.74

262.74

264.23
264.23

269.2

269.11

269.11

r
(meV)

91±16

( " )

(91)

6400

6100
(6300)

60±10

(60
±10)

380

160

(140)

2grn

(meV)

9.5
±0.5

( " )

(9.5)

0.4
±0.1
( " )

42.4
±4.0

50
(5O±4)

3.8
±0.4

3.64
±0.45

(3.64
±0.45)

0.25
(0.25)

8.6
±0.8

2.5
±0.1

(2.1
±0.5)

rn

(meV)
g J

1

1

0

r,
(meV)

rt
(m#)

32±7

6148

10

83

2g/7
(meV) (b.eV)

16.8
±2.2

233±24

3.1

6±2

(b.#)

4.05
±1.52

2.62
±2.3

(42.8
±2.5)

(2.0
±0.5)

211

(233
±24)

19

(18.0
±2.3)

(1.2)

42

(10.1
±2.5)

gri/r "o

(b)

rj/v r,/rt
Reference

Asghar(67)

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(70)

Uttley(65)

Asghar(67)

Derrien(67)
Blon9(70)

Uttley(65)

Derrien(67)

Blons(70)

Derrien(67)
Blons(70)

Uttley(65)

Derrien(67)

Blons(70)



00
I

(eV)

269.54

2T.Q.54

26) . J;

272.3

273 • 6

272.62

272.62

272.6

274.HO

27-i.SG

275.2

276.5

275.57

275.57

275.6

277.23
277.23

279.1

281.0

r
(mcV )

72±20

(72
±20)

(72)

90

92±1O

( " )

(92)

800

(800)

380

15O±3O

( " )

(150)

5300
( " )

70

2Rrn

(meV)

5.8
±0.6
( " )

(5.8)

36.0
±3.0

41.3
±1.5

( " )

(41.8)

14.0
±2.0

(14.0
±2.0)

42.0
±3-0

35.1
±1.5
( " )

(35.1)

8
( 9 )

11.8
0.2

I\

(meV)

_

J

1

1

1

1

1

0

r,
(meV)

r(

(meV)

23±10

31±12

730

72±20

5260

(meV) (b.eV)

11±2

68.4
±3.5

60±20

80 ±13

42

(b.eV)

38.2
±2.54

25.6
±2.65

10.1
±2.3

(b.<*0

(28.0
±2.7)

167

(199.3
±7.2)

(66.2
±9.4)

198

(165.8
±7.2)

(42)

54

(meV)

«o

(b)

T)/v n/ra

orcr,/n R e f e r e n c e

Derrien(67)

Blons(70)

Trochon(70)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(70)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)

Troohon(70)

Derrien(67)
Blons(70)

Uttley(65)

Asghar(67)



I

I

(eV)

279.59

279.59

279.6

282.5

284.1

282.92

282.92

282.9

286.7

285.73
285.73

287
288.00

288.30
288.30

291.8

292.33

292.33

292.3

296.0

r
(meY)

111±8

( " )

(111)

80

85*6

( " )

(85)

6000
(7000)

350

115±13

( " )

(115)

130

2grn

(meV)

10.64
±0.33
( " )

(10.6)

36.0
^±3.0

37.8
±2.7
( " )

(37.8)

3.2
±0.4

0.10
(0.10)

50
(15)

0.08
( " )

7.0
±0.4

5.82
±0.24
( " )

(5.8)

4.6
±0.4

(meV)
S J

0

1

1

0

r,
(meV)

56±8

11±2

6028

72±12

2trS
(meV)

"or,
(b.eV)

25±3

22.2
±2.2

60

16.3
±2.1

0>.eY)

47.3
±4.65

(b.eV)

(49-3
±1.5)

171

(174
±12)

14

(0.45)

(68)

(0.36)

31

(25.9
±1.1)

20

trl/r
(meF) (b)

V/» n/r.
<*irt/n

Reference

Derrien(67)

Blons(70)

Trochon(70)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)

Trochon(70)

Uttley(65)

Derrien(67)
Blons(70)

Derrien(67)
Blons(70)

Derrien(67)
Blons(70)

Uttley(65)

Derrien(67)

Blons(7O)

Trochon(70)

Uttley(65)



en
O

I

(eV)

.-•96.46

296.46

296.5

298.1

299-7

?96.59

298.59

298.6

30'j. 2

301.81

301.81

301.8
308.20

30b.20

309.01

309.01

309.0

311.12

311.12

r
(tneV )

81±12

( " )

(81)

100

74±7

( " )

(74)

108±6

(1O8±6)

(108)
15O±3C

(150
±30)

85±12

(85±12)

(85)

(meV)

4.89
±0.21
( " )

(4.9)

15.0
±1.0

15.80
±0.60
( » )

(15.8)

27.3
±1.0
(27.3
±1.0)

(27.3)
4.40
±0.27
(4.40
±2.7)

21.10
±0.72
(21.10
±0.72)
(21.1)

