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FOREWORD

This compilation presents the main results of studies on photoneutron

reactions near the threshold, taken from work published before 1 January 1973»

Wherever a particular group of authors published several studies in the same

connection, only the results of their most recent work are given. In order

to speed up release of the information and to enhance its transmission

reliability, all the graphs are presented in the form of photocopies of the

source material.

The elements for which data are given are arranged in order of their

numbers in the periodic table, and for each individual element the data are

given in the numerical order of the mass numbers of the isotopes. In the top

right-hand corner of each page we give the periodic table number, the symbol

for the element and the mass number. Where the data relate to a natural

mixture of isotopes, this is indicated by the letters "nat" instead of the

mass number; data of this kind come before the data for the individual isotopes.

The data given for each element are broken down as follows:

Isotopic content (precedes the data for natural mixtures of isotopes).

Information is given on the abundance of the various isotopes p(%) and

their neutron binding energy Q (MeV).

Level scheme (Precedes the data for individual isotopes). In the

centre of the scheme are given the values of p and J for the ground

state of the parent nucleus together with the spin characteristics of

levels which can be excited in El and MI transitions. On the left is

shown the arrangement of lower levels of the residual nucleus A-l with

their spin characteristics and excitation energy in keV. On the right-

hand side, the energy scale is given in the centre-of-mass system (CMS):

the first figure shown above 0 is the neutron binding energy in the

parent nucleus Q (MeV), which is also the reaction threshold energy in

the CMS. The values Q are taken from tables of Kravtsov[2d] and [l7d]

Gove and Wapstra. The figures given higher up the axis are the sums

of Q and the excitation energies for the corresponding levels of the

residual nucleus, which in the CMS are the threshold energies of (y»n)

reactions with formation of a residual nucleus in some excited state:

E = Q + E . T o a first approximation the* values of E indicatec n c c
the minimum values of bremsstrahlung end-point energy J2 for which
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these processes are possible. More exact values of threshold energy

E in the laboratory system of co-ordinates can be obtained from

the E values using the well-known formula
c

2MC2

where H is the mass of the parent nucleus.

The differential cross-sections are presented in graphical form only.

The main details of the experimental conditions are given under the

diagram: the maximum bremsstrahlung energy E (or accelerated electron

energy E ), the angle $ between electron beam axis and direction from
G

sample to neutron detector, energy resolution of the spectrometer, type

and composition of the test sample, etc.

Photoneutron yield. Data given under this heading have been presented

by their authors in "rough" form: the number of counts per analyser

channel as a function of channel number. This type of information is

given either when differential cross-section data for the type of

nucleus under consideration are lacking or when they differ from the

results given. For the rest, the arrangement of the material is

similar to that under the heading "Differential cross-sections".

Resonance parameters. The following data are given in tabular form:
lab

neutron energies E , in the laboratory system of co-ordinates, correspon-

ding to the maximum observed resonance peaks, partial widths of radiative

transitions to the ground state of the parent nucleus r , combinations

of these widths with other widths and with the spin factor g , values

of J . The symbols GS and ES denote transitions to the ground and

excited states of the residual nucleus, respectively. The last columnX6S

gives the neutron energies E at which the corresponding resonances

are observed in neutron experiments (total cross-section measurements,

scattering cross-section measurements, etc.). The values of E takenfrom studies on gamma rays (e.g. Baglan, et al.[27]) were obtained
lab

by converting the measured values of E using well-known formulae.

For some of the isotopes in the tables data are given from various works

for comparison. In such cases, when the values of E are similar and

it can be assumed that the data given refer to the same resonance, all
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the details are written in one line; when this procedure is unclear, the

data are written in different lines.

Radiation strength function S = < P /D>. This physical quantity can

be estimated whenever information is available on the values of ?
yo

and of the nuclear level density, but in this book only the values of

S obtained by the authors of original studies aire given.

Non-resonance cross-sections <* (cross-sections of a non-resonance

process) are taken from evaluations in which the asymmetry found in the

individual resonance peaks is attributed to interference of the ampli-

tudes of direct and resonance mechanisms.

Doorway states. Consideration is given to the possibility of explaining

some of the phenomena observed (level grouping, correlations between

partial widths, etc.) by the production of so-called "doorway states";

the validity of such explanations is also assessed.

The Annexes contain a compilation of reference data which may prove

useful for specialists studying photoneutron reactions near the threshold.

Annex 1 consists of a table giving the main characteristics of all

stable and long-lived isotopes contained in a natural mixture: mass

number, spin and parity, abundance, neutron binding energy Q , decay

type and period of the residual nucleus formed by the (y»n) reaction.

In cases where the formation of long-lived isomers is possible, two half-

lives are given separated by the sign (+); the symbol IT is used to

designate isomeric transitions for nuclei which are stable in the ground

state. The values of Q were taken from Kravtsov[2d] and Gove and

Wapstra[l7d], and the remaining data from Dzhelepov, Peker and Sergeev[ld](

Annex 2 is a bibliographic index of studies on photoneutron reactions

near the threshold, as of 1 January 1973. Its structure is based on the

well-known CINDA system, which has been successfully used for a number of

years, on an international scale, for indexing neutron data. Slight

modifications of this system, allowing it to be used to describe a wider

class of reactions, are described by Abramov[l8d]. The tables in

Annex 2 are print-outs of M-222 computer punched cards. Transferring

the index to computer carriers required certain changes in the entry,

compared with Abramov's study[l8d], namely:



(1) The length of the line is shortened from 128 to 120 characters

by reducing the spacing "between the columns to one character

(except for the space preceding the "Comments11)- This was

necessary so that all the information recorded in one line

could be fitted on to a single M-222 punched card;

(2) Changes in column headings:

DATA TYPE - type of data presented;

E PRIM - energy of primary particles (gamma quanta);

E SEC - energy of secondary particles (neutrons);

NT - Nature of the work (experimental, theoretical, etc.) and

Tjjrpe of publication (article in journal, report, etc.);

YEAR - date work was published (month and year);

(3) For the sake of standardization the symbols for certain

quantities were changed:

Before In this work

ANALG STATES ANALG STS

NON RESN GN GN NON RESN

(4) A separating sign (;) was introduced in the "Comments", and

the abbreviation IPI (= J ) was added to the thesaurus of

measured quantities.

The primary sources used in the work are given in two lists.

The first (main) list contains papers devoted to the study of photoneutron

reactions near the threshold. Figures in square brackets (e.g. [27]) are

references in this list.

The second (supplementary) list contains studies, findings of which are

used in analysing the main data (level-scheme data, neutron binding energies

in nuclei etc.). Figures followed by the letter "d" in square brackets

(e.g. [9<i]) are references in this list.
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BERTLLIUM-9

El Ml

9Be
(100%)

Be - 009

1/27
1/2+

3/2"

3/27

3/21

5/2- _

fi/2+

-

_

4,565

1,665 [2a]

0

Effective cross-sections of (y,n) reactions [5]

2.0

• 0 .5- in . SAMPLE
A 1.0-in. SAMPLE
• 1.0-in. SAMPLE, N O B C SLEEVE
T JOHN AND PROSSER
• GIBBONS e t o l .

BREIT-WIGNER FIT TO ALL DATA
BREIT-WIGNER WEIGHTED FIT TO ALL DATA
BREIT-WIGNER FIT TO EARLIER DATA ONLY

10 15 20 25

, h r (keV)

30 35 40

= 3.5 MeV

3 = 135°

The quantity E - E is plotted along the axis of
abscissa and, within the'accuracy of the kinematic corrections,
it is equal to E^b.n

The graph shows total cross-sections of (y»n) reactions,
obtained from differential cross-sections by multiplying by
4* , and normalized to the results of Eefs L3d]A and [4d] ^
for E - E th = 26 keV.

Y Y

The energy resolution is 30 nsec/m; corresponding values
of AE are shown by the triangles in the upper part of the
figure.
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FLUORINE-19

Level scheme [id]

0 +

3 +

1043

940
EI

I8t

I/2t 3/2+

1/27 3/2"

UI

I 9F

(100%)

Differential cross-sections [27]

- F- 019

11,485

11,382

10,442

1

-

1

1 1 1

k

I I I

1

\y ••••
1

1

/

1

1

f

1

JQ

— 0.4
c
©

"So.3
CO

CO

O0.2
CO

I 0.1

g 20 40 60 80 100 200 400 600

Neutron Energy (keV)
= 11.7 MeV

I = 135°
Resolution = 3.5 nsec/m

Resonance parameters [27]

n

(keV)

100 1.8

GS
or
ES

GS
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MAGNESIUJt-24
12 - P I IT- 024

Level scheme [ i d ]

2042

5/2+ 449
3/2+ 0

23

El MI

2 4 l

(78,70%)

18,577

16,984
16,535

Differential cross-sections [27]

£ Excitation Energy (MeV)
• o A J 16.557 16.645 17.601
E 0.4 i < • >—-—i 1 « i r~i

'10 20 40 60 100 200 400 600 1000 2000
Neutron Energy (keV)

^ 19.5 MeV

a - 135°
Resolution » 2.3 nsec/m

Sample - magnesium oxide. Isotopic compotjition:
99.9:0 .08:0 .01. Weight of magnesium-24 - 113 g .
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Resonance parameters [27]

12 - - 024

^ a b

(keV)

22

55

110

312

382

717

1210

1620

1955

(eV)

0,61

2 ,*

4,0

10,7

19,5

GS
or
ES

GS
GS

3 *

d")
(!•)

(I")
(I")

CO

(eV)

0,40

1,6

2,7

7,1

13,0
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MAGNES1CJM-25 12 - r i f f - 025

Level scheme [id]

2+ 1368

0+ 0
El MI

3/2+,

3/2",

5/2+,

5/2",

7/2 +

7/2~

- 8

7

,699

,331

251

(10,13%)

J 0

Different ial cross-aections (.16, 27 J

7.313
EuititKMi Eicr||(McV)

7.43< 7.W 7.542 7.594 7.647 7.700

350

= 11.0 MeV

Q - 135°
Resolution = 1.6 nsec/m

Sample - magnesitim oxide. Isotopic composition:
= 1.86:97.87:0.26. Weight of magnesirun-25 - 29.7 g.

Arrows indicate peaks corresponding t o t r ans i t ions t o excited
levels of the residual magnesium-24 nucleus.
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12 - - 025

ExcitatiM EMr«(MeV)
7JS2 7362 8.172 8.382 8.592 8.801 3.010 9.220 9.430

800 1000 1200 1400 1600 1800 2000
NtatrM ttrn (keV)

See subscripts to Pig. (a). Range of higher neutron energies,

Resonance parameters [27]

En
(keV)

9,r,o rn/r
(eV)

&s
or
ES

(eV)
n

(keV)

41,1
45,1

74,9

208

236

404

439

472

515

601

781
912

1236

1707

1764

0,09
0,31

0,36

0,29

0,09

0,03

0,05

0,06

0,46

0,18

1,51
0,72

2,4

&S

ES

GS

ES

cs

GS

ES

3/2

5/2+

3/2+, 5/2+

1,1 84,1

261

445

484

520

567

661

857

1003

1869

1931



Level scheme [id]

7/2+

3/2+ 976

1/2+ 584

5/2 0
25

- 1 1 -

MAGNESHJM-26

El

26

MI

(11,17%)

12 -

12,708

12,073

11,681

11,097

026

Resonance parameters [27]

(keV)
g,r,.rB/r

(eV)
as
or
ES

(eV)
n

(keV)

54,3
63,2

181

222

391

621

738

1122

2,6

0,05

1,0

1,9

5,1

32,5

I5iO

14,7

GS

GS

GS
GS

GS

ES
GS

I

I

I

I

I

I

1,75
0,034

0,68

1,3

3,5

22,2

5,1

10,0

62,3
72,2

202

248

433

684

1232

Radiation strength function [27]

<TJ0/D> = (3,1 ± 2,0)-I0"5

J0
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12 - - 026

Differential cross-sections [lO, 27]

10

~ 5

E 2 -

Excitation Energy(MeV)
11.118 11.204 12.151

O

</>

ial
 C

r

g

lif
te

r

l

0.5

0.2

0.1

0.05

0.02
10 20 50 100 200 500 1000 2000

Neutron Energy(keV)

^ = 13.3 Me?

o = 135°

Resolution - 2.3 nsec/m

Sample - magnesium oxide. Isotopic composition:
= 0.21:0.09s99.7.

Arrow indicates a peak corresponding to the transition to an
excited level of the residual magnesium-25 nucleus.



