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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 Qn(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 EI and MI transitions. On the left is
shown the arrangement of lower levels of the residual nucleus A-1l 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 O is the neutron binding energy in the
parent nucleus Qn(mev), which is also the reaction threshold energy in
the CMS. The values Q are taken from tables of Kravtsov 2d] and [17d]
Gove and Wapstra. The figures given higher up the axis are the sums
of Qn 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 nmucleus in some excited state:
th lev

E,  =Q +E,

the minimum values of bremsstrahlung end-point energy E:ax for which

e« To a first approximation the values of Ezh indicate



these processes are possible. More exact values of threshold energy

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

the Ezh values using the well-known formula
Eth
th

)

z EB (1 +

E
c

2 Mc2
where M is the mass of the parent mucleus.

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$ax (or accelerated electron
energy Ee), the angle ¢ between electron beam axis and direction from
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
micleus 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:

neutron energies Eiéb, 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 I;o’ combinations
of these widths with other widths and with the spin factor gy, values

of J*. The symbols GS and ES denote transitions to the ground and
excited states of the residual nmucleus, respectively. The last column
gives the neutron energies E;es at which the corresponding resonances

are observed in neutron experiments (total cross—-section measurements,
scattering cross-section measurements, etc.). The values of Ezes taken
from studies on gamma rays (e.g. Baglan, et al.[27]) were obtained

by converting the measured values of Eiab 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 Eiab are similar and

it can be assumed that the data given refer to the same resonance, all



the details are written in one line; when this procedure is unclear, the

data are written in different lines.

Radiation strength function SY = <:PY°/D>>. Thig physical quantity can
be estimated whenever information is available on the values of I}o
and of the nuclear level density, but in this book only the values of

SYo obtained by the authors of original studies are given.

Non-resonance cross—sections ONR (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 Qn’ 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 nmuclei which are stable in the ground
state. The values of Qn were taken from Kravtsov[Zd] and Gove and
Hapstra[l?d], 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[le]. 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[ 18d], 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 "Comments"). 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
Type 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 ANAIG 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 ruclei etc.). Figures followed by the letter "d" in square brackets

(e.g. [9d]) are references in this list.



BERYLLIUM-9
4 - Be- 005
Level scheme [1d]
2t 2900 ———— T 2320527 4y ses
—  I/2t 370t 5027
o* O srrrzrromm Er] M1 4 1,665[2z)
8
Be 3/2° 40
‘Be
(100%)
EBffective cross—sections of (y,n) reactions [5]
2.0 - = T <
g matyn ~i;r;frf====:::::—-f-_..________________;_
5 ——— Sre——t—— -.'};L?"‘°-4-:__—T:
o -~ ® 0.5-in. SAMPLE
w A 1.0-in. SAMPLE
- B 1.0-in. SAMPLE, NO B,C SLEEVE
3 v JOHN AND PROSSER
« ¢ GIBBONS et al.
e —-— BREIT-WIGNER FIT TO ALL DATA
—— BREIT-WIGNER WEIGHTED FIT TO ALL DATA
———BREIT-WIGNER FIT TO EARLIER DATA ONLY
| 1 l 1 | |
10 15 20 25 30 35 40

By Epye (keV)

305 MeV
= 135°
th

The quantity E - E'= is plotted along the axis of
abscissa and, withiﬁ theYaccura.cy of the kinematic correctionms,
it is equal to Exllab.

~<"h
-

The graph shows total cross-secticns of (y,n) reactionms,
obtained from differential cross—secticms by multiplying by
4x , and normalized to the results of Refs E3d]. and [4d4] ¥
for § - E$h = 26 keV.

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



FLUORINE-19
9 - F: - 0I9
Level scheme [1d] + ot
S— 1/25 3/2
1/25 3/2°
ot 1ou3 4 II,485
3t 940 1 11,38
EI{ |MI
* 0 4 10,442
IBF )
st 112* J 0
I9F
(100%)

Differential cross—sections [27]
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Differential Cross Section(mb/sr)

E‘;“"‘" = 11.7 MeV
s = 135°

Resolution = 3.5 nsec/m
Resonance parameters [27]
Ela.'b
n
(kev)
100 1.8

g0, I"n/I"



HAGRESTON-24 I2 - Mg‘- 024
Level scheme [1d] ot
1 -
2042 { 18,577
5/2t 449 J 16,984
Y7 A« p—— EL, I 4 16,535
23
Mg }
oo OF j 0
24Mg_
(78,70%)
Differentisl cross—sections [27]
Excitation Energy (MeV)
04 16.557 16.645 17.601
. T T T 1 T LA B T

0 i | L 4__1-_L_4 - 4 ]

10 20 40 60 100 200 400 600 1000 200
Neutron Energy (keV)
E$°“ = 19,5 MeV
9 =135°
Resolution = 2.3 nsec/m

Sample — magnesium oxide, Isotopic compositiom: 24Mg:25Mg:26Mg
= 99,9:0,08:0,01, Weight of magnesium-24 - 113 g.