0.73
±0.18

(0.73
±0.18)

rn

(meV)
g J

1

1

1

1

1

1

r,
(meV)

rf

(meV)

30

2O±5

48±10

98±45

24±5

2grn«

(meV)

°ort
(b.eV)

8

19±4

52±7

12.2
±3.6

25.4
±2.6

1.6

°orn

(b.eV)

4.85
±2.0,

17.5
±2.4

(117.6
±4.4)

«or
(b.eV)

(21.4
±0.9)

64

(68.8
±2.6)

(18.9
±1.2)

88.8
±3.1

3.1
±0.8

eri/r
OeV) (b)

Tj/V

or[Tf/n
R e f e r e n c e

Derrien(67)

Blons(70)

Trochon(70)

Uttley(65)

Asghar(67)

Derrien(67)

Blons(70)

Trochon(70)

Asghar(67)

Derrien(67)

Blons(70)

Trochon(70)
Derrien(67)

Blons(70)

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(70)



Eo

CeV)

313-62

313.62

313.6

316.66

316.66

316.7

321.75

321.75

323.36

323.36

323.4

325.30

325.30

325.3

329.65
329.65

333.91

333.91

333.9

335.93

335-93

335.9

r
(meV)

62±6

(62±6)

(62)

73±1O

(73
±10)

(73)

160 16

(160
±20)

(160)

1O5±9

(105
±9)

(105)

1500
(2000)

67±7

(67±7)

(67)

83±6

(83±6)

(83)

(tneV)

20.40
±0.72

(20.40
±0.72)
(20.4)

7.75
±0.30
(7.75
±0.30)
(7.7)

0.20
±0.08
(0.20)

30.2
±0.9

(30.2
±0.9)
(30.2)

12.8
±0.5

(12.8
±0.5)

(12.8)

1.5
(5.6)

8.24
±0.30
(8.24
±0.30)
(8.2)

26.60
±0.72
(26.60
±0.72)
(26.6)

(meV)
g J

1

1

0

1

1

1

rr
(meV)

rt

(meV)

10±3

25±5

47±9

46±12

1947

10

18±4

2g/7
(meV)

35.5
±5.3

(b.eV)

13.0
±1.3

10.8
±1.6

22.6
±3.2

20

4.7

22.1
±3.3

"orn

0>.eV) (b.eV)

(85±3)

(31.8
±0.9)

(0.9)

(121.4
±3.6)

(51.2
±2.1)

(22)

(32.1
±1.2)

(102.9
±2.7)

%rl/r
(meV)

"0

(b)

Jj/v

or[iy)

A/ra

orc/vn
Refer ence

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(70)

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)
Blons(70)

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(70)

'Trochon(70)

I
S
in
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Eo
(eV)

337.95

337.95

337.9

339.24

339.24

339.2

343-18

343.18

343-2

346.56

346.56

350.30

350.30

350.3

352.82

352.82

352.8

354.89

354.89

359.87
357.87

r
(meV)

74±7

74±7

(74)

81±12

(81±12)

(81)

75±6

(75±6)

(75)

1200

(1200)

97±6

(97±6)

(97)

69±13

(69±13!

(69)

100

6000
(6000)

2srn

(meV)

12.09
±0.42
12.09
±0.42
(12.1)

4.92
±0.21

(4.92
±0.21)
(4.9)

23.69
to . 78
(23.69
±0.78)
(23.7)

5.2
±0.6

(5.2
±0.6)

32.25
±0.90

(32.25
tO.90)
(32.2)

5.84
±0.24
(5.84
±0.24)
(5.8)

0.60
±0.10

(0.60
to.10)

4.5
(4.5)

(meV)
g J

1

0

1

1

1

rT

(m#)

r,

11±4

33±12

18±3

1148

35±4

17±5

5949

2grn»
(meV)

7.2±2.2

7.8±2.3

22.2
±2.2

18.0
±3.6

44±3

5.2±l.O

1

«orB

(b.#) (b.eV)

46.5
±1.6

(18.9
±0.8)

(89.7
±3-0)

(19.5
±2.3)

(119.7
±3-4)

(21.5
±0.9)

(2.2
±0.4)

(16)

(mtf) (b)

7)/v

or[7)

n/rt Reference

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(7O)

Trochon(7O)

Derrien(67)

Blon3(70)

Derrien(70)

Blons(70) •

Trochon(70)

Derrien(70)

Blons(70)

Trochon(7O)

Derrien(67)

Blons(70)

Derrien(67)
Blons(70)

33
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E.