Level scheme [id]

1780

28.
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SILICON-29

El MI

SL- 029

I / 2 \ 3/2+

1/2", 3/2"

29 S i
(4,70%)

10,258

8,478

0

Photoneutron yield [40]

600-

400-

3

o
u

200-

1200 1400 1600
CHANNEL NUMBER

1800 2000

E - E.,e th 1 .92 MeV

90°

= 10.4 MeV)

Sample - 63 g of SiO_ enriched to "si 99$.

No account is taken of variations in detector sensitivity with neutron
energy or of the energy dependence of the gamma radiation flux.

Near the resonances the values of Ê  are given in keV.

Transitions are observed only to the ground state of the Si nucleus.

The resonance with E a 761 keV is shown expanded in the insert.
The continuous curve represents calculations based cm the Breit-Wigner
formalism with V = 26 keV and a^, = 0.32 mbarn.



- 14 -

Non-resonance cross-section [40J

a =0.32 mbarn



Level scheme [ id]

2+ 1451

I + 705
0+ 684

I + 0
301

PHOSPHORUS-31

El

31

Resonance parameters [27.]

3/2+,

3/2", 1/2

1/2

15 - - 031

13,766

13,020
12,999

12,315 [2fl]

-» 0

n
(keV)

109

280

398

678

939

(eV)

0,86

0,60

0,59

0,90

4,4
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ARGOIT-40
18 -Ar-

Level scheme [id]

3/2+ 1515

3/2" 1270
El

7/2 U //t

39Ar

HI

11,390

11,145

9,875

- 1 0

°Ar
Differential cross-sect ions

06 0-8 10 20

NEUTRON ENERGY (MiV)
30

^ = 12.6 MeV

% m 90°

Resolution = 0.6-0.9 nsec/m
The figures near the arrows represent the excitation energies of the

"Ar nucleus.
39All observed peaks correspond to the formation of a ^Ar nucleus in

the ground state.

Cross-sections averaged for intervals of E » 200 keV are shown in

the insert.

40
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is - A r - o*o

Resonance parameters [39]

Excitation
energy

(MeV)

10,393

10,418

10,451

10,481

10,573

10,593

10,640

10,680

10,725

10,762

10,813

10,92

11,05

11,09

11,20

11,26

11,34

11,43

11,51

11,67

11,71

11,81

11,90

12,06

(12,16)

12,27

12,41

(eV}

(11,3)

(9,6)

(5,0)

(5,0)

7,3

8,1

9,3

7,0

7,0

12,8

11,7

13,2

5,2

11,2

7,3

6,0

8,9

II.2

15,2

4,4

3,5

11,5

9,2

9,1

(8,7)

4,6

(4,5)

Y~I + 5/6 tin
% = 3 / 2

22

V
(eV)

(7,5)

(6,4)

(3,3)

(3,4)

4,9

5,4

6,2

4,6

4,7

8,5

7,8

8,8

3,5

7,5

4,8

4,0

5,9

7.4

10,1

3,0

2,3

7,7

6,2

6,0

(5,8)

(3,1)

(3,0)
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is - A r - 0*0

Radiation strength function for El transitions

= 8-nr5 [39].



Level scheme [5<i]

(5/2") 1350

(5/2") 1163

1/27 3/2" 777
3/2" 749 —

7/2" 0
51 Cr

- 19 -

CHROMIUM-52

El MI

52 Cr
(83,76%)

-Cr - 052

13,401

13,214

12,828
12,800

12,051

Differential cross-sections [27 J

Excitation Energy (MeV)
12.140 12.242 12.345 12.448 12.550 12.653 12.756 12158 12.961 13063
'ft1 i t a rt

a s a a a
12

• - •10 .4

' 0 200 400 «M 100 1000

Energy (keV)

I • 5

300 lol l 50iT
RS S

700
Neutron Energy (keV)

9 0 0 1 0 0 0

= 13.7 MeV

= 135°
Sample - metal. Isotopic composition: J Q,v.

4.31:83.76:9.55:2.38.
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Cr - 052

Mass of chromium-52 - 214 g.

Resolution - 1.1 nsec/m.

The insert shows cross-sections averaged for a right-angled smoothing
function of width 40 keV.

The arrows in the lower part of the diagram indicate the position of
isobar-analogues of the lower levels of the 52y nucleus. The figures
beside the arrows represent values of Jn and of excitation energy of
these levels.

The arrows in the upper part of the diagram indicate resonances
associated with other chromium isotopes, and the figures are the
corresponding mass numbers.

Resonance parameters [27]

68,2
105
121
125
133
147
166
175
191
203
210
229
238
249
264
274
286
293
341
349
385

0,69
0,40
0,71
0,35
0,60
0,31
0,50
0,62
0,95
0,49
0,43
2,47
0,71
1,22
0,95
0,61
0,55
0,59
0,78
1,04
0.66

OS

c-s
as
as
&s

OS
G-S

as
GS
GS
GS
GS
GS
GS
GS

GS
GS
GS
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CHROMIUtt-53 -Cr - 053

Level scheme [6d]

El
0 + 0 7777*777*7*7

1/2" - 5/2"
+ - 5/2+

MI

7*3/2-

53Cr
(9,55%)

',943

Differential cross-sections [27» 28]

Excitation Energy (MuV)
7.994 8045 1096

j = 11,5 MeV

8 = 135°.

100 150
Natron Energy (keV)

148

200
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-Cr- 053

Resolution - 1.1 nsec/m

Sample - 52 g of Cr 0 , Isotopic composition: * Cr:^ Cr'. C
= 0.82:3.37:95.56:0.25. height of chromium-53 - 41.5 g.

The arrows indicate the position of resonances with Jw = l/2
which are known from the measured total cross-sections of
chromium-52.

8.250

Excitation Energy (MeV)
8.353 8.455 8.557 8.659 8.76? 8.864

300 400 500 600 700 800 900

Neutron Energy (keV)

See subscripts to preceding diagram.

Range of higher neutron energies.

Cross-sections averaged for a right-angled smoothing function
of width 40 keV are shown in the insert.
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Photoneutron yield [2°-]

Cr - 053

Ey = 9 ,1 MeV

9 = 135?

Sample - 64*4 B

Resolution — 1 nsec/m
Cr 0 . Chromium-53 content

Values of
n

are shown near the peaks.
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24 -Cr- 053

Resonance parameters

]

(

[27]

21,4
28,3
44,4
45,5
47,1

54,5
67,2
89,0
91,0

92,7
94,4
98,6

102
104

106

117
124

132

147
170

182
191

212
224

3 l a i 3

"n
jkeV)

[29]

21 ,

45,

47,
54,

92

101

105

107
117

125

133
146

175
182

193
196

226

4

5

7
6

9 r o rn / r
' (eV)

[27]

0,013
0,031
0,022
0,034
0,042

0,084
0,049
0,38
0,17

0,057
0,25
0,15

0,11
0,13

0,10

0,31
0,34

0,20

0,065
0,054

0,31
0,35

0,084
0,40

GS
or
ES

[27]

GS

GS
G S

G-S

G S

G S

GS

3

[29]

[l/2+]
I/2+

I/2+

3/2"

3/2"

3/2-
I/2+

3/2"

3/2"
1/2"

1/2"

1/2"
3/2"

[l/2+]
I/2+

r vn/r
(eV)

[29]

0,026 *

0,009 *
0,17 •*
0,179
0,046 *

1,275

0,075

0,102

0,143
0,930

0,256

0,193
0,234

0,046 *
1,210

1,137
0,151

1,6 "
1,315

[27]

23,
30,
47,
48,
50,

57,
71,
94,
96,

97,
99,

104

108

no

112

123
131

139

155
179

191
201

223
235

gres
n

(keV)
[Hd]

0
3
2
4
I 51,0

8
I
0
I

9

6

130

199

224
235

22,9

50,2

57,8

107
I I I

123,2
132



-Cr- 053

E
(v

[27]

234

272

292

315

333
347

371

389
404
422
440
454
480
510
519

Comments:

i

n
ftV)

[29]

233
241

274

294
315
317
333

350

373

ra r /r

[27]

0,07

0,18

0,58

0,74

0,60
0,32

0,20

0,09
0,06
0,24
0,11
0,54
0,68
0,19
0,20

OS
or
ES
[27]

GiS

GS

GS

GS

GS
GS
GS
GS

3*

[29]

1/2"
3/2"

[l/2+]
3/2'

1/2"
I/2+

3/2"
[I/2-]
[I/2*J
3/2"

1/2"
[l/2+]
[l/2+]

[l/2+]

r e iyr
'(eV)
[29]

0,409
0,069
0,72 **
0,077

0,748
0,184
0,395
1,324
1,3 **
0,249

0,36 **
0,24 **

0,76 **

E res
n

[27]|[lld] [12 dl

246 246

285 281 285,4

306

330 326 331,1

349 349
364 364

389

408 401
423 418
443 442
461
475
502
533 530
543

The values of J given in square brackets in column 5 are
taken from Refs [ l id ] and [l2d],

* Values of g V r^/rare taken from Ref. [29].

** Values of T Q are taken from Ref. [27].

Radiation strength function

<I\O/D>= CI,6±0,8)-I0'5 [27]
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NATURAL IRON Fe26 - I B - ecT,

Isotopic content

Qn [2d]

(MeV)

54

56

57

58

5,84

91,68

2,17

0,31

13,62

11,21

7,642

10,047

Differential cross-sectionBi

Results from Ref. [4]

2 4 6 8 10 12 U
Neutron Energy (KeV)

*= 12,7 MeV

20 30 40 50 60
Neuton Energy (KeV)

6 = 135°.
Resolution - 15 nsec/m

Sample - metal (disc of diameter 7.62 cm, 5 • 1.25 cm)

The arrows indicate peaks for which data are given in the
table.

The uncertainty on the axis of ordinates a 30$.
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26 - F e -

Results from Ref. [27]

Excitation Energy (MeV)
11.307 11.4W 11.512 11.814 11.717 11.819 111.921 12.023 12.12S 12.228

Ju

- 0 . 4

I
100 200 300 500 600 700

Neutron Energy (keV)
800 900 1000

Ey*x= 12,7 MeV

6 = 135°.

Resolution - 1.1 nsec/m

Sample - metal. Weight of iron-56 - 416 g

The insert gives cross-sections averaged for a right-angled
smoothing function of width 40 keV.

Control measurements at E0181 » 11.45 MeV Bhow that the main
part of the observed structure'is due to transitions to the ground
state of the residual 55Fe nucleus.

The arrows indicate the position of isobar-analogues of low-
lying levels of manganese-56. Values of Jw and of excitation
energy for these low-lying levels are given alongside the arrows.
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26 - F e - eci.

Resonance parameters

1,05

1,25

1,65

1,92

2,20

2,95

3,40

4,00

5,35

8,80

9,80*

10,65

11,30

14,70

21,0

415 0,80

560' 1,93

73

96

27,0

31,0

* According t o l a t e r work (Ref. [27] ) , EL&1° - 9.63 keV and
r » r = 160 ev.

Comments:

(1) It i s assumed that the strong levels at % =1.92 and 9.80 keV
correspond to iron-56f and this is supported by a comparison of the
measurements with
and r y o - 2 /3 (gr

« 12.7 and 11.6 MeV. In this case J7

r o)
(2) The remaining peaks may be associated either with iron-57 levels or

with p-resonances of iron-56.



IRCW-56 26 - Fe- 056

Level schemes [7d]

5/27 7/2
5/27 7/2"

5/2"

1/2"
3/2"

1408,4
1316,4

931,2

411,4

0
55pe

El Ml

0+

56 Fe

(91,68%)

12,618

12,526

12,141

11,621

11,210

Differential cross-sectiona

See data obtained for natural mixture of isotopes,

Radiation strength function

<r, . / i )> = 3,5-iar5
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26 - Fe- .056

Resonance parameters [27] (See also data for natural mixture of isotopes)

wlab

n
(keV)

83,1
97,6

105
124
132
138
164
189
195
218
228
267
274
307
316
338
347
374
388
430
450
488
502
543
576
594
627
705

r r /r
' (eV)

0,30
0,47
0,30
0,22
0,23
0,29
0,74
0,73
0,80
1,27
0,31
0,91
1,84
0,47
0,29
1,20
1,13
2,15
1,64
1,04
0,95
1,19
1,03
0,97
0,34
1,89
2,30
0,37

GS
or
ES

GS
GS

GS
GS
GS
GS
GS
GS
GS

es
GS
GS

GS
GS
GS

cs
GS
GS
GS
GS
GS

GS
GS



Level scheme [8d]

4+ 2085,05

2+ 846,75

0+ 0
56 Fe

- 31 -

IRON-57

El

1/2", 3/2"

, 3/2+

MI

1/2"
57 Fe
(2,17%)

26 - Fe - 05?