Differential Cross Section (mb/sr)



I2 - Mg‘- 024

Resonance parameters [27]

B |glpln/T | G5 37| Te
(kev)  (ev) ES (ev)
22 0,61 (I") 0,40
55 244 GS i) 1,6
110 4,0 G5 (7)) 2,7
312 10,7 (Im 7,1
382

717 19,5 (17) 13,0
1210

1620



MAGNES TUM-25 > - Mg_ -

Level scheme [ld]

S 32, 52, 772t
3/2=, 5/27, /2"
2t 1368 -4 8,699
ot O rooromeryrrom g1l lu 4 7,331
24Mg.
IV 5/2+ -0
stg
(I0,13%)

Differential cross-sections [16, 27)]

Excitation Emgy MeV ) 5
1

1.383 1436 1483 1.54 94 1.647 1100

T (a)

Cross Section (miysr)
-

Dimﬂlﬁ,@l
s

g u/\.k&_‘_m_,,\ y

o 50 100 150 200 250 300 350
Neutron Energy (keV)

E“Y‘a" 11.0 MeV
9 = 135°
Resolution = 1.6 nsec/m

Sample - magnesium oxide., Isotopic composition: 24Mg:25Mg:26Mg
= 1,86:97.87:0,26, Weight of magnesium-25 - 29,7 g,

Arrows indicate peaks corresponding to transitions to excited
levels of the residual magnesium-24 nucleus,
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I2 - Mg- 025

Excitation Energy(MeV)
1152 7962 8172 8382 8.592 801 9010 9220 9430

1 (b)

b/str )
-

g

"qu-j

W o0 %00 1000 1200 1400 1600 1800 2000
Neutron Emergy (keV)

Differential Cress Section(m

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

Resonance parameters [27]

E:'la'b 9ylyo In /T GsS x Tye E:;es
(kev) | (V) &5 J (ev) (keV)
41,1 0,09 GS
45,1 0,31 ES
%,9 0,36 GS 3/2” I,I 84,1
208 0,29 ES
236 0,09 GS 261
404 0,03 445
439 0,05 s/t 484
472 0,06 520
515 0,46 GS 3/2% 567
60I 0,18 661
781 1,51 857
9I2 0,72 © 1003
1236 2,4 £ES 3%, s/t
1707 1869

I7%4 I931
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MAGNES IUM-26
I2 - Mg- 026
Level scheme [ld]
+
— 1
3
7/2%t 16l - 12,708
32 9% 412,073
I/t 584 — o EIl |MI 4 11,68L
5/2* O 411,097
25 Mg )’
WJW ot - 0
26
Mg
(I1,17%)
Resonance parameters [27]
ab es
E:; Qgrp L/T Co‘f" Jﬂ I‘fo Ei
(kev) (ev) ES (ev) (keV)
54,3 2,6 6S 1(1*,2t) 1,7 62,3
63,2 0,05 0,034 72,2
18I 1,0 GS 17(1*,2*) 0,68 202
222 1,9 ¢s I1~@1ate2t) 1,3 248
391 5,1 GS 17(1t,2%) 3,5 433
621 32,5 GS 1-(1*,2%) 22,2 684
738 15,0 ES 5,1
1122 14,7 Gs 17(1%,2%) 10,0 1232

Radiation strength function [27]

<T,/D> = (3,I £2,0)-107
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2 - Mg‘- 026

Differential cross-sections [10, 27]

Excitation Energy(MeV)

11.118 11.204 12.151
00— L E— —
{
51 .

Differential Cross Section(mb/sr)
t?

0.02 | [ | |1
10 20 50 100 200 500 1000 2000

Neutron Energy(keV)

E 7 = 13.3 MeV
9 = 1350
Resolution — 2.3 nsec/m

Sample - magnesium oxide, Isotopic composition: 24'Mg:zsldg-:zslﬁg
= 002130009299.7.

Arrow indicates a peak corresponding to the transition to an
excited level of the rssidual magnesium-25 mucleus,
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SILICON-29 - St- oo
Level scheme [ld]
— 1/2%, 3/2F
] 1727, 3/2°
2t 1780 —— — 110,258
ot O rorrrrmom EL |MI 4 8,478
owomomw 1/27 I 0
25i
(4,70%)
T T T
Photoneutron yield [40]
T T T YT T T T T Tt 1
©
coo te” Enr*1-92MeV § ~ ~ .
a.go. . - - -Z‘V— //// n.
pl @0 *
n oOn
- TQ L
a L .
zaoo F ; .o " o
2 e ' 1 0 n ¥
) : o * 0 0 -
4 . n ‘ ) \ /] Lt | 1 e . oY
o B 3 l s x 1360 1400 1440 1480
200~ i'iQs P L 5
T e 1 ] . A
- Y ey, |
0 1. i SR S SR SR SRR Sty X |
1000 1200 1400 1600 1800 2009

ax CHANNEL NUMBER
E, - E,, = 1.92 MeV (E:'; = 10.4 MeV)

4 = 90°
Sample - 63 g of Si0

o enriched to 2353 95%.

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 E:'lab are given in keV,
Transitions are observed only to the ground state of the 2831 nucleus.

The resonance with E]'a:b = T6l keV is shown expanded in the insert,
The continuous curve représents calculations based ¢n the Breit-Wigner
formalism with I = 26 keV and %g = .32 mbarn.,
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Non-resonance cross—section [40]

°MR = 0.32 mbarn
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PHOSPHORUS-31 I:)
IS - - 031

Level scheme [ld]

—_— 32t 1/2%
3027, 1/2"
2t I45] em——— ~ 13,76
It 705 e—— -1 13,020
0F 684 e 4 12,999
. EI ﬁu
I 0  srommom 12,315 [2a]
30P J‘
ooy 1/2% J 0

SIFD
(100%)
Resonance parameters [ 27)
Ela'b 9Pxorn/11
n
(keV) (ev)
109 0,86
280 0,60
398 0,59
678 0,90