(eV)

359.99

359-99

361.28

361.28

366.00
366.00

368.33

368.33

370.31

370.31

371.72
371.72

375.02
375.02

375-0

377.10

377.10

378.04

378.04

r
(meV)

114±20

(114
±20)

5000
(5000)

105±20

(105
±20)

3400
(3400)

43±12
(43

±12)
(43)

101±20

(100
±20)

223±60

(223
±60)

2grn

(«V)

1.66
±0.18

(1.66
±0.18)

0.33
to. 10
(0.33
±0.10)

4.9
(5.4)

0.60
±0.20
(0.60
±0.20)

3.90
±0.24
(3.90
±0.24)

11
(11.5
±1.4)

4±0.3
(4.0
±0.3)
(4.0)

2.98
±0.30
(2.98
±0.30)

1.88
±0.30
(1.88
±0.30)

rB

(meV)
% i

0

r, rf

(m#)

80

4947

23

3335

6

39±H6

2grn«

(meV)

4.2

20

1.6

3

41±5

2

4±1

(b.#)
"or

(6.0
±0.7)

(1.2
±0.4)

(20)

(2.1
±0.7)

(1.37
±0.8)

(41±5)

(1.39
±1.1)

10.3
±1.1

(6.5±1)

«/•„'//- "o

(b)

v/» r,/rm

<*vt/n
Reference

Derrien(67)

Blona(70)

Derrien(67)

Blons(70)

Derrien(67)
Blons(70)

Derrien(67)

Blons(70)

Derrien(67)

Blons(70)

Derrien(67)
Blons(70)

Derrien(67)
Blons(70)

Trochon(70)

Derrien(67)

Blons(7O)

Derrien(67)

Blons(70)

H
S3
**

I .

z
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I

Eo

CeV)

382.43

382.43

384.26

384.26

384.3

385.90
385-90

389.51

389.51

391.52

391.52

394.43

394.43

394.4

396.91

396.91

401.56

401.56

401.6

r
(meV)

130

(130)

1O9±3O

(109
±30)

(109)

>1000
(1000)

74±14

(74
±14)

142±28

(142
±28)

106±13

(106
±13)

(106)

108±20

(108
±20)

220±20

(220
±20)

(220)

2grn

(meV)

0.63
±0.15
(0.63
±0.15)

8.55
±0.50
(8.55
±0.50)
(8.5)

(1.4)

2.09
±0.18
(2.09
±0.18)

1.89
±0.18
(1.89
±0.18)

9.78
±0.33
(9.78
±0.33)
(9.8)

3.17
±0.21
(3.17
±0.21)

29.1
±1.2
(29.1
±1.2)

(29.1)

(meV)
g J

1

1

1

r,
(>neV)

r,
(meV)

85

75±25

955

21

68

52±1O

61±20

154±25

2grn»
(n*V) (b.eV)

1.4

20±3

4.3

2

3

16.0
±2.4

5.9±1.2

66±7

(b.eV) (b.eV)

(2.1
±0.5)

(28.9
±1.7)

(4.3)

(7-0
±0.6)

(6.3
±0.6)

(32.2
±1.0)

(10.4
±0.7)

(94.2
±3.8)

gr'/r
(meV)

«o

(b)

v/» rt/r,
Reference

Derrien(67)

Blons(7O)

Derrien(67)

Blons(7O)

Trochon(70)

Derrien(67)
Blons(70)

Derrien(67)

Blons(70)

Derrien(67)

Blons(70)

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(70)

Derrien(67)

Blons(70)

Trochon(70)

I
S

en
to



I

Eo

(eV)

404.24

404.24

404.2

406.03

406.05

406.95

406.95

408.71

408.71

412.31

412.31

412

415.66

415.66

417.60

417.60

419.85

419.85

419.8

r
(meV)

178±16

(155
±25)
(155)

320

(320)

330

(330)

150

(150)

145±15

(145
±15)

(145)

152±30

(152
±50)

267±64

(267
±64)

139±25

(159
±25)

(159)

2grn

(meV)

54.8
±1.3

(34.8
±1.3)

(34.8)

2.75
±0.60

(2.75
±0.60)

1.46
±0.60
(1.46
±0.60)

1.94
±0.30
(1-94
±0.30)

13.41
±0.63
(13.41
±0.65)
(15.4)

4.89
±0.56
(4.89
±0.56)

2.57
±0.56
(2.40
±0.56)

9.11
±0.45
(9.11
±0.45)
(9.1)

rB
(meV)

g

1

J

1

1

rr
(meV)

rt

76±15

302

58

70±15

18

178

74±2O

(meV) 0>.eV)

55±6

1.5

4.5

2.4

20.4
±5.1

1 . 8

5
1

15±3

(b.eV) (keV)

(111.9
±41)

(8.7
±1.9)

(4.7
±1.9)

(6.2
±0.9)

(42.3
±2.0)

(15.5
±1.2)

(7.5
±1.1)

(28.2
±1.4)

%rl/r
(•neV) (b)

v/»
orft)

/f/T.
Reference

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(7O)

Derrien(67)

<Blons(70)

Derrien(67)

Blons(70)

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(70)

Derrien(67)

Blons(70)

Derrien(67)

Blons(70)

• Trochon(70)

C3

i
s
tn
to



Eo

CeV)

425.67
425.67

428.33
426.37

429.64

429.64

431.29

432.73

432.73

437.76

437.76

437.8

438.72

438.72

438.7

440.07

440.07

442.41

442.41

442.4

r
(meV)