9,727

8,489

7,642

Differential cross-sections [27» 28]

Excitation Energy(MeV)
7.S93 7.74S 7.796

1M 15*
Neutron Energy (keV)

E™'= 11 ,5 MeV

7.147

200
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26 - Fe - 057

& => 135°
Resolution - 1.1 nsec/m
The arrows indicate resonances with J11 = l/2 found in studies on

the 56pe(n,n)5%e reaction [5 ] .
Sample - Fe2O-j. Isotopic composition: -^Pe;-3 Fe:5 Pe:5 Pe

= 0.20:9.25:90.42:0.13. Weight of iron-57 - 43.3 g

Excitation Energy(MeV)
7.M9 8.051 1.154 8.256 8358 8.460 8562

I l l ' l t i l ! I I 1 1 1
400 500 COO 700

Neatroa Energy (keV)
too S90

The continuous line in the insert gives cross-sections averaged
for a right-angled smoothing function of width 40 keV.

The dotted line gives cross-sections of the Pe(n,n) reaction.
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26 -Fe - 057

Photoneutron yield [29» 34]

E - Ee
th 0.81 MeV

- 90°

8.45 MeV)

Sample - 39.7 g of Pe
2°-i» Iron-57 enrichment - 90.4$.

No account was taken of variations in the sensitivity of the
detector with neutron energy or of the energy dependence of the
gamma-radiation flux.

Values of ET (keV) are indicated alongside the resonances.

Flight path lengths - 9 m» T = 6 nsec.

E - E
6

th 1.06 MeV (ET** = 8.6 MeV).

See subscript to Pig. (a).
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26 -Fe - 057

Resonance parameters

0*2-1
i - [27]

cs
or
ES
[27] [29]

r rrn/r
(eV)

[29]
1*1
[27] [27]

ML

26,0
52,3

38,7

51,8

56,2

61,5

68,2

69,1

91,6

97,7

106

119

124

135

148

156

162

171

179

192

212

223

232

26

32

56

70

92

98

118

125

156

163

167

181

212

216

224

235

,7

»-'

,9

,2

,6

,7

,4

,1

0,084
0,11

0,055

0,080

0,12

0,067

0,10

0,12

0,069

0,031

0,022

0,094

0,028

0,036

0,027

0,044

0,059

0,072

0,21

0,050

0,36

0,40

0,26

GS

GS

GS

GS

1/2 1/2
1/2"

1/2"

I/2+ I/2+

I/2+

I/2+ I/2+

I/2+ I/2+

I/2+ I/2+

I/2+ I/2+

I/2+ I /2+

1/2"

3/2"

I/2+ 3/2"

0,112
0,180

0,221

0,082

0,045*

0,042

0,119

0,105

0,068

0,066

0,032*

0,423

0,683

0,130

0,364

0,382

0,17

0,24

0,056

0,072

0,12

0,42

0,72

0,52

27,7
34,3

41,0

54,7

59,4

64,9

71,8

72,8

96,3

102,7

I I I

125

130

141

155

163

170

179

187

201

222

233

243

28

74

131

142

164

169

187

220

244

27,7
34,1

59,0

63,1

72,6

95,9

102

112

129
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26 - Fe - 057

(keV)

[27] [29]

(eV)

[27]

CS
or
ES

[27]

3*

[lid]] [29]

ry.rB/r
(eV)

[29]

(eV)

[27]

n
(keV)

[llcGJ [l6d]

245

259

274

299

330

393

*

247

260

270

278

0,072
0,11

0,15

0,32

0,32

0,31

Values of

3/2"

1/2"

0,030*

0,046*

0,090

0,208

0,22

0,64

271

286

312

345

410

273

315

406

Radiation strength function

= (i,i±o,6)-mr5 [27].

Doorway states

A group of strong resonances is observed at energies around
50 keV [28], Since from studies on q. only two S-resonances are
known in this range, values Jw = 3/2+ are assigned to all the
remaining resonances. The origin of this group of levels is related
to the doorway states.

A second group of resonances with J* = l/2 is observed at
energies around 250 keV [28.]. For this group the rank correlation
coefficient for values of r» is Q= 0.20, so that one cannot exclude
the possibility that the group may be attributable to stat is t ical
fluctuations.
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There is an anomalous concentration of the strength of MI-
transitions in three resonances at 224 keV (3/2"), 235 keV (3/2~)
and 606 keV (l/2~), which may..be due to the existence of doorway-
states of type (f5/,2) ()7/2) [34].
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NICKEL-61 28 -Ni- 061

Level scheme [ i d ]

2+ 2159 •

2+ 1332,5

U U ^W777^0K

60Ni
EI

I /2 - , 3/2", 5/2
+ , 3/2+,

W 3/2°
6 I N l

d.19%)

9,982

9,156

7,823 [2«]

Photoneutron yield [29]

600 •

= 8,9 MeV

9 "= 90°.

1500

The values of ET are indicated above the peaks.
n
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Resonance parameters [29]

E
n
(keV) (eV)

11,6
12,6
22,0
51,0
40,4
45,0
48,8
53,9
62,0
81,4
89,0
92,6

102,9
106,0
107,9
114,8
129,5
132,5
141,6
154
159
162
175
179
187
192

1/2+
1/2-
3/2"
3/2"
1/2+
1/2-
3/2-
1/2-
3/2"
3/2"

1/2+
1/2+
1/2-

3/2
1/2-
1/2-
1/2-
1/2+
1/2-
3/2-

1/2+
3/2-
1/2+

0,367
0,040
0,020
0,018
0,018
0,166
0,034
0,092
0,189
0,093
0,014
0,102
0,209
0,419
0,032
0,205
0,256
0,314
0,148
0,166
0,216
0,231
0,067
0,062
0,165
0,557

28 - N l - 061

• The value of rn/ r '



Level scheme [42I

(0+) 1720

1293

I I 6Sn

- 39 -

TIN-117

El

1/2", 3/2

MI

50 -Sn- 117

II7Sn
(7,61%)

8,723

8,296

7,003

i,

Differential croaa-sectiona [42]

2 8

c

7 0 8 0 | 9 0

PHOTON ENERGY (MtV)
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^ = 9.2 MeV.

0 = 130°

Resolution - 3 nsec/m

Uncertainty along the axis of ordinates * 25$.

The vertical lines indicate statistical errors only.

The dotted line represents extrapolation of the giant resonance "tail".



Level scheme [42]

(0+) 2050

(2+) 2040

2+ 1230

0+ 0
118/

- 41 -

TIN-119

El MI

II9Sa
(8,58%)

1/2-, 3/2-

50 -

8,61
8,60

7,79

6,1,6

0

- 119

Differential cross-sections [42]

C
O

E

c

b

2 O -

7 O| \ 8O 9O

PHOTON ENERGY (M«V)

up to 9.2 MeV

a = 130°

Resolution - 3 nsec/m

Uncertainty on axis of ordinates Z 25%

Vertical lines indicate statistical errors only

The dotted line represents extrapolation of the giant resonance "tail"
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NATURAL LEAD 82 - - nat

Isotopic content p and neutron binding energy 0
• n

A

204

206

207

208

P ( % )

[**]

1,37

25,0

21,2

52,4

[27]

1,48

23,6

22,6

52,3

Q i 2 v )

8,38

8,13

6,73

7,38

Differential cross-sections [14]

7.426 7.476

Excitation energy — M«V

7.527 7.577 7.627 7.678 7.728

I 1 I I I I I i i i
50 100 150 200 250

Neutron energy — IceV
300 350

E ^ = 9.0 MeV

* - 135°

The arrows indicate resonances corresponding to lead-207; the
remaining resonances correspond to lead-208.



- 43 -

82 - P & -nat

Differential cross-sections [27]

Excitation Energy (MeV)
7.72S 7.829 7.929 8.030 8.130 8.231 8.3(311

- 2 0

E

412

f II ; i '
It t I I t

4*

• IN HI M IM IMi UN l»«0

Enrr»(keV)

-V - ' : -MUAA
350 450 550 650 750 850 950

Neutron Energy (keV)

E ^ = 10.0 MeV

$ - 135°

Resolution = O.6 nsec/m

Sample - metal
Weight of lead-208 - 127 g

The dotted l ine represents the estimated "background

The arrows indicate resonances corresponding to lead-207;
the remaining resonances correspond to lead-208

The insert gives cross-sections averaged for a right-angled smoothing
function of width 40 keV.
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LEAD-206 82 - - 206

Level scheme Lid-

(5/2"
I3/2+

9/2"

(3/2"
7/2-

3/2"

1/2"
5/2"

) 1043,7
1013,8
987,6
840

) 761
703,3

262,8

2,3
0

205 Pfe

El MI

2 0 6

(25 %)

9,174

9,118
8,970
8,891
8,833

8,393

8,132
8,130

Differential cross-sections [27]

^ 3 2 0

1 2 8 0
E
^240

2200

2160

_120

g 80

•? 40

Excitation Energy (MeV)
S.092 8.112 8.133 8.153 8.173 8.193 8.213

0 2 4 6 8 10 30 50 70 90
Neutron Energy(keV)

56

48

-

-

. , . J

40

32

24

16

8

1 . .

1 1 \ ' 1 ' 1 • 1 ' 1

M

1
J

<

1

i i i i

- /

1 1 1 1
» »« *H ftl Itt

Energy(heV)

1 — i — ' —

• •

i ;

i

i ,

110 130 150
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82 - ?b- 206

E?8* = 10.0 MeV

$ = 135°
Resolution - 1.6 nsec/m

Lso-topic composition of sample: 2O4Pb:2O6Pb:2°7Pb:2O8Pb: = 0.085:88.38
8.57:2.97. Weight of lead-206 - 197 g.

The insert gives the cross-section averaged for a right-angled smoothing
function of width 40 keV.

Resonances related to the isotope lead-207 and the peak corresponding to
the transition to the excited state of the residual nucleus are indicated
by arrows.

Resonance parameters [27]

OteV)

1,5

7,3

10,3

12,9

16,1

28,5
33,7

40,0

50,7

53,6

68,9

72,1

75,1

88,9

g,rrorn/r
(eV)

0,4

3,4

1,1

0,12

0,40

0,54

2,5

0,86

1.3

0,52

1,5

I , *

0,90

4,5

4,9

G-S
or
ES

&S

GS

G-S

ES

GS

GS

GS



Level scheme [id]

t) II00

>+ 803,3

0
206 Pfc

- 4 6 -

LEAD-207 82 - r 0 - 207

El

1/2", 3/2"
+ , 3/2+

1/2-
207

(21,2%)

7,83

7,53

6,73

Differential cross-sections [27, 28]

Excitation Energy (MeV)
6.715 6.835 6885 6.936 6.916

50

Ej""= 8,4 MeV

6 = 135°.

7.036

100 150 200
Neutron Energy (keV)

250 300
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82 - - 207

207
Pb: 208

Pb - 0.02:Isotopic composition of sample: T>b: T>b:
2.16: 92.36: 5.48. Weight of lead-207 - 132 g.

The insert gives cross-sections measured for a right-angled smoothing
function of width 40 keV.

Arrows indicate resonances related to other lead isotopes and the
peak corresponding to the transition to an excited state of the
residual nucleus.

Resolution - 1.1 nsec/m.

I.93C 7.I3S
Excitation Energy (MeV)

M37 7.23S

200 300

7.338 7.439

400 500
Neutron Enerev(keV)

too 700

I?3* =9 .8 MeV

9 = 135°

For isotopic content of sample, see above.

Resolution - 0.7 nsec/m

The arrows without figures indicate 10 resonances with J*

Arrows with figures have the same meaning as in the previous figure,
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82 - P6 - 207

Resonance parameters [27, 28]

TiL5~

(keV) (eV)

cs
or
ES (eV)

3 ,3*

11,2 •

12,1*

14,3

16,2

19,8*

24,9

35,8

40,7

45,1

65,7

76,1

82,6

90,0

92,5

97,0

114

125

133

140

146

159

168

175

196

198

205

0

0

0

0

0

0.

0

0.

5,

I.