939 4,4
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ARGON-40
18 -AP - oo
Level scheme [1d]
I+
—y—
-
3/2Y 1515 —— —{II,390
3/27 1270 —{ 11,145
EI| |MI
7/2 0 rrovrerrorm — 9,875 [21]
39
Ar
P 4
it 0% -] 0

40Ar

Differential cross—sections [39]

T T T T T T T T +
1
| J_].l
i L
~ 5 . | d: . illlhi, 4
x : S M,
- bt ° o = ‘h,
n 4 ‘ . .
-~ .
@3l "3
2 [ |
3 Y
a2k = ’l
S Jl'4 B
P A
PE Oy .
o
o .I * 1
04 06 08 30
NEUTRON ENERGY { MaV)
EmmY < 12,6 MeV
4 = 90°

Resolution = 0,6-0,9 nsec/m
40 The figures near the arrows represent the excitation energies of the
Ar nucleus,
A1l observed peaks correspond to the formation of a 39Ar nucleus in
the ground state,
Cross-sections averaged for intervals of E = 200 keV are shown in
the insert,
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18- Ar- o0

Resonance parameters [39]

Excitation glp® Ry

ene

(M:% (eV) (ev)
10,393 (11,3) (?,5)
10,418 (9,6) (6,4)
10,451 (5,0) (3,3)
10,481 (5,0) (3,4)
10,573 7,3 4,9
10,593 8,I 5.4
10,640 9,3 6,2
10,680 7,0 4,6
10,725 7,0 4,7
10,762 12,8 8,5
10,813 11,7 7,8
10,92 13,2 8,8
11,05 5,2 3,5
11,09 11,2 7,5
11,20 7,3 4,8
11,26 6,0 4,0
II,34 8,9 5,9
11,43 II,2 7,4
11,51 15,2 10,I
11,67 4,4 3,0
II,71 3,5 2,3
11,81 11,5 7,7
11,90 9,2 6,2
12,06 9,I 6,0
(12,16) (8,7 (5,8)
12,27 4,6 3,I)
12,41 (4,5) (3,0

¥ Y~I+5/6sin%0
¥ 9 = 3/2
22
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18 - Apr - o0

Radiation strength function for EI transitions

<I,/D> = 8107 [39].
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CHROMIUM-52 24 - C r.

052
Level scheme [Sd]
+
— I
-
(5/27) 1350 - 13,401
(5/27) 1163 — 13,214
1/25 3/27 777 EI] IMI - 12,828
3/2° 749 4 12,800
/2" 0 - 12,051
SIcr )
wrrrmrmm ()1 J 0
2¢Cp
(83,76%)

Differential cross-sections [27]

Excitation Energy (MeV)

— 12,140 12.242 12.345 12448 12.550 12653 12.756 12,858 12561 13.063
< 14 B | 23 2a 12 o
=% % ¥ 23 3 AR -
E ] ' () o ' W A
—1.2 4 .
.§ l \-l'o
= 10] ] o )
4 . : 0 200 400 eee a0 1000
«» 1 NP . Energy (keV )
§ - f, ) l ) ':" .1 ’ (‘4'
S l'l rL‘:"s L B 'I\’ )
AR ! R -
g ,-. l.-"A";‘l!\ :1“ ‘"Ll' '-,h :}L ‘J‘x‘\: ' s I \\-j/\\ S PN
S N in'\:- IR X
& ; .\\"" . ' ' 3 '-;"

000400500 660 700 800 %00
Neutron Energy (keV)

E$ax = 13,7 MeV
9 = 135°

Sample - metal, Isotopic composition: 5'OCr:5201‘15301‘:5401‘
= 4,31:83,76:9.55:2.38,



24 ~ Cl”- 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 22V nucleus., The figures
beside the arrows represent values of J* 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]

lab

E g0y /T %E
(keV) (ev) ES

68,2 0,69 GS
I05 0,40 GS
I21 0,71 ()
125 0,35 cs
133 0,60 cs
147 0,31
166 0,50 (3
175 0,62 cs
I91 0,95 GS
203 0,49 GS
210 0,43 ¢S
229 2,47 GS
238 0,71 cS
249 1,22 GS
264 0,95 GS
27 0,61 GS
286 0,55
293 0,59
341 0,78 ¢S
349 1,04 GS

385 0,66 GS



CHROMIUM-53 24 - Cr- 053
Level scheme [ 6d]
—_— 12 - 52
172t - s/t
2t 1434,19 ——— 49,377
EI] |MI
ot 0 swrmwrrrmrm ~ 7,943
52Cl" »
Jf
srrrrtramrmw 32 0
[ =4
_)3Cr
(9,55%)

Differential cross—sections [27, 28]

Excitation Energy(MwV)

1.994 8.045 3.096 8.148
I | T T

15

1o

Differential Cross Section(mb/sr)

< Ul ¢ t ] T
0 50 100 150 200
Neutron Energy(keV)




Differential Cross Section (mb/sr)
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24 - Cl‘- 053

Resolution - 1,1 nsec/ﬁ
Isotopic composition:

Sample - 52 g of Cr. 0.,
2Waight of chromium-53 — 41.5 g.