>6000
7000

780

(780)

3500

62±15

(62±15)

(62)

61±15

(61±15)

(61)

422
±50

(422
±50)

(422)

2«rn

(meV)

0.40
(0.40)

40
14.8

5.66
±0.81
(5.66
±0.81)

7.3

1.54
±0.30

(1.54
±0.30)

4.04
±0.3C

(4.04
±0.30)

(4.0)

4.36
±0.30

(4-36
±0.30)
(4.4)

0.42
±0.15
0.42
±0.15

10.5
±0.5
(10.5
±0.5)

(10.5)

rn
(meV)

g J

1

1

0

rr
(meV) (meV)

6913

727

3443

10

3

337
±70

2K/7
(•neV) (b.eV)

45

15

20

2

0.6

24.7±4

(b-#) 0x«*0

(1 .2)

45

(17.1
±2.4)

22

(4.6
±0.9)

(12.0
±0.9)

(12.9
±0.9)

1.2
±0.4

(30.9
tl.5)

(meV) (b)

rj/v r,/r,
R e f e r e n c e

Derrien(67)
Blons(70)

Derrien(67)
Blons(70)

Derrien(67)

Blons(70)

Blons(70)

Derrien(67)

Blons(70)

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(70)

Trochon(70)

Derrien(67)

Blons(70)

Derrien(67)

Blons(70)

Trochon(70)



I

E,

(eV)

449-75

451.35

451.3

454.45

455.73

455.7

457.33

457.3

458.80

458.8

461.26

462.64

468.20

470

473.10

473.1

475-31

476.90

479.24

r
(meV)

(81)

(503)

(303)

(83)

(60)

(meV)

(2.0
±0.3)

(21.1
±1.4)
(21.1)

(0.7)

(39.7
±2.5)
(39.7)

(11.1
±1.1)
(11.1)

(6.9
±0.6)
(6.9)

(3.5
±0.4)

(0.8
±0.2)

(6.5)

(15)

(6.2
±0.4)
(6.2)

(5.7)

(2.7)

(0.2)

(meV)
K

1/2

3/4

1/4

1/2

3/4

1/2

1/2

1/4

1/4

3/4

1/4

1/4

j

1

0

1

1

rt

90

3.7

495

118

33

52.4

86

2045

5030

10

535

1950

(meV) (b.eV)

3.9

3.8

91.0

21.8

8.1

5.3

1.4

3

12.5

7

(b-eV) (b.eV)

(5.8
±0.9)

(60.8
±4.2)

(2.0)

(113.3
±7.5)

(31.6
±3.2)

(19.6
±1.7)

(9.9
±1.2)

(2.2
±0.6)

(18.0)

(41.5)

(17.0
±1.1)

(15.7)

(7.4)

(0.5)

(me?)

"o

(b) orft)
n/r,

Reference

Blons(70)

Blons(7O)

Trochon(70)

Blons(70)

Blons(70)

Trochon(70)

Blons(70)

Trochon(70)

Blons(70)

Trochon(70)

Blons(70)

Blons(70)

Blons(70)

Blons(70)

Blons(70)

Trochon(70)

Blons(70)

Blons(70)

Blon3(70)

S3
SO

en



oo
I

Eo

484.15

487.29

487.81

490.65

494.10

494.1

495.6;;

500.50

500.5

502.86

502.9

505.78

508.22

509.74

(509.7)

511.52

515.16

516.57

517.98

520.22

520.2

r
(meV)

(96)

(84)

(207)

(292)

(172)

(meV)

(3.9
tO.4)

(3.3)

(5.2)

(20*3)

(6.9
± 0 . 4 )
(6.9)

(1.2)

(5 .1
± 1 . 3 )

(5.1)

(17.8
±1.4)

(17.8)

(0.9)

(0.7)

(78.2
±4.0)

(78.2)

(12.9)

( 1 )

(0.3)

(0.7)

(22.4
±1.8)
(22.4)

rn
.(meV)

g

1/2

1/4

3/4

3/4

3/4

3/4

1/4

3/4

J

1

1

1

1

r, r,
(">*)
14.5

2220

70

32

32

167

3300

43

(meV)
"or,
(b.eV)

2.5

19.8

19.8

10.5

5.6

17.3

127.4

24

(b.#) (b.eV)

(10.4
±1.1)

(8.8)

(15.4)

(53±8)

(18.2
±1.1)

(3.1)

(13.2
±3.4)

(46.0
±3.6)

(2.3)

(1 .8)

(199.4
±10.4)

(32.8)

(2.5)

(0.8)

(1.8)

(56.0
±4.5)

tTl/r
(meV)

"o

(b)

r,/r,
R e f e r e n c e

Blons(70)

Blons(70)

Blons(70)

Blons(70)

Blons(70)

Trochon(70)

Blons(70)

Blons(70)

Trochon(70)

Blons(70)

Trochon(70)

Blons(70)

Blons(70) .