I,

I ,

I ,

3,

o,
o,
o,
6,

o,
4,

2,

I ,

o,
o,
I ,

2,

o,

,07

,054

,03

,34

,21

,08

,71

,97

,0

,2

,6

,1

,1

,1

,88

,30

,82

,6

,86

,0

,9

,1

78

78

9

8

63

CS

ES

CS

ES

GS

GS

GS

ES

GS

G S

as

GS

GS

CS

GS

GS

GS

GS

GS

1/2"

3/2-

3/2"

3/2"

I/2+

I/2+j

[I3<J] 0

[I3<3] 0

[134 :

[I3(fl I

[I3d] 3

[14*1 I,

,42

,81

,1

,3

,2

,27

3,4

12,3

16,5

20,1

25,3

36,4

45,8

66,6
77,1

83,8

91,2

93,8

98,3
115

127

135

142

148

161

170

177

198

200

208

16,5

25

35

46

66

85

126

161

198 197

207
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82 -PS - 207

Resonance

CkeV)

a

217

234

242

253

2 76

301

342

350

356

374

391

407

416

426

454

466

488

503

523

533

543

572

parameters [27,

r orn/r
(eV)

0,57

1,9

3,1

2,4

6,3

2,8

4,7

5,1

4,2

0,88

2,9

4,0

4,7

4,1

2,5

4,2

0,94

4,7

3,7

3,4

1,5

8,5

GS
or
ES

GS

ES

GS

GS

GS

GS

GS

ES

GS

28]

3

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

continued

ft r 0
(eV)

+ [l4d] 1,13

*[l4d] 4,74

+ [l4d] 9,42

+ [l4d] 10,26

+ [l4d] 1,75
+ [l4d] 5,76

f[l4d] 9,48

+ [l4d] 1,88

+ [l4d] 2,90

[27]

220

237

256

2 79

305

346

354

360

379

396

412

421

451

459

472

494

509

529

549

578

OceV)

[I3d] [l/|d] [I5d]

219

256

278

348

555

383

396

422

460

473

495

511

550

Data taken from Ref. [ 7 ] ,
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82 - P o - 207

Radiation strength function

= (I3±7)-ICT5 [27],

Doorway states [28]

The rank correlation coefficient Q and momentum correlation coefficient T
were found for ten l/2+ resonances in the neutron energy range 200-550
for the values of r and T° from Ref. [l4d]:r and T

^ = 0,60 and r = +0,44.

On the "basis of this result i t was concluded that there is a 0.964 probability
of a correlation between the values of P and V .

This may be explained by the assumption that there exists a doorway state with
a radiation width of 36.5 eV.



Level scheme [id]

I3/2+ 1633,1

3/2" 894
5/2" 569,7

0
207,

LEAD-208

El 111

www

208 n

(5?.,

82 - Pi- 208

9,01

8,27
7,95
7,38

J 0

Differential cross-sections [27» 28]

Excitation Energy (M(iV)
7 Oft 7176

40

100 150 200 250
Neutron Energy(keV)

7.671

300 350

= 9,8 MeV



82 - P R - 208

0 = 135°.
Resolution - 1.6 nsec/m

Sample - metal

Isotopic composition:

Weight of lead-207 - 117 g

6Ph: 207Pb: 208Pb = 0.05: 0.2: 0.05: 99.75.

The arrows indicate resonances corresponding to transitions to excited states
of the residual nucleus (from control measurements for Emax = 7.8 and 8.1 MeV).

Photoneutron yield [41]

400r

1200 1400 1600 1800
CHANNEL NUMBER

,th\

2OOO 2200

E ^ = 8 . 4 MeV. (E - E t h ) = 1 . 0 2 Me?.
Y ®

$ = 90° (upper figure) and 135° (lower figure).

Sample: lead-208 enrichment 99.1$. Weight 49.3 g.

The figures near the peaks indicate the neutron energies in keV.
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82 - P K - 208

Resonance parameters

lab
En

(keV)

[27]

g»rr.r,,/r
(eV)

[27]

GS
or
ES

[27]

3*

[27] [«]
(eV)

[27] [«]

•pIBB

(fceV)

[27] [r^j

2,9

8,9

9,9

15,9

24,9*

30,2

35,4

37,5

40,8

90,0

98,6

114

129

138

156

166

182

257

299

318

493

547

181

254

297

315

334

422

445

457

484

491

538

0,16

0,62

0,12

0,17

0,40

0,30

0,22

1,8

7,2

2,6

1,9

2,0

5,4

3,6

0,98

0,90

16,0

26,2

4,0

11,0

3,2

12,3

ES

GS

GS

GS

GS

ES

GS

GS

GS

ES

GS

ES

GS

GS

GS

GS

ES

GS

GS :

2+

I +

2+

I "

I +

I +

I "

I +

[~(IH

r+

r

i

2+,I+

2 \ I +

I

I
h) I

0,06

0,23

0,64

4,8

1,6

12,6

17,5

7,7

8,2

9,9

16,4

0,9

10,2

0,7

1,5

2,2

1,6

2,0

12,4

3,0

10,1

16,2

25,3

30,7

38,1

41,4

91,3

115

131

158

168

184

260

321

498

553

T7

29

37

41
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82 -Pi- 208

Resonance parameters (continued)

OceV)

[27] [41]

558 551

602

620 613

659 651

699

737

860 846

907

945

951

996

(eV)

^ [27]

4,6

17,2

8,6

10,0

GS
or

[27]

GS

GS

r
[27] [41]

I

I+ I

I+ I

I

I

I+ I

I

I

I

I

r *
(eV)

[27] [41]

3,3

8,0

14,6 19,7

6,3 11,8

4,4

3,5

7,8 10,1

6,5

2 ,9

3,5

5,8

(keV)

[27]

564

627

666

869

The r values were found in relation to the resonance of the
(y tn;Y reaction at energy 41 keV, for which the magnitude of
was taken equal to 4.8 eV [27] and 4.2 eV [4 l ] ,

20

The data were taken from Ref. [7] ,

Radiation strength function

= (4,0±3,6)-I0-5

Non-resonance process cross-section

mbarn/steradian [14]

Our evaluation of o ^ i s based on the assumption that the observed asymmetry
in the peak at Elab1

 = 4 0 # 7 k e V ( s e e Pig. on page 55 ) is due to interference
of the direct anft resonance mechanisms of the reaction.
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82-P8 - 208

The following parameter values
were obtained for the peak:

r n = 1520 ev,

4 . l 8 < . r Y Q < 6.44 eV

Experimental conditions:

E"1** = 9.0 MeV

3 = 135°

Sample - natural lead

36 38 40 42

NeuiTon energy — IteV

44

Doorway states [28]

In the range of E l a b = 30-860 keV, 7 MI resonances with J* = 1
are found with a "total radiation strength of 5O.8 eV. These
resonances may "be associated with doorway states, of type I p - I h

in a i , , /n neutron shell or a h , , / o proton shell .L13/2
n l l /2
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BISMUTH-209 -Bi83 - D t - 209

Level scheme [id]

(10") 1430
7+ 930

0 mrmrmTm
208 Q.

Dt

El

7/2+ -

7/2" - II/2

MI

9/2

Dl
(100%)

8,86
8,36

*

Differential cross-sections

E r " = 11,0 MeV

Resolution = 15-30 nsec/m
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A N N E X 1

SOME CHARACTERISTICS OP STABLE AND
LONG-LIVED ISOTOPES

Isotope T Abundance

Neutron
binding
enere

Decay of A
nuclei

- 1

I-Hydrogen-2 0,0149 2,2247 stab.

2-Helium-3

2-Helium-4

1/2+

0+

0,000137

99,999863 20,577

2P

stab.

3-Lithiura-6

3-Lithium-7 3/2

7,42

92,58
5,663

7,253
p + He4

stab.

4-Beryllium-9 3/2 100 1,6651 sec

5-Boron-10

5-Boron-ll 3/2

19,61

80,39
8,4352 p + 2°o

11,4560 stab.

6-Carbon-12

$-Carbon-13

0+

1/2"
98,893

1,107
18,7219

4,9464

J3+; 20,74
stab.

7-Nitrogen-14
7-Nitrogen-15 1/2

99,6337

0,3663

10,5536
10,8337

p+', 9,965
stab.

8-Oxygen-l6

8-Oxygen-17

8-0xygen-l8

0+

5/2+

0+

99,759

0,0374

0,2039

15,6694

4,1424

8,0468

f>+; 123 sec
stab,
stab.

9-Fluorine-l9 100 10,4307 B+; 109,87 min
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Isotope

I0-Neon-20

I0-Neon-21

I0-Neon-22

II-Sodiutn-23

I2-Magnesiura-24

I2-Magnesium-25

I2-Magnesiura-26

0+

3/2+

0+

3/2+

0+

5/2+

0+

Abundance

90,92

0,257

8,82

100

78,70

10,13

11,17

Neutron
binding
energy

(MeV)

16,8655 p

6,7612

10,3656

12,4178 J3

16,5305 P*

7,3319

11,0937

Decay of A - 1
nuclei

+; 16,72 sec

stab.

stab.

+ ; 2,58 years

J 12,1 s e c

stab.

stab.

I3-Aluminium-27 5/2+ 100

I4_Silicon-28

I4-Silicon-29

I/f-Silicon-30

0+

1/2+

0+

92,21

4,70

3,09

13,058 / i 7,38-I05 years

17,1774 .3+; ^,33 sec

8,4738 stab.

10,6097 stab.

I5_Phosphorus-31 1/2+ 100 12,3073 fi*i 2,497 mi

I6-Sulphur-32

I6-Sulphur-33

I6-Sulphur-34

I6-Sulphur-36

I7-Chlorine-35

I7-Chlorine-37

I8-Argon-36

I8-Argon-38

I8-Argon-40

0+

3/2+

0+

0+

3/2+

3/2+

0+

0+

0+

95,0

0,76

4,22

0,0136

75,529

24,471

0,337

0,063

99,6

15,088

8,6434

11,4149

9,8920

12,6463

10,3113

15,2528

11,8387

9,871

F\

Q. •

/ + ;

K ;

f>

2,61 e e c

stab.

stab.
86,73 d ayS

1,588 sec+
32,40 min

3,08-I05years

1,804 sec

34,30 days

269 years
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Isotope

I9-Potassium-39
I9-Potassium-40

I9-Potassium-41

20JCalciura-40

20-Calcium-42

20-Calcium-43

20-Calcium-44

20-Calcium-46

20-Calcium-48

2I-Scandium-45

22-Titanium-46

22-^1^ anium-47

22-Titanium-48

2241itanium-49

22-Titanium-5O

2 3-Vanadium-50

2 3-Vanadium-51

24-Chromiui&-50

24-Chromium-52

24-Chromium-53

24—Chromium-54

2 5-Manganese-55

a*

3/2+

4"

3/2+

0+

0+

7/2"

0+

0+

0+

7/2"

0+

5/2"

0+

7/2"

0+

6+

7/2"

0+

0+

3/2"

0+

5/2"

Abundance
( % )

93,1

0,01181

6,88

96,97

0,64

0,145

2,06

0,0033

0,185

100

7,93

7,28

73,94

5,51

5,34

0,24

99,76

4,31

83,76

9,55

2,38

100

Neutron
binding
energy

(MeV)

13,085

7,80053

10,0959

15,634

11,4727

7,9326

11,1363

10,404

9,951

11,321

13,1968

8,8751

11,6281

8,1434

10,9480

9,332! 3

11,0524

12,940

12,0407

7,9405

9,7202

10.224

Decay of A - 1
nuclei

p + ; 7,66 min

stab.

f; 1,27-I09 yean

P+; 0,873 sec

K ; 1,1 -I05 years
stab.

stab.

p"; 161,5 days

f
p + ; 3,92 hours +

2,44 days

f>+; 3,06 hours

stab.

stab.

stab.

stab.

K j 334 days

P> t 6 ' ^ ^ y e a r s

B+; *I|7 rain
K ; 27,8 days

stab.

stab.