= 0.82:3.37:95.56:0.25,
The arrows indicate the position of resonances with J® = 1/2"
which are kmown from the measured total cross-sections of

chromium-52,

Excitation Energy (MeV)
8.250 8353 8455  BSS] 8659 8762  8.864

E o2} - T
st 5
N T !
T

=
=
— T

L <

00 1600

300 1
Energy(keV)

e [ 4
e £

=l
-

[
N

SRR R

i | | i ol

200 300 300 500 500 700 500 900
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,

50Cr:52Cr:53Cr:54Cr
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2l - Cf‘- 053

Photoneutron yield [29]

N T
SO0 » >
N | ﬁ%f? .
diles &
] 5'J1 S sl 3k 1
yv 7Y s 3 3
200 VY h} $
A,
o _|2100 ls:)o uoo"—'J
400y - T — T T
ety 0™
oot o 4
- € B 114 MoV
- !
) i
100 *,,. ‘ —
L 1900 m‘:o — 700 1800 m;o&"
00— — T T T T
00
oo §
L 3
* i

1
Lo
|

By = 9,1 NeV

@ = 1359

Sample — 64.4 g of c:-203. Chromium-53 content — 96%,
Reselution -~ 1 nsec/m

Values of E}lab are shown near the peaks.



24 - C - 053
Resonance parameters
Elllab gxrxo T, /T %g Jx I‘yo L./T E;es
keV) (eV) | s (eV) (keV)
71| 29 71 | 7| 9 | [9 27 |[I1d]|[124)
2I,4 2I,4 0,0I3 0,026 * 23,0 22,9
28,3 0,031 30,3
44 4 0,022 47,2
45,5 45,5 0,034 0,009 * 48,4
47,1 0,042 [1/2*] o,17 ** 50,I 5I,0 50,2
47,7 12t 0,179
54,5 S4,6 0,084 GS 0,046 * 57,8 57,8
67,2 0,049 71,1
89,0 0,38 9%,0
91,0 0,17 %,1
92 12t 1,275
92,7 0,057 97,9
9, 4 0,25 99,6
98,6 0,I5 104
10I 3/2° 0,075
102 0,II 108 107
104 0,I3 110 III
105 3/2° 0,102
106 0,10 112
107 3/2° 0,143
II7  II7 0,31 GS I/2t 0,930 123 123,2
I24 0,3 GS I3I I30 I32
125 3/2° 0,256
132 0,20 GS 139
133 3/2° 0,193
146 I/2- 0,234
147 0,065 IS5
170 0,054 I™
175 0,046 *
I8 I8 0,31 GS I/2° 1,210 191
191 0,35 &S 20I 199
193 I1/2- 1,137
19 3/2- 0,ISI
212 0,084 223 224
224 0,40 Gs ([r/2*] 1,6 ** 235 235

226 172t 1,315
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24 - C r- 053
gLad o 0/ G | I | melyr g o8
n Y or n
— (1) (eV) |ES (eV) (xel)
27) | 129) 7 107 | 29 | [29 [27)|[11a]| [12 4
234 233 0,07 I/2- 0,409 246 246
241 3/2° 0,069
27 0,18 GS [1/2*] 0,72 ** 285 28I 285,4
27% 3/2 0,077
292 0,58 GS 306
294 I/2~ 0,748
315 3I5 0,7 GS I/2t 0,184 330 326 33I,I
317 3/2° 0,395
333 333 0,60 GS [1/27] 1,324 349 349
347 0,32 [1/2*] 1,3 "* 364 364
350 3/2° 0,249
371 0,20 389
373 1/2”
389 0,09 [172%] 0,36 ** 408 40I
404 0,06 [1/2%] 0,24 ** 423 418
422 0,24 443 442
440 0,II 461
454 0,54 GS 475
480 0,68 GS 502
510 0,19 as [1/2"] 0,7% *=* 533 530
519 0,20 GS 543
Comments :

The values of J" given in square brackets in column 5 are
taken from Refs [11d] and [12d4].

#* Values of gy r

% Values of I
Yo

¥

Radiation strength function

are taken from Ref, [27].

{Ty/D>= (I1,6%0,8)-107°

o Pn/Pare taken from Ref., [29].

[27]
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NATURAL IRON 26 - FE- ecr,
Isotopic content
A p [1d] Q, [24]
(%) (MeV)
54 5,84 13,62
56 91,68 11,21
57 2,17 7,642
58 0,31 10,047
Differential cross—sections
Results from Ref. [4]
= lﬁ ' i N T T T T T T
144
|
80 12 4
2] L w
5 g8 -
2 =
2 ®
2% o |
° 8 I°
U 20 G 4 1
i o |
I . -
O+ 4 ¢ & 0 v u % 20 30 20 50 60 70
Neutron Energy (KeV) Neuton Energy (keV)

max

E} = 12,7 MeV
8 = 135°.

Resolution — 15 nsec/m

Sample - metal (disc of diameter 7,62 cm, § = 1.25 cm)

The arrows indicate peaks for which data are given in the
table.
The uncertainty on the axis of ordinates = 30%.



Differential Cross Section(mb/sr)

o
0
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26 - FE- ecT.

Results from Ref. [27]

Excitation Energy(MeV)

11.307 11410 11512 11614 11717 11.819 11921 12023 i2.126 12.228

o -
N

S

‘lol.24

+ + hd ?: ? ?
e Bl IE O EE |
100 500 600 100 800 900 1000

Neatron Energy(keV)

Ey*™= 12,7 MeV
9 = 1350,

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 B o~ = 11,45 ¥MeV ghow that the main
part of the observed stiructure’'is due to transitions to the ground
state of the residual J9Fe nucleus,

The arrows indicate the position of iscbar-analogues of low—
lying levels of manganese-56, Values of J® and of excitation
energy for these low-lying levels are given alongside the arrows.
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26 - Fe - 8CT.