Blons(70)

Trochon(70)

Blons(70)

Blons(70)

Blons(70)

Blons(70)

Blons(70)

Trochon(70)



I

I

Eo

(eV)

524.21

524.2

525.40

526.00

527.38

530.52

530.5

539.17

539.2

540.71

541.55

543.08

543.1

545.85

547.14

549.67

549-7

553-50

554 13

555.72

r
(meV)

(101)

(192)

(70)

(67)

(51)

CmeV)

(45.9
±4.8)
(46.0)

(121)

(1.5)

(1.5)

(63.8
±5.1)
(63.8)

(17.1
±3.0)
(17.0)

( 4 )

( 8 )

(17.6
±3.0)
(17.6)

(17.5
t2.5)

(1.8)

(17.7
±1.5)
(17.7!

(17)

(52.2!

(4.9)

(n»V)
g

3/4

1/4

1/2

1/2

1/4

3/4

3/4

1/4

3/4

1/4

j

1

0

1

1

1

rr
0*0

r,

20

10500

51

- ^ 6

75

2.4

5

1120

7

1140

(meV) (b.eV)

25

2

~ l l

48

1.8

14

14

3.5

34

5

~ 2

10.5

(b.#)
"or

(hi*)

(113.6
i l l .9)

(299)

(3.7)

(3.7)

(156.3
tl2.8)

(41.2
±7.2)

(9.6)

(19)

(41.0
±7.2)

(41.7
±6.0)

(4.3)

(41.9
±3.5)

(39.9)

(122.5!

(11.5)

tri/r
(meV)

"0

(b)

T)/V

or[i?)

n/r,
orCrf/r]

Reference

Blons(70)

Trochon(70)

Blons(70)

Blons(70)

Blons(70)

Blons(70)

Trochon(70)

Blons(70)

Trochon(70)

Blons(70)

Blons(70)

Blons(70)

Trochon(70)

Blons(7O)

Blons(70)

Blons(70)

Trochon(70)

Blons(7O)

Blons(70)

Blons(70)

I
2
tn
to



s
I

559.16

559.2

562.84

564.OJ

565-81

571.11

571.1

574.00

574.0

575-77

575.8

5^8.00

579.04

579.1

584.81

588.09

588.1

589.94

593-52

r
(meV)

(127)

(71)

(180)

(115)

(77)

(78)

2grn

(meV)

(40.8
±2.4)

(41.0)

(53-6
±4.0)

(9.8
±1.6)

(142
±1.2)

(12.9
±0.9)

(12.9)

79-5
±6.0

(79.5)

(59.7
±5.6)

(59.7)

(2.5)

(10.3
±0.9)
(10.3)

(0.7)

(16.9
±1.2)
(16.9)

(0.5)

(3.2
±0.5)

rn
(meV)

g

3/4

1/2

3/4

1/4

3/4

1/2

3/4

3/4

1/2

J

1

1

0

1

1

1

rr
(meV)

r,

21

~ 2

5

33

220

8

36

7

10

4

2grn«

(meV) (b.eV)

22

81

1

2.9

1 1 . 5

94

12

2.5

2 . 8

6

0.6

o o/ \ ,
(b.eV) (b.#)

(94.9
±6.7)

(123.8
±9.3)

(22.6
±3.7)

(32.6
±2.7)

(29.4
±2.1)

(180.0
±13.6)

(134.8
±12.6)

(5 .6)

(23.1
±2.1)

(1.6)

(37.4
±2.6)

(1.1)

(7.0
±1.2)

tTl/r
(meV)

"o

(b)

v/» r,/r,
orCTf/n

R e f e r e n c e

Blons(70)

Trochon(70)

Blons(70)

Blons(70)

Blons(70)

Blons(70)

Trochon(70)

Blons(70)

Trochon(7O)

Blons(70)

Trochon(70)

Blons(70)

Blons(70)

Trochon(70)

Blons(70)

Blons(70)

Trochon(70)

Blons(70)

Blons(70)

3!

I



(eV)

597.35

597.3

598.04

604.01

604.0

607.64

607.6

609.29

609.3

612.82

620.24

620.8

622.39

622.6

625.17

625.2

628.21-

632.97

636.47

r
(meV)

(65)

(75)

(83)

(85)

(77)

(60)

(65)

2§rn

L(meV)

(12.9
±1.5)

(13.0)

(21.6
±4.0)

(37.6
±3.3)
(37.5)

(14.6
±1.2)
(14.6)

(23.6
±2.4)
(23.6)

(8.8
±0.8)

(17.8
±1.5)
(17.8)

(14.7
±1.2)

(14.7)

(11.8
±1.2)

(11.8)

(2.2
±0.7)

(34
±4)

(8.0
±1.2)

rn
(meV)

g

3/4

1/4

3/4

3/4

3/4

1/2

3/4

3/4

3/4

1/2

1/4

1/2

J

1

1

1

1

1

1

1

rr
(meV)

rt
(meV)