K ; 313,5 days
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Isotope

26-Iron-54

26-Iron-56

26-Iron-5T

26-Iron-58

27-Cobalt-59

28-Nickel-58

28-Nickel-6O

28-Mckel-6l

28-Nickel-62

28-^ickel-64

29-Copper-63

29-Copper-65

30-Zinc-64

30-Zino- 66

30-Zino-67

30-Zino-68

30-Zinc-T0

3I-Gallium-69

3I-Gallium-71

32-Germanium-7O

32-Germaniura-72

32-Germanium-73

0+

0+

1/2"
0+

7/2"

0+

0+

3/2"

0+

0+

3/2"

3/2-

0+

0+

5/2"
0+

0+

3/2"

3/2-

0+

0+

9/2"

Abirn dance
( % )

5,84

91,68

2,17

0,31

100

67,88

26,23

1,19

3,66

1,08

69,09

30,91

48,89

27,81

4,11

18,57

0,62

60,4

39,6

20,52

27,43

7,76

Neutron
binding
energy

13,382

11,2027

7,6462

10,0430

10,4602

12,203

11,3883

7,8195

10,5966

9,6596

10,854

9,9047

11,8563

11,052

7,0539

10,1993

9,2152

10,310

9,3038

11,533

10,7493

6,7843

K

K

f

f

f

f

r

K

Decay of A - 1
nuclei

J 8,5 min

J 2,6 years

stab.

stab.

; 71,3 days +
9,2 hours

; 36,5 hours

; 7,5-10^ years

stab.

stab.

; 91,6 years

; 9,76 min

; 12,88 hours

; 38,4 hours

; 245 days

stab.

stab.

; 58,5 min +
13,9 hours

; 67,7 min

; 2I,37min

; 38,8 hours

; 12,5 days

stab.
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Isotope Abundance
( % )

Neutron
binding
energy

(MeV)

Decay of A - 1
nuclei

32-Germanium-74

32-Gennanium-76

33-Arsenic-75

34-Selenium-74

34-Selenium-76

34-Selenium-77

34-Selenium-78

34._Selenium-8O

34-Seleniura-82

35-Bromine-79

35-Bromine-8l

36JCrypton-78

36-Krypton-80

0+

0+

3/2"

0+

0+

1/2"

0+

0+

0+

3/2"

3/2"

0+

0+

36,54

7,76

100

0,87

9,02

7,58

23,52

49,82

9,19

50,537

49,463

0,354

2,27

364Crypton-82 11,56

36-Krypton-83

36-Krypton-84

36-Krypton-86

37-Rubidium-85

37-Rubidium-87

9/2T

0+

0+

5/2"

3/2"

11,55

56,90

17,37

72,15

27,85

10,2009

9,443

10,2426

12,071

11,1613

7,4185

10,4970

9,896

9,272

10,693

10,160

11,981

11,525

10,980

7,467

10,705

9,860

10,478

9,926

; 79min
49 sec

h o u r s

p+; 44 min +
7,1 hours

K ; 120,4 days

stab.

stab.

f; 6,5- I(A years +
3,91 min

6~; 18,6 min +
62 min

p+j 6,5 min

f; 17,55 min +
4,37 hours

jS ; 1,185 hours

p+ ; 34,92 hours +
55 sec

K ; 2,I3-I05years+
13 sec

stab,

s tab.

p7; I0,76years +
4,5 hours

B+; 33 days +

20 min

pT; 18,66 days +
1,02 min
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Isotope Abundance
C % )

Neutron
binding
energy

(UeV)

Decay of A - 1
nuclei

3 8-St ront i um-84

3£-Strontium-86

38-Strontiutnr-87

38-Strontium-88

39-Yttrium-89

0+

0+

9/2+

0+

1/2"

0,56

9,86

7,02

82,56

100

40-Zirconium-90 0+ 51,46

40-Zirconium-91 5/2+ 11,23

^O-Zirconium-92 0+ 17,11

4-0-Zirconium-94 0+ 17,40

40_Zirconium-96 0+ 2,80

4l-#iobium-93 9/2+ I0G

12

I I

8

I I

,013

,485

,4283

,1132

P+

K

ffil

; 32,9 hours

; 63,9 days +
70min

stab.

; 2,80 hours

11,468 p+j 105 days

11,983

7,2026

8,6351

8,191

7,832

8,826

f', 78,4 hours +
4,18 min

stab.

stab.

p ; 9,5-10 years

p."; 65,2 days

K } 10,16 days

42-Molybdenum-92

42-Molybdenum-94

15,84

42-Molybdenum-97

42-Molybdenum-98

42-Molybdemun-lOO

44-Ruthenium—96

H-Ruthenium-98

4/)_Ruthenium-99

44^uthenium-100

44-Ruthenium-101

44-^uthenium-102

0+

5/2+

0+

5/2+

0+

0+

0+

0+

5/2+

0+

5/2+

0+

9,04

15,72

16,53

9,46

23,78

9,63

5,51

1,87

12,72

12,62

17,07

31,61

£2,

9,

7,

9,

6,

8,

8,

10,

10,

7

9

6

9

692

6722

3751

1542

8161

,6424

,301

,694

,250

,468

,6735

,805

,2161

f
K

f

K

; 15,7 min +
64 sec

; 100 y e a r s

stab.

stab.

stab.

stab.

; 67 hours

; 1,65 hours

; 2,88 days

stab.

stab.

s tab.

stab.
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Isotope Abundance
( % )

Neutron
binding
energy

(MeV)

Decay of A - 1
nuclei

Z|4_Ruthenium-104 o+

45_Rhodium-103

46-Palladium-102

46-Palladium-104

46-Palladium-105

46-Palladium-106

46-Paliadium-108

46-Palladium-110

0+

5/2+

0+

18,58

100

0,96

10,97

22,23

27,33

26,71

11,81

47-Silver^lO7

47-Silver-109

48-Cadmium-106

48-Cadmium-108

48-Cadmium-110

48-Cadmium-Ill

48-Cadmium-112

48-Cadmium-113

48-Cadmium-114

48_Cadmium-116

49-Indium-113

49-Indium-115

1/2

1/2-

0+

0+

0+

I/2+

0+

I/2+

0+

0+

9/2+

9/2+

51,35

48,65

1,24

0,871

12,32

12,67

24,15

12,24

28,93

7,61

4,28

95,72

8,912 p"; 39,4 days

9,310 p*; 2I0dayst 2,5 years

10,587

10,020

7,073

9,561

9,225

8,806

9,551

9,188

10,920

10,329

9,879

6,9768

9,397

6,5398

9,041

8,696

9,424

9,029

K ; 8,5 hours

K ; 17 days

stab.

stab.

f; 7-I06 years +
21,3 sec

f; 13,45 hours+
4,69 min

P+J 2'^ min +

8,3 days

P y 2 ' * 2 m i n +

>5 years

p+; 54,7 min

K j 6,7 hours

K ; 470 days

stab.

stab.

stab.

stab.

f; 2,2 days +
43 days

P
±' TT

f
22 min

r; 72 sec +
50 days
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Isotope Abundance
( % )

Neutron
binding
energy

(MeV)

Decay of A - 1
nuclei

50-Tin-112
50-Tin-114
5O-Tin-115
50-Tin-ll6
50-Tin~117
B0-Tin-ll8
5O-Tin-ll9
50-Tin-120
50- Tin-122

50- Tin-124

51- Antiraony-121

51- Antimony-123

52-Tellurium-120

52-Tellurium-122

52-Tellurium-123
52-Tellurium-124
52-Tellurium-125
52-Tellurium-126
52-Tellurium-128

52-Tellurium-13O 0+

0+

0+

1/2+

0+

1/2+

0+

1/2+

0+

0+

0,96
0,66

0,35

14,3

7,61

24,03
8,58

32,85
4,72

5,94

5/2+

7/2+

0+

0+

1/2+

0+

1/2+

0+

0+

57,25

42,75

0,089

2,46

0,89

4,74

7,03

18,72

31,75

53-Iodine-127 5/2+

34,27

100

10,802 K ; 35 min

10,320 K ; II8days+ 27min

7,534 stab.

9,566 s tab.

6,9425 s tab.

9,3273 ffll; 14 days

6,485 s tab .

9,1044 HII; 250 days

8,8047 p~; 28,2hours +
5 years

8,493 f; 40 min 125 days

9,248 P+'r I » 6 2 m i n +
5f8 days

8,9653 f* 2,75 days +
3,3 min

10,286 p+j I5,9hours+
4,5 days

9,79 K j 17 days+
I5̂ f days

6,9299 s tab.

9,4238 Hn; 104 days

6,5849 s tab.

9,1093 ffll; 58 days

8,772 A,"; 9,35hours+
105 days

8,413 6"; 74 min + 41 days

9,139 A*; 13,1 days +
26 hours
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Isotope *

Neutron
binding
energy

(MeV)

Decay of A - 1
nuclei

54-Xenon-124
5/f_Xenon-126

54_Xenon-128

54-Xenon-129

54-Xenon-130

54-Xenon-131

54JCenon-132

54_Xenon-134

54-Xenon-136

55-Caesium-l 33

56-Barium-13O

56-Barium-132

56-Barium-134

56-Barium-135

56-Barium-136

56-Barium-137

56-Barium-138

57-Lanthanum-138
57-JJanthanum-139

58-Cerium-136

58-Cerium-138

58-Cerium-140

58-Cerium-142

0+

0+

0+

I/2+

0+

3/2+

0+

0+

0+

7/2+

0+

0+

0+

3/2+

0+

3/2+

0+

5

7/2+

0+

0+

0+

0+

0,096

0,090

1,919

26,44

4,08

21,18

26,89

10,44

8,87

100

0,101

0,097

2,42

6,59

7,81

11,32

71,66

0,089

99,911

0,193

0,25

88,48

11,07

10,23
10,09

9,614

6,905

9,258

6,6056

8,9361

8,535

7,992

8,979

10,22

9,803

9,464^

6,9752

9,I07[

6,9021

8,6115

7,32

8,7778

10,01

9,57

9,203

7,160

f
K

K

MI

mi

f
i

f
1

K

K

K

rai

HIl

K

K

K

K

K

f

; 7,85 hours

; 17 hours

j 36,41 days

stab.

; 89 days

stab.

; 12 days

J 5,65 days +
2,2 days

J 9,I3hours+
15,8 min

; 6,48 days

; 2,61 hours +
2,10 hours

; 11,52 days

; 7,5years +
38,9 hours

stab.

; 28,7 hours

stab.

j 2,57min

; 6-10^ years

; 1,1-1011 years

j 18 hours

; 9hour +34,4 hours

j 140 days +
60 sec

; 32,5 days
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Isotope

59-Praseodymium-141 5/2+

60-Neodymium-142 0+

60-Neodymium-143 7/2"

60-Neodymium-144 0+

60-Neodyraium-145 7/2"

60-Neodymium-146 0
+

60_Neodymium-148 Q+

60-Neodymium-150 0+

62-Samarium-144 0+

62-Samarium-147 7/2"

62-Samarium-148 0+

62-Samarium-149 7/2"

62-Samarium-15O 0+

62-Samarium-152 0+

62-Samarium-154 0+

63-Europium-151 5/2+

63-Europium-153 5/2+

64-Gadolinium-152 0+

64-Gadolinium-l54 0+

64-Gadolinium-155 3/2"

64-Gadolinium-156 0+

64-Gadolinium-157 3/2"

64-Gadolinium-l58 0+

64-Gadolinium-l60 0+

Abundance

IU0

27,11

12,17

23,85

8,30

17,2

5,73

5,62

3,09

14,97

11,24

13,83

7,44

26,72

22,71

47,82

52,18

0,205

2,23

15,1

20,6

15,7

24,50

21,6

Neutron
binding
energy

(MeV)

9,397

9,813

6,1255

7,8174

5,7604

7,5654

7,3241

7,357

10,554

6,373

8,1407

5,8731

7,9861

8,2668

7,978

7,982

8,555

8,597

8,657

6,446

8,5312

6,3682

7,9307

7,453

Decay of A - 1
nuclei

p+ ; 3,4 min

K ; 2,42 hours +
63,9 sec

stab.

stab.

oc; 2,4-ID15 years

stab.

p"j 11,06 days

p ; 18 hours

p> ; 8,6 min

od ; 5-I07 yea r s

c6; I.05-I010 years

stab.

ex,; 4-I0I/f years

ft"; 93 years

p ? ^ hours

K ; 14 hours

ff; I2,7years +
9,1 hours

K j 120 days

K j 200 days

stab.

s tab.

stab.

stab.