Resonance parameters [4)]

oo r=In 9% .
(lr:eV) (e7) (ev) (mbarn)

I,05
1,25
1,65
I,92 415 0,80 7
2,20
2,95 [
3,40
4,00 |
5,35 i
8,80
9,80* 560% I,93 9%
10,65
II,30
14,70
21,0
23,5
27,0
31,0

* According to later work (Ref, [27]), Eia'b = 9.63 keV and
r ~ r‘n = 160 eV.

Comments

(1)

(2)

It is assumed that the strong levels at E},a'b =1,92 and 9.80 keV
correspond to iron-56, and this is supported by a comparison of the
measurements with E®®X . 12,7 and 11,6 MeV, In this case J* = 1~
and T = 2/3(grYo)Y

The remaining peaks may be associated either with iron-57 levels or
with p-resonances of iron-56.



- 29 -

IRON-56 26 - Fe - 056
Level schemes [7&]
+
e I
-
5/27 7/2" 1408,4 —— {12,618
5/27 7/2" 13164 —— J 12,506
5/2” 931,2 — 12,181
1/2” [ QY ppe— £1l g J11,621
3/2” o J— 11,210
55Fe
/1
WL’W ot <4 0
b Fe
(91,68%)

Differential cross-sections

See data obtained for natural mixture of isotopes.

Radiation strength function

¢Ty/D> = 3,5107 [4].
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%-—FQ-O%

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

Erllab g, Tyo Tn /T i
(ke) (eV) o

83,1 0,30 6S
97,6 0,47 S
105 0,30

I24 0,22 s
132 0,23 es
138 0,29 as
T64 0,74 as
189 0,73 as
195 0,80 @S
218 1,27 @S
228 0,31 s
267 0,91 @S
2% I,84 S
307 0,47

316 0,29

338 1,20 @S
347 1,13 Gs
374 2,I5 as
388 1,64 S
430 I,04 S
450 0,95 s
488 1,19 GS
502 1,03 GS
543 0,97 S
5% 0,34

594 1,89 GS
627 2,30 GS

705 0,37
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IRON-57
26 - Fe - 057
Level scheme [8d]
—— 1727, 3/2°
1/2%, 3/2*
4* 2085,05 49,7227
EI| |MI
2t 846,75 ——— 4 8,489
ot 0 g 4 7,642
%Fe ' 4
172" I 0
°?Fe
(2,17%)

Differential cross—sections [27, 28]

Excitation Energy{MeV)
1693 1145 119

1.847
15 j T T T
Ltol."
-
=
el -
H
°
> 1
-
2
ol A g -
K]
s q
-
K b
E q7 () .
. RN IR i
] 54 200

10 150
Neutron Emergy(keV)

E;"‘= II,5 MeV
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26 - f:EB - 057

8 = 135°
Resolution -~ 1.1 nsec/m

The arrows indicate resonances with J" = 1/2+ found in studies on
the 56Fe(n,n) 6Fe reaction [5).

Sample - Fen0,, Isotopic composition: 54F'e:56‘17‘<a:57Fe:58Fe
= 0.,20:9,25:90,.42:0.13. Weight of iron-57 - 43.3 g

Excitation Energy(MeV)
1M 3051 8154 8256 8358 8460 8562

T T T 1T 7 T

)
]

1200 1600

Differential Cross Section (mb/sr)
o

200 30 &0 50 0 70 800 %
Neatron Energy(keV)

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 66Fe(n,n) reaction,
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26 - Fe- 057

Photoneutron yield [29, 34]

[
400+ ’ !
I%OO 1100
£ ; :
I :
A “ﬁl“'%m&ﬂ
RO0 1800 2000 2200 2400
E, - E'® - 0.81 Mev (E}% = 8.45 WeV)

9 = 90°
Sample - 39,7 g of Fe203. 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 E:‘lab (keV) are indicated alongside the resonances,
Flight path lengths — 9 m, 1 = 6 nsec.

T
E (koY)
%00 400 300 200

—— T e e Y

COUNTS

CHANNET  NUMBER

E, - EP - 1.06 Mev (E°%° = 8.6 MoV).

See subscript to Fig. (a).
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26 - F@- 057
Resonance parameters
o E® [grn.r/r| es x | Tplu/T| Ty es
n vy | & J (V) B
(keV) ES (ev) (l_clgﬁ)
l]l s} 7] | [27] |[aaadfe]| (291 | [27] [[27] |f1141{[264]
26,0 26,7 0,084 /2t 12t 0,112 0,17 27,7 28 27,7
2,3 32,9 0,II 1/2~ 0,180 34,3 34,1
38,7 0,055 41,0
51,8 0,080 54,7
56,2 56,9 0,I2 I/2~ 0,221 59,4 59,0
61,5 0,067 64,9 63,1
68,2 0,I0 71,8
69,1 70,2 0,I2 172t 12t 0,08 0,24 72,8 W 7,6
91,6 92,6 0,069 0,045* 9,3 95,9
97,7 98,7 0,031 0,042 102,7 102
106 0,022 111 112
119 I1I8,4 0,094 GS 172t 0,119 125
I24 I25,1 0,008 172t 1/2* 0,105 0,056 I30 I3I 129
135 I3 0,036 1/2* 12t 0,068 0,072 I41 142
148 0,027 155
156 0,044 163  Ié4
162 163 0,059 172t 12t 0,066 0,12 I70  I69
167 0,032*
I71 0,072 )
I 181 0,21 GS I/2*t 1/2% 0,423 0,42 187 187
192 0,050 201
212 212 0,3 GS 12t 1/2% 0,685 0,72 222 220
216 1/2~ 0,130
223 224 0,40 3/2° 0,364 233
232 235 0,26 GS I/2t 3727 0,382 0,52 243 244
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26 - F@- 057
Eiab GsTve Tn /T G5 ® | Tpl/T| Ty, gres
(k) | (ev) | ES J (ev) | (V) | (av)
[27]{{20]{ [27] | [27) |[11ad{[29]| [29] {[27] | [11a] [164]

245 247 0,07 0,030*

259 260 0,II 172t 0,046* 0,22 271 273
270 3/~ 0,090

2% 0,15 286
278 I/~ 0,208

299 0,32 12t 0,64 3I2  3IS

330 0,32 345

393 0,31 410 406

*  Values of GyTye Tn/T>

Radiation strength function

< Ty/D> = (1,I%0,6)-107 [27].