5

5915

3.5

7.7

6.6

14

5.4

9.8

7.5

9

3800

16

Ur*
(meV) Cb.eV)

2.6

44

4

4.2

5.2

4

3.4

4.9

3.2

0.8

68

4

(b.eV) (b.eV)

(27.0
±1.7)

(47.0
±8.2)

(80.9
±6.8)

(31.2
±2.5)

(50.4
±5.1)

(18.7
±1.8)

(37.3
±3.2)

(30.7
±2.6)

(24.5
±2.6)

(4.6
±1.5)

(69.8
±8.2)

(16.3
±2.5)

url/r
(meV)

"o

(b)

tj/v r,/ra

°rCr,/n
R e f e r ence

Blons(7O)

Trochon(70)

Blons(70)

Blons(70)

Trochon(70)

Blons(7O)

Trochon(70)

Blons(70)

Trochon(70)

Blons(70)

Blons(70)

Trochon(70)

Blons(70)

Trochon(70)

Blons(70)

Trochon(7O)

Blons(7O)

Blons(70)

Blons(70)

SO

T
2

<o

to



Eo

(eV)

639-28

639.3

641.42

644.94

644.9

646.65

658.29

658.3

r
(meV)

(63)

(57)

(271)

2grn

(meV)

(13-9
±1.5)
(13.9)

0.7

(8.8
±1.2)
(8.8)

1.5

(122
±13),

(128.0)

rn

(meV)
g

3/4

3/4

3/4

J

1

1

1

CmeV)

r,
(meV)

6

3

19

2grn°

(meV) (b.eV)

2.8

1

33.2

(b.#)

(28.3
±3.1)

1.4

(17-7
±2.4)

3

(253
±25)

"o

(b)

r,/r.
or(rt/r)

Reference

Blons(70)

Trochon(70)

Blons(70)

Blons(70)

Trochon(70)

Blons(70)

Blons(70)

Trochon(70)

So

to
I

to
-0
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Original Notes for Table 2

Sauter 65)

a) Quoted uncertainties for gp /f values are estimates of

uncertainties in measuring scattering area only.

b) Upper and lower values in column for g are determined

using values of gfn and F from references Sen 67) and

B 65), respectively.

Derrien 67)

a) BNL 325

b) Assumed level to explain the large residual cross

section between 10.93 and 11.89 eV.

c) Assumed level to explain the strong asymmetry of the

resonance at 57ohh eV.

d) Complex group of resonances among which two narrow

resonances are clearly distinguished. Taking account of

these two levels (81.J6 and 85-32 eV) only, the cross

section curve can not be reproduced.

e) Assumed level to explain the strong asymmetry of the

resonance at 212.02 eV.

f) Assumed level to explain the large residual cross section

between 225 and 228 eV. There are, perhaps, two large

resonances.

King 69)

a) The upper and lower values are obtained assuming J to be

0 or 1, respectively.

Veinstein 69)

a) Uncertain assignment.
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Appendix Multilevel Parameters

Derrien et al. carried out the analysis of the Saclay data
239

on total and fission cross sections of Pu using the Reich-

Moore's multilevel formula . Experimental informations on

the Saclay data are summarized in Chapter III. The agreement is

very good between the theoretical curve and the measured points.

Their resonance parameters are shown in Table Al.

The same kinds of the analysis were made by James ' and

Farrel . The resonance parameter sets obtained by them

(Table A2 and A3) are considerably different from each other

and from the set by Derrien et al. mentioned above, even though

these three analyses were carried out by using the same formula.
D70)

On this point, Derrien et al. comment in their paper ' as

follows. "James' conclusions are qualitatively the same as

ours. But the parameters he obtained are very different from

ours, probably because he did not take into account the

resonances outside the range he studied, for example, those at

60.94, 96.49 and 100.25 eV. It is not possible, within the

available informations, to make a detailed discussion about the

parameters obtained by us and those by Farrel."

Gwin et al. adopted the multilevel formula of Adler and

Adler for the analytical description of their experimental
c 71 1

results . Their parameter set is summarized in Table Ak.

The Reich-Moore and the Adler-Adler multilevel formulae

are briefly reviewed in Table A5.
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Table Al Multilevel Parameters of Pu, Derrien (70)

Energy

(eV)

0.296
7.800

10.910
11.878
14.307
l<4.66o
15.405
17-633
22.234
23.876
26.223
27.233
32.265
35-422
41.373
41.623
44.435
47.494
49.446
50.033
52.533
55-582
57.003
59.153
61.866
63.018
65.497
65.711
74.053
74.937
78.968
80.915
82.666
85.490
85-534
90.711
92.953
95.374
96.332
101.751
103.010
105.301
106.670
110.410
114.692
115.185
116.075
118.831
121.006
123.467

(.meV)

0.24
0.77
1.85
0.98
0.66
1.92
1.73
1.83
2.59
0.09
1.52
0.15
0.84
0.25
3-79
1.38
5-83
5.25
3.44
2.97