A"; 18 hours
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Isotope

65-Terbium-159

66_Dysprosium-156

66-I>ysprosi-uin-15£
66- Dyspros ium-160
66_Dysprosium-l61
66_I)ysprosium-l 62

66-Dysprosium-l 63

66- Dysprosium-164

67-Holmium-l65

68-Erbium-162

68-Erbium-l64

68- Erbium-166

68- Erbium-167
68- Erbium-168
68- Erbium-170

69- Thulium-169

70- Ytterbium-168

70- Ytterbittm-170

70- Ttterbium-171
70- Ytterbium-172

70-Ytterbium-173
70-Ytterbium-174

70-Ytterbium-17 6

3/2+

0+

0+

0+

5/2+

0+

5/2"

0+

7/2"

0+

0+

0+

7/2+

0+

0+

I/2+

0+

0+

1/2-
0+

5/2"
0+

0+

Abundance
( % )

100

0,0524

0,0902

2,294

18,9
25,53

24,97

28,18

100

0,136

1,56

33,41

22,94

27,07

14,88

100

0,135
3,14

14,40

21,90

16,2

31,6

12,60

Neutron
binding
energy

(MeV)

8,136

9,442

9,061

8,582

6,4511

8,1949
6,2717

7,6547

7,989

9,21

8,856

8,474

6,4363

7,7714

7,2631

8,06

9,055
8,469

6,6172

8,0239

6,3677

7.4691

Decay of A - 1
nuclei

K ; 1200 years

p+. JO hours

K ; 8,2 hours

K ; 144,4 days

stab.

stab.

stab.

stab.

p-; 26 min

K ; 3 hours

K ; 75 min

K ; 10,5 h o u r s
stab.
stab.

p"; 9,6 days

K ; 85 days

K ; 17,7 min

K ; 30,6 days
stab.

stab.
stab.
stab.

6,876 a"; 4,2 days
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Isotope

7I-Lutetium-175

71-Lutetium-176

72-Hafnium-174

72-Hafnium-176

72-Hafnium-177

72-Hafnium-178

72-Hafniuro-179

72-Hafnium-l80

73-Tantaleum-l8O

73-Tantaleum-l8l

74-Tungst en-180

74-Tungst en-182

74-5>ungsten-l83

74-Tungst en-184

74-9?ungst en-186

75-Rhenium-l85

75-Rhenium-l87

76-0smium-l86

76_0smium-l87

76-Osmium-l88

76-Osmium-l89

76-Osmium-l9O

76-Osmium-l92

3*

7/2+

T

0+

0+

7/2"

0+

9/2+

0+

8

7/2+

0+

0+

1/2"
0+

0+

5/2+

5/2+

0+

1/2"

0+

3/2"

0+

0+

Abundance
( % )

97,41

2,59

0,18

5,20

18,50

27,14

13,75

35,24

0,0117

99,9883

0,135

26,41

14,40

30,64

28,41

37,07

62,93

1,59

1,64

13,3

16,1

26,4

41,0

Neutron
binding
energy

(MeV)

7,659

6,2932

8,59

8,089

6,3808

7,6261

6,0995

7,3876

6,580

7,644

8,49

8,054

6,1914

7,4111

7,202

7,79

7,3714

8,2705

6,297

7,989

5,9233

7,7931

7,559

Decay of A - 1
nuclei

K ', 140 + 1300 days

stab.

K ; 24 hours

K ; 70 days

stab.

stab.

stab.

stab.

K ; 600 days

K ; I,7-I0 I3years
8,15 hours

K ; 120 days

stab.

stab.

f; 75,8. days

K } 38 + 165 days

e"j 88,9 hours

K ; 93,6 days

stab.

HII; 39 hours

stab.

stab.

A"; 14,6 days+
14 hours



- 69 -

Isotope Abundance
( % )

Neutron
binding
energy
(MeVJ

Decay of A - 1
nuclei

77-Iridium-l9l

77-Iridium-193

78-Platinum-l9O

78-Platinum-192
78-P1 at inum-194

78-Platinum-195
78-Platinum-l96
78-Platinum-l98

79-Gold-197

804Jercury-196
80-Mercury-198

8O-Mercury-199
80-Mercury-2OO
80_Mercury-201

80-Mercuiy-202
80-Mercury-204

8I-Thallium-2O3
8I-Thallitiin-2O5

82-Lead-204

82-Lead-206
82-Lead-2O7
82-Lead-2O8

3/2+

3/2+

0+

0+

0+

1/2"
0+

0+

3/2+

0+

0+

1/2"
0+

3/2"

0+

0+

I/2+

I/2+

0+

0+

1/2-
0+

37,3

62,7

0,0127

0,78

32,9

33,8

25,3
7,21

100

0,14

10,02

16,84

23,13

13,22

29,80

6,85

29,50

70,50

1,37

25,0

21,2

52,4

8,12

7,772

8,81

8,656

8,367

6,124

7,9209

7,563

8,08

8,75
8,30

6,6488

8,0287

6,2254

7,7566
7,491

7,72

7,5414

8,401

8,081

6,7409

7,3682

K;

f

K

K

K

f
1

K

K

K

f

K

P"

K

K

; 12,3 days +
3,2 hours

"; 74,4 days +
1,45 min

; 10,5 hours

; 3 days

; 500 years

sta"b.

stab.

"; 18 hours*
80 min

; 6,15 days

; 9,5 + 40 hours

; 65+24 hours

stab.

stab.

stab.

stab.

' ; 46,9 hours

j 12 days

"; 3,78 years

; 52,1 hours

j 2,4-I07 years

stab.

stab.
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Isotope Abundance

Neutron
binding
energy

(MeV)

Decay of A - 1
nuclei

83-Bismuth-2O9 9/2" 100 7,453 K ; 3-I04 years

80-Thorium-232 0+ 100 6,434 f'y 25,64 hours

92-Uranium-234

92-Uranium-235

92-Uranium-238

0+

7/2"

0+

0,0056

0,7205

99,2739

6,8408 oc ; 16,2-I0 4 y e a r s

5,306 o c ; 2 .5 - I0 5 y e a r s

6,1436 f; 6,75 days



A N N E X 2

BIBLIOGRAPHIC INDEX OF WORK ON PHOTONEUTRON REACTIONS NEAR THE THRESHOLD

Comment*

T 0 F : S O P I ; I 1 3 5
n r, -1 . e r v ;

M M .

hE

eE
BE
b
r
F

F
KG

MG

MG

MG

MG

KG

MG

XC

MG

MG

MG
MS
MG
MG
MG
MG

MG
MG

MG

MG

MG

MG

MG

MG

u r.

SI
SI
SI
SI
SI
SI
SI
S I

f-
F
S
AP

CA
CP
CR
CR
CR
CP
CR
CR
CR
CR
CR

clew

0C4

PC 9

0C«

Cl 0

01?
019

0 19

024

0 2 4
P24

02'

024

025

02'
r\ -i *.

« «. *

0 25

025

025

025

025

025
025

025

025

025

026

026

026

02*
026

C26

0 56

028

029

029

029

02«

029

02?

029

C31

031

032

040

040

052
052

052

052
012

053

052

052

052
052

i Quantity

r- N - N c-
("• N c I r s i c

P E S F A P All

r. N r I F s i c
G N D I F t I G
<"• N r I F s i G
P E S P A R A M

G r, p I F S I G
r-» 3 I F S [ G

R E S P A R A H

R E S P A R A 1;

» N » L G S T S

<"- N O I F S I G

<"• N O I F 5 I G

C N 0 ! F 5 i G

<"• N D I F 5 I G
" E S P i R Sfi

R E S P A R an
R E S P A P A M

G N ^o^, R E S N

A N A L G S T S

A N A |_ G S T S

A N A L G S T S

A N A L G S T S

A N A L G S T S

6 N O I F S I G

G H P i F' s I G

G H P t r s I G

R E S P A R A M
R E S P A R C H

S T R N G F N C GO
^ T R M r r x^r Q «

G N D I F S I G

G'J v I E L B

G N V I E L C

G N V I E L 0

D 0 0 R *' A V S T S

0 O O R W A V S T S

G K n o r. f. E s N
A N A L G S T r-

G N C I F E I G

R E S P A R A n

G N p I F S I G

G N P I T S I G

G N p I F S I G

G N D I F S I G

G N D t f S I G

" E S F A R A M

R E S F A R A M

S T R N G F N r. G O

S T R N G F U C GO

A N A L G S T S

* N ' L G S T S

*HA|.G S T S

A N A L G S T S

Type
of

data

GRPH

GP PH

TPL
GP PH

GRPH

GRPH

TBL
GR FH
GRPH

NOG

TBL
TEXT

GRPH

GRPH

GRPH

Gf PH

T E X T

TPL
TPL
NPG
r»pG

T E X T

T E X T

T E X T

T E X T

Sf PH

GPPH

GRPH

NDG
TBL
T?L
T;L
G R P H

NDG
G R P H

G f i P H

T E X T

T E X T

T E X T

T E X T

G R P H

TBL
G R P H

G R P H

G R P H

G R P H

G P P H

TBL
TBL
TBL
TBL
NOG
NPG
NDG
T E X T

EPRIM

min

2 2 * 7

3 5 * 6

3 : * 6

1 0 * '

1 1 * 7
1 1 * 7

1 2 * 7

1 6 * 7

2 0 - 7

?C* 7

8 3 * 6

1 1 * 7

i i • 7

1 1 * 7

1 1 * 7

8 3 » 6

6 3 * 6

1 1 * 7

1 1 * 7

1 1 * 7

1 1 * 7

1 3 * 7

1 3 * 7

1 3 * 7

1 8 * 7

10.7

14.7

14.7

17.7

13*7

17*7
14*7

14.7

1 2 - '
12.7

14.7

max
31*

1 •)-

11*

11*

u*

13*

14*

14.

7

7

7

7
7

7

7

7

ESEC

min

L 0

1
1

1 r

1C

2C

10

1 0

1 0

22

lc
3C
25
25

30

41

41

30

4f

*5

•3

• 3

* 4

* 4

• 4

• 4

• 4

* 4

• 4

• 4

* 4

• 4

* 4

. 4

• 4

»4

*5

44.5

1 0

10

1 0

54

10

10

3

1C

10

1 C

4

10

60

60

6fi

68

60

* 4

• 4

* 4

• 4

. 4

* 4

•5

* 4

•5
• 4

• 5

* 4

• /.

* 4

• 4

• 4

•5

max

!?•(
4 r • 4

4 0 * 4

9 1 * 5

l n.f

60*5

22*11
20*6

20.6

1 4.6

20*6

20*6

20*«

20*6

12*6

If *6

20*6

12*6

15*6

15.6

15*6

11*6

7 0*5

14*6

13*6

13*6

94*5

1 0 . f.

2 1't-

H * f

1 0 * 6

1 n*6

}9*5

3 9 * 5

10*6

NT

EA
Ej

Ej

ED
ED
Ej

E J

ED
E J

EA
Ej

to
ED
Ej

c D

EJ
EJ

ED
E J

El
EA
EJ
ED
EJ
Ej

ED
EJ
E J

EA
E J

It,
c J

to
EA
EA
EJ
EA
EJ

EA

E A

ED
Ej

ED
Ej

ED
ED
E J

t D

E J
ED
tJ

t A

ED
EA
EJ

LAB Author®

L«U
L«L
LRL
L^L
LRL
L»L
L^L
L h L

LRL

LRL

LRL

L«L

L«L

LRL

L«L
L&L
LRL
LRL
L«L
LRL
L«L
LRL
L«L
LRL
ILL
LhL
LRL

LkL

L H
L i < L

LRL

L"L
LRL

ANL

A N L

ANL

AH
ANL

ANL

J"L

L»L
Lhl

L*L
OTC

L«L
L«L
t*b

L«L

L*L
LKL

L«l

L«L
LRL
LRL
L«L

S E R M t N .

3 E R M A N 1 .

i E R M A N .

V A N H E M E * T

V A N H E M E R T

B A G L A M *

B A G L A N *

V A N H E M E R T
3 A G L A " .

5 0 H M A N .

i A C, L A N .

V J h H E M E S T

V A N H E M E B T

B E R M A N *

5 A G L A N

6 A G L A N *
5 E R M A N .

3 A G L A N

9 A G L A N .

5 Q W M A N »

B O W M A N .

5 E R H A N .

;HL»N
SAGLAN.
B E R M A N .

V A N H E M E R T

B E R M A " .

3AGLAN,

30KHAN.

B A G 1. A N •

S A S L f l N *

5 A r, L A N .

V A N H E M E R T

J A C K S O N .

J A C K S O N *

J A C K S O N .

J A C K S O N .

J A C K S O N *

J A C K S O N -

J A C K S O N *

V A N H E M E R T

B & G I . A N .

V A N H E M E R T

L O K A N *

V A N H E M E " T

B A G l A N

B A G l A N .