Doorway states

A group of strong resonances is observed at energies around
50 keV 28]. Since from studies on only two S-resonances are
known in this range, values J" = 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®* = 1/2" is observed at
energies around 250 keV [28]. For this group the rank correlation
coefficient for values of P? is Q= 0,20, so that one cannot exclude
the possibility that the group may be attributable to statistical
fluctuations.
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There is an anomalous concentration of the strength of MI-
transitions in three resonances at 224 keV (3/27), 235 keV (3/27)
and 606 keV (1/27), which may,be due to the existence of doorway
states of type (f ) ( )-1 [34]

Js5/27 N7/2 :
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NICKEL-61 28 - N L - 061

Level scheme [ld]

1727, 3/2°, 5/

1/2t, 352t s/2t
2t 2159 49,982
2t 1332,5 —— 19,156
o* O sz EI| |MI 47,823 [2a])
60
Ni J
P ALY T0
*INi
(1,19%)
Photoneutron yield [29]
I | | L T
E 1=9m
régf‘;ggé%; Egg §§§= 2
.'LM;,-U LA T ;g
;*.' ‘wu tﬁ ﬂ Re b4 ©
1 n wﬂ—
1400 1500 %f 1700 1800 1900
! | T A I T I

k4

-""o £:5.5m
3
p 3

3 R -
s, 3 s 3
N 2 8 .

&£
P=
o
f

1060 1100 1260 1360 * 7400
CHANNEL NUMBER

The values of E:‘la'b are indicated above the peaks.



Resonance parameters [29:]
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28-Ni.-CBI

n
B2 ] Ty lW/T
(keV) (ev)
11,6 1/2% 0,367
12,6 1/2 0,040
22,0 3/2” 0,020
31,0 3/2” 0,018
40,4 1/2* 0,018
45,0 1/2- 0,166
48,8 3/2” 0,034
53,9 172" 0,092
62,0 3/2” 0,189
81,4 3/2” 0,093
89,0 0,014 *
92,6 1/2% 0,I®
102,9 1/2% 0,209
106,0 1/2” 0,419
107,9 0,032 *
114,8 3/2 0,205
129,5 1/2” 0,256
132,5 1/2” 0,314
141,6 1/2” 0,148
I54 172t 0,166
159 1/2- 0,216
162 3/2” 0,231
175 0,067
17 1/2*% 0,062
187 32" 0,165
192 172t 0,557

* The value of QP,o Lo /T
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TIN-11
T 50 - Sn- 117

Level scheme [42] -

— 1/2%, 172t
1727, 3/2°
(0%) 170 48,723
2t 1293 48,2%
+ EI| [MI
0 O romrrmmmrrrmrr 4 7,003
IIGSn
"
e 1/2% -T 0
178n
(7,61%)
Differential cross—sections [42]
T T T T T
z " = -~
~
s 2.4} -
l
o
E 2OF -
~
§ ' .b - -‘1
D ”
= I2F ‘ e’ -
E ”/"r
o.‘ b ”’ -
C -
v | o o= =
~ O 4F . .
b (XN (wm)
hd 4 L L 1 L1
-0 70 80 ° 19-0

PHOTON ENERCY (Mav)
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E % = 9.2 MeV.

9 130°

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™.
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TIN-119 50 - Sn,-y_g

Level scheme [42]

—_— 172%, 32t
1/2°, 3/2”
(o*) 2050 ——— 4 &,el
(%) 2040 —— { 8,60
2t 1230 ——m— gLl (w1 { 2,79
o* O srrmmrrormr 4 6,5
8gn 3
WLﬂIW I/'2+ -I 0
II9Sn
(8,58%)
Differential cross—sections [42]
PR T T T v T =
[
o2
° 20 .
s
I vep I :
§  1a2f {{ b
: it -
E osf -7 A
S o4~ EE
: o4 (V.ng) ]l (an)) (¥np) ¥
3 00 _l 1 1 i 1 _i
7-0f ¢ 80 90

PHOTON ENERCY (MeV)]

EtYna.x up to 9.2 MeV

9= 130°

Resolution - 3 nsec/m

Uncertainty on axis of ordinates = 25%
Vertical lines indicate statistical errors only

The dotted line represents extrapolation of the giant resonance "tail"
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NATURAL LEAD 8 - Pb_naz_

Isotopic content p and neutron binding energzlgn

\ pC%) Q. (kV)
(1] | [27] [24]
204 1,37 1,48 8,38
206 25,0 23,6 8,13
207 21,2 22,6 6,73
208 52,4 52,3 7,38

Differential cross—sections [14]

Excitation energy — MeV

7.426 7.476 7.527 7.577 7.627 7.678 7.728
40 ™ T T T T T T T T — T T T
] |
&
3
30 ~ ~N ~N ~
g8 R’ B8 8 i
D
€
|
2t .
§
O
10 + 4
oL 1 w 1 1 11 1 1 ] ] 1 ! 1
0 0 100 150 200 250 300 350

Neutron energy — keV

E‘;‘“ = 9,0 MoV
9= 135°

The arrows indicate resonances corresponding to lead-207; the
remaining resonances correspond to lead-208,
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2 - Pb e

Differential cross—sections [27]

Excitation Energy (MeV)
1728 1829 1929 $.030 8130  8.231 8.331

—~20} H
5ole =Eo . . J s : |
Tz BEm e orar |
l‘rl 100 “ o1 { #\ 1 ‘é.{ : rj\
r \ E‘H\//Vh‘/\) L\JWJ’N 1
12} R T T TS

Energy (keV)

Differential Cross Section (mb/

o 50 550 0750 850 30
Neutron Energy (keV).