10.02
1.51
14.47
4.80
26.25
0.70
13.66
9.17
3-37

22.78
0.04
4.95
0.39
7.45

53.41
11.86
0.70
1.90

20.66
9.05
1.61
4.78
8.93
0.44
2.50
0.21

11.75
16.85
2.38
0.51

Channel 1

fr
(meV)

-47.0
-120.0

21.0
61.0
37-0

-4o.5
-64.0
30.0
44.0

- 8.0

5.3
- 3.6
43.4

- 5.0

-12.5
9.0
22.0

102.0

80.0

28.5
-26.0
-87-0

2.0

10.0
9.4

9.0
9.0

-25.O

10.0
- 6.0
-26.0
13.0

160.0

-34.0
36.0

-39.0

Channel 0+

^ 1
(meV)

-442.0

281.0
-786.0

-1554.0

7102.0

238.0

963.0

-2010.0

842.0
-4823.0

-1654.0

-117.0

' ̂ 2
(meV)

60.0

: 99.4

-114.0

-70.0
-61.0

28.0

20.0

151.0

582.0

55-0

1816.0
25.0

-17.0

-139.0

j

1

1

1
0

1

1

1

1

1

1
1
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126.226
127.557
132.321
133-784
136.770
139.340
142.963
143.470
146.250
147.496
148.242
149.442
157.009

1.93
0.51
35.06
5.59

10.24
0.10
3.24
4.08
7.05
3.53
0.44
1.69
32.55

-20.0
25.0

- 6 .u

120.0
82.0
31.0
13.0

102.0
50.0

3991.0

1499.0

29.0

- 35.0

- 84.0

86.0

473.0

1
1

1
1

Table <

Energy
(eV)

60.94
78.95
81.36
82.68
85.22
85.48
96.49
100.25

239b.2 Multilevel Parameters of Pu, James

r* O
n

(meV)

3-843
0.012
0.598
0.055
6.24
0.85
1.36
1.11

r fi
(meV)

5930
l4o
-456.2
29.5

2686
37.0

1647
0

r f
(meV)

0
_

415.8
-

571
_
0

59^9

rr
(meV)

40 •
4o
4o
4o
4o
40
4o
40

(68)

T

J

0
1
0
1
0
1
0
0

- 6 6 -
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Table A3 Multilevel Parameters of "PU, Farrel (68)

En Energy
(eV)

14.29
14.68
15-38
17.65
19-32a

21.45b

21.70b

22.26
23.91
25.15b

26.25
27.25
3O.6OC

32.34
33.50
34.30
35.47
37-25b

39-25b

4O.95C

41.43
41.72
44.51
46.OOc

47.64
49.60
50.10
51.60b

52.59
55.66
57.30
59-22
6o.65c
62.70
63.16
65.4oc

65-75
66.75
68.05c

74.19
74.97
77.8Oc

78.60
81.10
83.62
85.40
85.60

r °
(meV)

0.183
0.429
0.537
0.390
0.017
0.018
0.0087
0.585
0.038
0.000
0.360
0.080
0.000
0.147
0.0001
0.0013
0.010
0.0002
0.0004
0.015
0.101
0.112
0.220
0.0002
0.718
0.536
0.231
0.0021
0.405
0.143
2.607
0.563
0.011
1.689
0.087
0.099
0.934
0.515
0.0017
0.385
1.893
0.040
0.0009
0.948
0.024
0.160
4.702

rfl
(meV)

-67.00
68.00
608.00
-68.36
-9.93

250.00
-110.00
47.24

-14.8
45.00
-44.0
-1.58

2000.0
99.10

-50.0
50.00

-25.0
80.00
50.00
76O.OO
39.35

-79.2
23.75
30.00

900.00
-23.70
-30.0
32.43

-43.7
io4o.oo
-141.00
185.0

-4250.0
-54.4
-39.2
-127.00

-250.00
91.90

148.00

50.00
1950.00
-74.30
48.30

-1916.00

r f 2
(meV)

230.0

1355.00

2000.0

(meV)

40
40
40
40
40
4o
40
40
4o
4o
40
40
40
4o
40
40
40
40
4o
40
4o
40
40
40
40
40
4o
4o
4o
4o
40
4o
4o
4o
40
4o
4o
40
4o
40
40
40
40
40
40
4o
4o

T
<J

1
1
0
1
1
0
1
1
1
1
1
1
0
0
1
0
1
1
0
0
1
1
1
1
0
0
1
1
1
1
0
1
1
0
1
1
1
0
1
1
1
0
1
0
1
1
0
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Original Remarks:

O F « and F ~ are the partial fission width in the twofl f2
channels assumed open.