S A G L A N

B A G L A N *

B & S L A N

B A G L A N .

BOWMAN.

BAGl.AN

S A G L A N .

S A G L A N .

Source

W I S H

PR 1

1 1 3 6 a 7

63 « 5 H

PR 16 3 9 5 S

I.1 L S L

L ' C R L

P R 3

P R 3

U C S L

P R 3

I - A S H

P R 3

U C R L

L ' C R L

P R L

U C R L

PR J

PRL

U C R L
PR 3

tVASH

f'ASH

PR L

I!C»L

PR 3

PR 6

U C R L

PPL
PR 3

H A S H

PR 3

5 5 1 S 1

5 0 5 C 1
C6 72

C6 72

50 50 1

C6 72

112 7 96

C672

50 50 1.

50 50 1

24 3 19

5 0 9 0 2

C 6 7 2

24 319

5 0 9 0 2

C6 72

1127 96

1127 96

24 319

5090?

C672

C2295

50501

23 386

C6 72

1127 96

C672

f:csac 3 3 1 0 6

PR 3

U C R L
N C S A

C o 7 2

5 0 5 0 1

C 42 24

L1 S N D C 1 13

PR L ?9 3 79

U S N D C 1 13

PRL 29 379

U S N Q C I 13

N C S A

L'CRL

TR 3

U C R L

PRL

U C R L

U C R L
PR 3

U C R L
PR 3

U C » L

PR 3

H A S H

U C R L
N C S A

PR 3

C 42 24

50501

C672

50 501

28 1521

50501

50902

C672

5090 2

C672

50902

C672

1127 96

50 9D 2

C 33 106

C672

I CS

969

lift 7

>J6 7

9*5

9*8

27;
2 7 ;

965

271

469

271

966

96B

2'0

8 70

2 7 1

270

8 7 0

271

469

469

270

87C

??1
D72

9 6 6

869

2'1
469

271

07C

2 ' i
965

N?l

572

872

572

872

572

N71

96!

27!
966

672

966

870

27;

»7n

271

87;

271

469

I'J

370

271

T O F ; s c ^ ; c ; •>. •> r. s / v , , : 3 ? - ; r ;

T 0 F I S C U 5 G G : 2 , 3 t' S / M , 1 i - L

T O F : 1 3 ; O E G ; y i c T ;

T O F ; S C L ' 5 G G : 1 . 6 r s / u ; 1 3 5 D E G ;

T O F ; 1 3 5 D E G ; F O R A S T K O P H Y S P R O B L E M S ;

T O F ; S C U S G G ; 2 . 3 N S / « ; ; 3 5 D E C ;

T O F ; S C . H I N N ) ; 9 0 D E C ;

i v S T A T E N E A P 7 5 0 K E V ;

T O F ; S C * H ( N N ) : 9 0 D E G i T A T G T ;

T O F ; S C U 5 G G ; 1 , 1 ^ . l S / M ; 1 3 5 o t c

S : C - 0 ) = ( 1 . 6 » - 0 , 0 ) 5 - 5 ;



Nucleus Quantity
Type E PRIM

of
E SEC

data mte max min max
NT LAB Authors) Source

CR
CR
CR
CR
CR
CR
CR
CR
CR
CP
CR
CR
CR
CR
CR
C R
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
M

053
053
053
053
053
053
053
053
053
053
053
053
053
053
053
0 5 3

056
05«
056
056
05*
056
056
05*
056
C56
056
057
05 7
05?
0*7
057
057
057
057
057
057
057
057
057
057
057
057
057
057
057
057
057
057
0 4 1
061

PN

GN
GN
P N
GN
GN
R E S
P E S
R E S
R E S
R E S

VIELC
I E L O
IF S I G
IF S I G
IF S I G
IF S I G
P A R A M
P A R A M
P A R A M
P A K A M
P A R A M

S T R N G F N C G
S T R N G F N C G

D O O R W A V S T S
D O O R W A Y S T S
D O O R W A Y S T S
G N y I E L D
G N 0 I F S

D l F
D l F
D l F
D l F
D l F

PN
RN
GN
RN
GN
R E S P A R A M

R E S P A R A M
S T ^ M C F M C G O

A N A L G S T S
A N A L G S T S
A N A L G S T S
A N * L G S T S
PN V
GN y
PN y
GN
GN
GN

E L D
E L D
E L D
E L D
F S I G
F S I G

R N D I F S I G
R E S P A R A M
R E S

GO

P E S P A R A M
P E S PARAM.
ST R N G F N C G o
S T » N G F N C G O
S T R N G F N C
D O O R W A Y 5 T s

D O O R W A Y S T S
n o o R w A y S T S
P C O R ^ A V S T S
D O O R W A Y S T S
D o O R W A y S T S
P N ,M 0 N R E S N
P N y I E L C
R E S P A R A M

G R P H
G R P H
G R P H
G R P H
G R P H
G R P H
N D G
T B L
T B L
T B L
T B L
T B L
T B L
T E X T
T E X T
T E X T
G R P H
G R P H
G R P H
N D G
G R P H
G R P H
G R P H
T E L
T P L
T ? L
Tf L
N D G
N D G
T F X T

T F X T
G R P H
G P P H
G R P H
G R P H
G R P H
G R P H
G P P H
N D G
T B L
T B L
T B L
T ? L
T S L
T E L
T B L
N D G
T f X T
T E X T
T E X T
T E X T
T E X T
TEXT
GRPH
TPL

91*6

1 2 - 7
12*7
12*7

92*6

92*6

12*7
12*7
12*7
13 + ?
13*7

13*7

13*7
12*7
11*7
11*7

2 0 * 4
2 1 * 4
20 + 4
2 0 + 4
2 0 * *
20*4

12 + 7 21*6.
21*4

12*7 21+4
46*4

20 + 4
50 + 4
2 C + 4
1 +3
1 +3
1 +3

6 0 + 4
5 0 + 4
60 + 4

1 3 + 7 1 9 + 3
1 3 + 7 A 3 + 4
13 + 7 83 + i,

13*7
85*6
87*6
85*6
87*6
12*7
12*7
12*7

86*6
&6*i

12 + 7
1 2 + 7

8 9 + 6

30 + 5
30 + 5
25 + 4
2C + 5
32 + 4
20 + 5
20 + 4
2 0 * 4
2 0 + 4

1 2 + 7 2 6 + 4
1 2 + 7 2 6 + 4

2 7 + 4
26 + 4

60 + t
20*4

11 + 4
11+4

52*5 EA
52+5 EJ
20*5 EA
16+6 ED
16*6 EJ
16 + 6. E J

EA
52*5 ED.
37+5 EA
55+5 EJ
37+5 EJ

ED
EA

20+5 EA
60+5 EJ
16+6 EJ
10+4 EC
12*4 EJ
7 0 + 4' EJ

EA
10+6 ED
10*6
10*6

EA
EJ

98+? EJ
7 1+5 ED
71+5 EJ

ED
EA
ED

75+5 EA
75+5 EJ
61+5 EJ
80+5 EA
61+5 EJ
80+5 EJ
16+6 ED
16 + 6 F. J
16+6 EJ

EA

39+5 ED
39+5 EJ
28+5 EJ
63+5 EA

ED
EA
EJ
ED
EA

60+5 EJ
16+6 EJ

EA
EJ

2 8 + 4 ED
25+5 EJ
19+5 EJ

ANL
ANL
LRL
LRL
LRL
LRL
LRL

LRL

LRL
LRL
FE I

GA
LRL

L R L
L R L
L R L

LRL
L«L
LRL

ANL
ANL
LRL
LRL
LRL

LRL
ANL
ANL

LRL
LRL
LRL
LRL
L»L
ANL
ANL
LRL
ANL
ANL

J A C K S O N
J A C K S O N *
B A G L A N +
B A G L A N
B A G L A N *
B A G L A N +
B O W M A N *
B A G L A N
J A C K S O N
S A G l A N *
J A C K S O N *
B A G L A N
B A G L A N +
6 A G L A N +
B A G L A N +
5 A G L A N +
A B R A M O V *

S E R M A M +
B O W M A N *
SUND +
SA GLAN*
B A G L A N
5 A G L A N +
e 0WMAN +
SAGl. AN
BAGI.AN +
6 A G L A N
B 0WMAN +
B A G L A N
B A G L A N +
B A G 1. A N •
J A C K S O N *
J A C K S O N *
J A C K S O N *
J A C K S O N *
B A G L A N
B A G (. A N •
6 A G L A N +
BOWMAN*
5 A G I. A N
B A G L. A N •
J A C K S O N *
J A C K S O N *
6 A G L A N
5 A G I. A N •
B A G L A N *
B A G l A N *
B A G 1. A N •
6 A G I. A N •
6 A SI. A N *
J A C K S O N *
J A C K S O N *
5 A G L A N
J A C K S O N *
J A C K S O N *

N C S A C 3 3 9
PR 4 C 1 3 1 4
N C S A C 3 1 1 0 0
U C R L 5 0 9 0 2
PR 3 C 6 7 2
TR 3 C 2 4 7 5
W A S H 1 1 2 7 9 6
U C R L 5 0 9 0 2
N C S A C 3 3 9
TR 3 C 6 7 2
TR 4 C 1 3 1 4
U C R L 5 0 9 0 2
N C S A C 3 3 1 0 6
f.' C S A C 3 1 I O C
PR 3 C 6 7 2
PR 3 C 2 4 7 5
71 K I E V
P R L 1 7 7 6 1
p R 16 3 9 5 1
N C S A C 3 1 6 8
UCPil 5 0 9 0 2
N C S A C 3 3 1 0 6
PR 3 C 6 7 2
PR 1 6 3 9 5 1
U C R L 5 0 9 0 ?
PR 3 C 6 7 2
U C R L 5 0 9 0 2
H A S H 1 1 2 7 96
U C R L 5 0 9 0 2
N C S A C 3 3 1 0 6
PR 3 C 6 7 2
PR 4 C 1 3 1 4
N C S A C 4 2 2 3
P R L 2 7 1 6 5 4
P R L 2 7 1 6 5 4
U C R L 5 0 9 0 2
PR 3 C 6 7 2
PR 3 C 2 4 7 5
W A S H 1 1 2 7 9 6
U C R L 5 0 9 0 2
PR 3 C 6 7 2
PR 4 C 1 3 1 4
M C S A C 4 2 23
U C R L 5 0 9 0 2
N C S A C 3 3 1 0 6
PR 3 C 6 7 2
U C R L 5 0 9 C 2
N C S A C 3 3 1 0 6
PR 3 C 6 7 2
PR 3 C 2 4 7 5
N C S A C 4 2 2 3
P R L 2 7 1 6 5 4
U C R L 5 0 9 0 2
PR 4 C 1 3 1 4
PR 4 C 1 3 1 4

Year

D70
071
570
870
271
671
469
870
D70
271
071

fl7C
D70
57C
271
671
571
066
N6 7
570
870
070
271
N67
870
271
873
469
870
D70
271
071
N71
D71
D71
870
271
671
469
870
271
071
N71
87C
D7C
271
8'0
D'C
271
67J
N U

on
870
071
0 71

Comment*

T O F i L I G L A S S ; l N S / M J 1 3 5 D £ G i

T O F ; S C U 5 G G ; 1 . 1 N S / M ; 1 3 5 D E G ;
T O F ; s o u s G G ; 1 3 5 D E G ;

T O F
T O F
T O F

S C + & 1 0
S C + B 1 0
S C + P 1 0

3 0 N S / M ; 7 5 D E G ; A L T G T

1 5 - 3 0 N S / M ; 1 3 5 D E G ;
1 5 N S / M i 1 3 5 D E G ; A L T G T

T O F ; S C U 5 G G ; I . I N S / M ; 1 3 5 D E C - ;

PO

I

T O F ; L I G L A S S ; 1 N S / M ; 1 3 5 D E G ;

T C F ; L I T , L A S S ; 90 C E G ;

T O F ; S C H I N N ) ; 90 C E G ;

T O F > - S C U 5 G G J 1 . 1 M S /HI 1 3 5 O E G I
T O F i

N O S T R O N G C O R R E L A T I O N

T S N E A R 50 A N D 2 5 0

I N T E R M E D S T R U C T I N P - W A V E R E S O N A N C E S :

T C F ; L I G L A S S ; 1 N s / M ; 90 D E G ;