E‘;‘a‘ = 10,0 MeV

§ = 135°

Resolution = 0,6 nsec/m

Sample - metal

Weight of lead-208 - 127 g

The dotted line represents the estimated background

The arrows indicate resonances corresponding to lead-20T;
the remaining resonances correspond to lead-208

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



Level scheme [14]

(5/27) 1043,7
13/2% 1013,8

9/2™

(3/27)
/2"

3/2”

1727
5/2

987,6
840
761
703,3

262,8

2,3
O 2IITIIIRIIIw

205 P&

———

8 - PB- 206

LEAD-206
— 1t
I-
49,17
49,144
49,118
4 8,970
. 8,891
4 8,833
EI| [MI
4 8,393
38,132
18,130
‘V
J,mr ot Jo
**pb
(25 %)

Differential cross—sections [27]

Excitation Energz (MeV)

320 8.092_ 8.112 8133 8173 8193 8213
=
éz'or 56'- | T T T
Ezw' “L ".;"EWW
- ~
vz,zoo» 40 ¥ B -
2150* 32'T i zu% 0;0 ﬁ 1:0 T T J
2 1 Energy (keV) ! I
_ 120} ut
2 )
S 80| 6| P} ‘
S L !
= 40 8 ‘ ' S
< ﬂ M‘VM l ‘v/b -
o 1 1 1 La L hrd L N Y 1 i
0 2 &4 6 8 10 30 0 110 130

)
Neutron Energy (keV)

150
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8 - F>]5~ 206

E$ax = 10,0 MeV
9 = 135°
Resolution - 1,6 nsec/m
8

Isotopic composition of sample: 2O4Pb:206Pb:207Pb:20 Pb: = 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]

5.2 | g/ Gs
(keV) (eV) ES
1,5 0,4 65
7,3 3,4 GS
10,3 I,I S
12,9 0,12 ES
16,1 0,40 cs
28,5 0,54
33,7 2,5 GS
40,0 0,86
50,7 1,3 Gs
53,6 0,52
68,9 1,5
2,1 1,4
75,1 0,90
88,9 4,5

104 4,9
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LEAD-207 & - PB - 207
Level scheme [1d]

—g—1/2", 3/2°

1/2%, 3,2t

(0%) 1100 —n 4 7,83
2t 803,3 4 7,53

E1} |M{1
& 0 wrrrrrrrrrre - 6,73

206 P& )2

e BV j 0

207 PB

(21,2%)
Differential cross—sections [27, 28]

Excitation Energy (MeV)
6.785 6.335 6.885 6.936 6.986 1.036
2 y T y T — v —
’it"" ' ' '
‘l—- " - 4
‘ g N
1St ! E'—/\/\’ \/ \'/\'-\J,.\f =
f N L ! e L

' Energy (keV) i

|

ts
m

—
(]
T

wn
i
Tr e > .

Differential Cross Section(mb/sr)

% 50 100 50 200 0 300
Neutron Energy (keV)

Ey™= 8,4 MeV
8 = 135°.
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& - F’l&-ZO?

Isotopic composition of sample: 204Pb: 206Pb: 207Pb: 208Pb = 0,02

2,16: 92,36: 5,48, TWeight 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,

Excitation Energy (MeV)
6.936 7036 1137 7.238 1.338 1439
T T T T T

te 204

|
|
i 11

o
w

—
[ J
-—1s
109

w
|

Differential Cross Section(mb/sr)

:
o ] 1
200 400 500 600 700
Neutron Energy (keV)
E:ax = 9.8 MeV
8 = 135°

For isotopic content of sample, see above,

Resolution ~ 0,7 nsec/m
The arrows without figures indicate 10 resonances with J* = 1/2+.

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

Resonance parameters [27, 28]

B> lgr.T./r | S8 3% | T EN°
(keV) (eV) ES V) keV)
[27)[13]! [14a][ [154]

3,3% 0,07 GSs 3,4

I1,2* 0,054 £S

I2,I1* 0,03 ¢S 12,3

14,3 0,34 ES

16,2 0,21 ¢S 1/27[13d) 0,42 16,5 I6,5

19,8* 0,08 GS 20,1

24,9 0,71 ¢S 3/27[134 0,81 25,3 25

35,8 0,97 3/27[13d] 1,I 36,4 35

40,7 5,0 ES

45,1 I,2 3/27[13d 1,5 45,8 46

65,7 1,6 Gs 1/2*[13d] 3,2 66,6 66

7% ,1 I,I GS 77,1

82,6 I,I 83,8 85
90,0 3,1 @S 91,2

92,5 0,88 93,8

97,0 0,30 98,3

II4 0,82 GS 115

125 6,6 GS 127 126

133 0,86 135

140 4,0 GS 142

146 2,9 GS 148

159 I,I 161 161

168 0,78 GS 170

175 0,78 GS 177

1% 1,9 GS 198 198 197

198 2,8 GS 200

205 0,63 1/2*[11d) 1,27 208 207
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82-p$—207