O r ° = r /£E /(leV)')1'2, rr assumed constant

a) Parameters very uncertain due to close proximity to a

resonance in the tanget backing.

b) Resonance included to improve the fit, primarily in the

valleys. Their existence is probable but positions and width

are uncertain.

c) Resonance previously unreported but whose presence seems

well established by the present fit.
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2 TQ
Table Ak Multilevel Resonance Parameters for Pu up to 100 eV, Gwin (7l)

MeV)
-1.59980
-0.26000
0.29835
l.O627Oa

7.65OOOb

7.85088
10.97580
11.93653
14.37746
14.72565
15.48510
17.70590
18.84000°
21.20000b

22.31846
23.96776
26.31851
27.13OOOb

27.28879
32.41014
35.56785
38.34451a

41.44697
41.70891
44.51491
46.28l27b

47.64913
49.81032
50.12126
52.63105
55.69361
57.52205
59.25127
62.01051
63.16234
65.78392
65.83534
74.13715
74.98343
82.57221
81.12790
85.47746
85.56970
90.79346
93.02340
95.46961
96.59844
100.12074

*(eV)

0.09639
0.10000
0.04866
0.01678
O.O36OO
0.04638
0.10560
O.O35SO
0.05802
0.03759
O.36115
0.03956
0.18450
0.05000
0.05748
0.12357
0.05203
O.O595O
0.07169
0.10048
0.03278
0.04505
0.03159
0.05210
O.O3292
0.14646
0.14511
0.57648
0.04688
0.04038
0.04680
0.51794
0.08883
2.45979
0.18572
0.08616
1.08981
0.08681
0.07623
1.06468
0.87003
1.14217
0.02067
0.03099
0.01909
0.02301
O.83728
4.48486

G'(b.eV3/2)

337.16308
-0.56911
59.67277
23.26925
6.04517

128.75158
110.42144
182.96548
55.81039
260.98909
14.41901
222.00144
298.90448
144.94222
230.21998
15.66631
147.91834
71.77136
50.19682
14.73027
48.28967
18.38474
551.94794
68.14301

8O3.21122
101.66089
51.03913
-19.08534
353-38880
1020.15666
128.70973
62.40372
172.50816
75.04860
44.56036
717-59642
0.0

266.91436
659.59511
77.25720
-23-39849
115.46310
539.20575
846.04172
65-73827
133-81049
47.41997
191.72241

Hr(b.eV3/2)

17.75120
0.35413
O.OO5O6
-0.25338
-1.11225
1.22563
5.42050
-3.25150
3.92790
2.63596
1.25293
5.44303

-30.36788
29.68602
7.72855
4.85672
8.51285
30.71388
0.0
1.46599
6.87629
2.32437
-9.30022
11.99331
18.69121
9.11142

-12.68877
69.06896
-9-18960
21.22875
IO.57667
16.04176
9.58430
98.85408
2.70246

-26.50485
0.0
25.85486
-49.07940
19.78875
0.0
I.67278
16.58042
12.43116
4.59544
21.17057
40.72303

-196.05?15

Gf(b.eV3/
2)

2196.92669
23.11888
85.91635
0.0
0.0

151.42278
421.15396
105.63263
112.98468
220.58809
165.16944
192.16712
0.0
0.0

318.49420
14.40227
155.57259
0.0
4.45996
37.33409
4.21690
0.0
47.70132
85.18111
78.85531
0.0

196.64505
189.13998
83.68742
180.54524
71.40199
902.69006
412.66512
441.52957
86.84371
666.27011
246.28587
195.44100
1378.25859

0.0
139.68610
1605.56795
147.85674
169.27493
7.57478
50.98222
378.24246
771.56103

Hf(b.eV3/2)

15.96231
7.89156
-3.15557
0.0
0.0
9.O8156

-28.63627
23.04872
36.01877

-25.56715
-9.48970
8.10439
0.0
0.0
-0.88909
5.59772
6.14954
0.0
3.13136
4.08433
1.71237
0.0
0.0
8.90254
4.94228
0.0
4.34830

-II.44309
19.36298
-0.08102
19.25959

-314.81178
6.32604

347.55798
11.91151 .
77.13599

-206.20557
63.40090
-52.41285
0.0

-247.69306
276.08260
18.09259
2.78836
3.49719
7.88974 '
58.49551
76.79344

2^0-a Pu.

b Tungsten.
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Table A5 The Reich-Moore and the Adler-Adler Formulae

for the Neutron Cross Sections

Reich-Moore Formula

,J = 2 T ^ g [ l - cos (2te)] + 4

T J= 4 " # g [ Re O n n ) ~ ' /°nn |S 3

' f = 4 " ^ g ^ l p n c I2 (The sum e x t e n d s on ly o v e r f c h a n n e l s )

/>nc =*nc - C (I - K ) ' ]nc

(r> r, r . ') ' /2
(I -K)cc'= « « . - • £ - *

2)
Adler-Adler Formula

( M-x- E ) 2+ v x
i ( a . 6 . 5 2 x l 0 . b a m , e V )

Note: Symbols C (or C') and ^ in the above expressions denote

the channel and the level. Expecially, the letter n

stands for the neutron channel. Other symbols are used

in their conventional meaning. The smooth background due

to the neglected "far away" levels has been omitted for

simplicity.
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