Nucleui Quantity
Type

of
data

EPRIM E SEC
NT LAB Authoi(i) Source

min max min max

Year Comments

ZR 091
SN 11?
SN 11»
SN 119
PB
PB
PB
PB
P6 206
PB 206
PB 206
PB 206
PB 206
PB 206
PB 206
PB 206
PB 20?
P6 207
PB 2C7
PB 20 7
PB 2C 7
PB 207
PB 207
PB 207
PB 207
PB 2C7
PB 2C7
PB 207
PB 20?
PB 207
PB 207
PB 207
PB 207
PB 2C7
PB 207
PB 207
PB 207
PB 207
PB 208
PB 207
PB 208
PB 208
PB 208
PB 208
PB 208
PB 208
PB 208
PB 208
PB 208
PB 208
PB 208
PB 208
PB 208
PB 208
PB 208

GN
GN
GN
B N
<"' N
G N
GN
GN
G N
GN
G N

RES

R E S

R E S
R E S
"ES
G N

y l E L O
D I f" S I G
Y I E L D
D I r S I G
v I E L D
V I E L D
o l f S I G
D l F S I G
V I E L 0
D I F S I G
D I F S I G
P A R A M

P A R A M
P A R A M
P A R A M
P A & A M

V I E L B
0

GN 0 IF SIG
GN OIF SIG
GN 0 I F SIG
GN D I F SIG
G N DIF SIG
G N CIF SIG
RES PARAM
"ES PARAM
" E S P A R A H
RE S PARAM

FNC G O

N FNC Go
GN N O N R E S N
GN NON R E S N
D O O R W A V S T S
DOO R W A V S T S
DO O R W A Y S T S
D S O R ^ i V S T S
D O O R W A V S T S
DOO R W A V S T S
OH vI E L D
GN v l E L D
GN V 1 E L D
G N v I E L O
GN y l E L D
GN & N G 0 I S T R
GN D l F S 10
GN o I F S I G
GN o I F S I G
GN D I F S I G
GN D I F S I G
GN D IF S I G
GN c I F S I G
R E S P A R A M
R E S P A R A M
R E S P A R A M

" E S PARAM

NDG
G R P H
NDG
GRPH
G R P H
GRPH
GRPH
GRPH
GPPH
GRPH
G R P H
NDG
TBL
NDG
TBL
TBL
GRPH
G R P H
GRPH
GRPH
GPPH
GR PH
GRPH
GRPH
TBL
NDG
TBL
TBL
TBL
TBL
TEXT
NDG
TEXT
TEXT
TEXT
TEXT
TEXT
TEXT
GRPH
GRPH
GRPH
GRPH
GRPH
NOG
GRPH
GRPH
GRPH
GRPH
GRPH
GRPH

92*6

92*6
82*6
74*6
9 .6
96*6
83*6 10*7
10*7
10*7

30*4 50*5
12*5 40*5
36*4 44*4
35*5 11**
1 *3 50*4
6 *3 10*6
6 *3 10*6

83*6 10*7 1 *3 50*4

9 *6 10*7
9 *6 10*7
93*6
86*6

84*6 98*6
84*6
96*6
98*6
77*6 88*6

74*6 98*6
74*6 98*6

TBL
TBL
NOG
TBL

93*6
9J.6
9 *6
84*6
84*6

90*6
98*6 10*7
98.6
98*6
10*7
9 8*6'
93*6 10*7
77*6 9 *6

7 *3 10*5
15*3 10*5
25*5 20*6
3 *3 25*4
25*4 35*5
20*4 15*»
15*4 10*6
15*4 30*5
20*5 10*6
20*4 70*5
3 *3 25*4

14*4 57*5
3 *3 98*5

40*4

20*5 70*5
20*5 60*5
5o*4 20*5
2C*5 '5*5
50*4 20*5

2J*5 20*ft
25*5 20*6
3 *3 40+4
18*5 10*6
18*5 95*5

1 *3 35*3
25*4 35*5
5 *3 14*6
1 *3 35*5
5 *3 35*5
35*5 i4»6
10*4 IO•6
26*5 65*5
3 *3 40*4

7 8 * 6 1 0 * 7 8 * 3 S 6 + 5

EA ANL
E j W R L
EA ANL
E J W R L
E J M I T
EA A N L
ED L R L
EJ L R L
EJ L R L
ED LRL
EJ LRL
EA LRL
EJ LRL
EA LRL
ED LRL
EJ LRL
EJ MIT
Ej LRL
EA LRL
EA LR-L
ED LRL
EJ LRL
EJ LRL
E J L R L
EJ L R L
EA L R L
ED LRL
EJ LRL
EA LRL
E J LRL
EA L R L
EA ANL
EA L R L
ED LRL
ED LRL
E J L"L
EJ L"L
E A ANL
E J Ml T
Ej MIT
E j L RL
EA ANj_
EJ ANL
EA ANL
EA LRL
EJ LRL
ED LRL
EJ LRL
EJ LRL
£J LRL
J L«^

'• J M I T
k J i«i
EA LRi.
ED LRL

TO O H £ V *
W I N H O L D
S T R A I T *
W I N H O L D *

JACKSON
BAGLAN
BOWMAN*
BOWMAN*
BAGLAN
B A G L A N *

BAGLAN*
BOWMAN*
BOWMAN*
BAGLAN
fiAGLAN*
BERTOZZI
BOWMAN*
BOWMAN*
BOWMAN*
BAGLAN
BAGLAN*
BAGLAN*
BAGLAN*
BOWMAN*
BOWMAN*
BAGLAN
BAGLAN*
BAGLAN*
BAGLAN*
BOWMAN*

BOWMAN*
BAGLAN
BAGLAN
D A G i. A " +
B A G L A N *
N E L S O N *

B E R T O Z Z I
BOWMAN*
TOOHE¥•
TOOHEV*
TOOHEV*
BOWMAN*
BOWMAN*
BAGLAN
BOWMAN*
BAGLAN*
BAGLAN*
BAGLAN*

BOWMAN*
BOWMAN*
S A G L A N

U S N D C 1 15
PL 7 60 7
M C S A C 42 26
PL 7 607
fL 6 108
MCSAC 31 10
UCRL 5 0 9 0 ?
PRL 25 1302
PR 178 1827
UCRL 5 0 9 0 2
PR 3 C672
M C S A C 33 106
PR 178 1627
MASH 1127 96
UCRL 5 0 9 0 2
PR 3 C672
PL 6 108
PR 178 1827
WASH 1136 78
MASK 1136 63
UCRL 5 0 9 0 2
PR 3 C672
PR 3 C 6 7 2
PR 3 C 2 4 7 5
PR 178 18 2 7
MASH 1127 96
UCRL 5 0 9 0 2
PR 3 C67 2
N C S A C 33 106
PR 3 C672
W A S H 1136 78
NC S A C 33 8
I" A S H 113 6 8 3
UCRL 50902
UCRL 50902
PR 3 C247 5
PR 3 C 2 4 7 5
U S N D C 1 15
PL 6 108
PL 6 106
PR 178 1827
HC 5 A C 42 24
PR 6 C14 4 0
U S N D C 1 13
WASH 1127 96
PRL 23 796
UCRL 5 0 9 0 2
PRL 25 1302
PR 3 C 6 7 2
PR 3 C672
PR 3 C 2 4 7 5
PL 6 108
PR ;73 1827
WASH li.27 96
OCR'. 5 0 9 0 2

5 7 2
8 7 0
N71
870
6*3
57
87
N70
269
87
271
D70
269
469
870
271
863
26»
969
969
870
271
271
671
269
469
870
271
O70
2?1
969
070
969
870
8?0
671
671
5T2
863
Bf3
269
N71

TOF

T O F
T O F

T O F
T O F

TOF

S C * H ( N N ) i 3 N S / M ; i 3 0 D E C :

S C * M N N ) ; 3 N S / M ; 1 3 0 O E G ;

S C * A G I N G > ; 12 U S / M ; 77 O E G ; O

D I S C R I M ;

5 D E G ;

S C * H { N N ) ; 1 3 5 C E G i

sc*(uo;

S C U S G G ; I . 6

TOF." S C * H ( N N ) ; 5 0 D E G ; T A T G T ;
T O F ! S C * B 1 0 i 1 3 5 C E G i

T O F
T O F
T O F

S C U 5 G G ! 1 . 1 N S / M ; 1 3 5 D E G i
S C * H ( N N ) ; 0 . 6 N S / M i 1 3 5 D E G 1
S C * H ( N N > ; 0 . 7 N S / M ; 1 3 5 D E G i

LV

I
S ( C - O ) r ( i 3 * - 7 ) E - 5

EV

T O F > S C * H ( N N > ; 5 0 D E G ; T A T G T ;
T O F S C * h ( N N ; ; 5 0 D E G ; T A T G T ,
T O F . S C * B 1 0 : P U L S E - S H A P E O I S C R l M i
T O F I 9 0 A N O 1 3 5 D E G i
TOF. r 9 0 A N D 1 3 5 D E C :

0 6 9 T O F S C U 5 G G .

2" 1

tsf.3

T O F
t o r ;

DEC

i. J - i ' t - • •

S C U 5 G G • ».•.,• M S / ) * ; i I S t>£C- ;

S C * H ; N •» t * ; i % i ; U 5 C- c •• i i ' j D C C



Nucleus Quantity
Type

of
data

EPRIM E SEC
NT LAB Authors)

min max min max
Source Year Comment!

P S 208
PB 208
PB 208
PB 208
P6 208
PB 208
PB 208
PB 208
PB 208
PB 208
P B 208
PB 208
Bl 20«
BI 209
U 235

235
236

PU 239

R E S PAR AM TBL
RES PARAM T 6 L
R E S PARAM TBL
S T R N G F N C GO T B L

S T R N G FNC G O TBL
G N N O N R E S N N D G
GN N O N R E S N T E X T
GN N O N R E S N T E X T
GN N O N R E S N T E X T
GN NON R E S N T E X T
D O O R W A Y S T S TEX T
D O O R W A Y S T S TEXT
GN y I E L D G R P H
GN O I F S I G G R P H
l!N K l E L O N O G
GN y I E L D N D G
GN y I E L O N D G
GN y I E L O N D G
R E S P A R A H N D G

96*6 30*4 86+5 Ej
78*6 10+7 29+3 86*5 EJ

18*5 95*5 EJ
EA
EJ
EA

90*6 41*4 EJ
3 6 * 4 <*it*lt ED
41*4 TA
25 + 4 40*4. EA

98*6 30*4 86*5 EJ
98*6 10*4 10+6 EJ
83*6 1 +3 10 + 6 EA
11*7 1 +3 13+4 EJ

EA
EA
EA
EA
RC

LRL
LRL
ANL
LRL
LRL
LRL
LRL
LRL
LRL
ANL
LRL
LRL
WRL
LRL
GA
ANU
GA
GA

BOWMAN*
BAGIAN+
TOOHEV*
BAGLAN*
BAGI.AN*
BOWMAN*
BOWMAN*
BAGLAN
WE ISS
JACKSON
BOWMAN*
BAGLAN*
W J N H O L D
BERMAN*
SUNP*
JACKSON
SUND+
SUNP*

PRL 25 1302 N70
PR 3 C672 271
P R 6 C 1 4 4 0 072
NCSAC 33 106 D70
PR 3 C672 271
WASH 1127 96 469
PRL 23 796 069
UCRL 50902 870
NCSAC 31 102 570
H C S A C 3 3 8 D70
TRL .25 1302 N70
PR 3 C2475 671
AERE PR/NP 16 849
PRL 17 761 066
NCSAC 31 66 570
NCSAC 33 12 070
NCSAC 31 68 570
NCSAC 31 68 570
66 WASH 2 1064 366 REV OF pOSSlB-S THRSHLO M E A S U R M N T S !

W G O A N D J P I F O R 21 R E S O N A N C E S ;

S I G O ) = ( 4 , 0 * - 3 . 6 ) E - 5 i

S I G ( N R ) 3 3 , 4 M B A T 4 0 K E V i

7 M l R E S O N A N C E S F R O M 3 0 T o 8 6 0 K E V !

T O F ; S C * B 1 0 i 1 5 - 3 0 N S / M ; 1 3 5 P E G !
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C O N T E N T S

Foreword

Beryllium-9

Fluorine-19

Magnesium-24

Magnes ium-25

Magnesium-26

Sil icon-29

Phosphorus-31

Argon-^.0

Chromium-52

Chromium-53

Natural iron

Iron-56

Iron-57
Nickel-6l

Tin-117
Tin-119

Natural lead
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