Resonance parameters [27, 28] continued

B2’ |gyTyoTn/T | GS % Ty E;S®

(keV) (eV) tc-:)g J (eV) (keV)
27)|[3d){ [14d]{T5d]

217 0,57 1/2*[14d] 1,13 220 219

234 1,9 GS 237

242 3,1 ES

253 2,4 GS  I/2%[14d] 4,7 2%6 256

276 6,3 GS 279 278

301 2,8 305

342 4,7 I/2*[14d] 9,42 316 348

350 5,1 1/2*[14d)10,26 354 355

356 4,2 360

374 0,88 1/2%[14d] 1,75 370 383

391 2,9 172t [r4d] 5,% 39 396

407 4,0 GS 412

416 u,7 s I/2t[14d] 9,48 421 422

426 4,1 GS 431

454 2,5 459 460

466 4,2 472 473

488 0,9 I1/2* [14d] 1,88 494 495

503 4,7 509 5II

523 3,7 529

533 3,4 ES

543 I,5 I/2%[14d] 2,90 549 550

572 8,5 GS 578

*/  Data taken from Ref, (1]
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8 - p&— 207

Radiation strength function
<Ty,/D>= (I3£7)-10  [27].

Doorway states [28]

The rank correlation coefficient ¢ and momentum correlation coefficient ¥
were found for ten 1/2"’ resonances in the neutron energy range 200-550 keV
for the values of Pyo and rg from Ref, [14d]:

@ =0,60 and = +0,44

On the basis of this result it was concluded that there is a 0,964 probability
of a correlation between the values of I"YO and I‘n.

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



Level scheme [1d]

13/2%

3/2°
5/2

172"

207P&

-5 -

LEAD-208
—__WF_—-I+
-
I633,1
894 EI| |MI
569,7
VN

»;me o*

208 Ph

(52,4%)

Differential cross-sections [27, 28]

&-PL-ZOB

4 9,01

8,27
4 7,95

7,38

A1

| -
-

Excitation Ener ,(MeV)
0 1.426 1.476 1526 1.5 - 1.621 1618

B ﬂ

=

230

E

H

g o
(73

2 |
S

w15

S

.

S}

=

5 _
o. e ¥ o 7Y N
50 100 150 200 250
Neutron Energy(keV)

Eo = 9,8 MeV

350
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& - I) E; - 208

8 = 135°,
Resolution — 1,6 nsec/m

Sample - metal

204Pb' 206 207 208

Isotopic composition: Pb: Pb: Pb = 0,05 0,2: 0,05: 99,75,

Weight of lead-207 - 117 g

The arrows indicate resonances corresponding to transitions to excited states
of the residual nucleus (from control measurements for E$ax = 7.8 and 8,1 MeV),

Photoneutron yield [41]

613

208p4(4, n )2%%p0

w&r— E.- E"\- 1.02 MeV 4
8»90"
E, n heV

84135

COUNTS 7 CHANNEL

T
U VR S S

1
1600 1800 2000 2200
CHANNEL NUMBER

T 1
1200 1400

E‘:;“ = 8.4 MeV, (Ee - E'B) 2 1,02 Mev.
$ = 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,



Resonance parameters
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2 Jomen g | 57 e | e
(keV) @) | es (eV) (ke¥)
[27] | [a1) R (27 |[27) |[s1] 27] | [e1] 27} |[15]
2,9 0,16 ES 3,0
8,9 0,62
9,9 0,I2 63 10,1
15,9 0,17 e 2Ff 0,06 16,2 17
24,9 0,40 S 25,3
30,2 0,30 es It 0,23 30,7 29
35,4 0,22 ES
37,5 1,8 es 2Ff 0,64 38,1 37
40,8 7,2 6S I~ 4,8 41,4 41
90,0 2,6 GS 91,3
98,6 1,9 ES
114 2,0 It 1,6 115
129 5,4 GS 131
138 3,6 ES
156 0,98 GS 158
166 0,90 S 168
12 I8l 16,0 es It It 12,6 9,9 I84
257 254 26,2 s I I 17,5 16,4 260
299 297 4,0 B 0,9
318  3IS 11,0 s I1* 1 7,7 10,2 321

334 2t 1t 0,7

422

445 2t.1t 1,5

457 I 2,2

484 1,6
493 491 3,2 I 2,0 498
547 538 12,3 6 I"(1%) 1 8,2 2,4 553
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82-Ps—208

i EER O A =R B Ty i
 kev) (eV) ES (eV) (keV)
Rl || ] || RA|b] | @72 | 1] | 27
558 551 4,6 3,3 564
602 I 8,0
620 613 17,2 GS 1t I I4,6 19,7 627
659 651 8,6 It oI 6,3 11,8 666
699 1 4.4
737 I 3,5
860 846 10,0 s It 1 7,8 10,I 869
207 I 6,5
945 I 2,9
951 I 3,5
996 I 5,8
¢ The values were found in relation to the resonance of the 208Pb
(y,n{Yoreaction at energy 41 keV, for which the magnitude of FYO

¥

was taken equal to 4.8 eV [27] and 4.2 eV [41].

The data were taken from Ref, [7].

Radiation strength function

<Ty, /D>= (4,0%3,6)-107 [27).
Non-resonance process cross-section
0.8 <0y <1.2 mbarm/steradian  [14].

Qur evaluation of %NH is based on the assumption that the observed asymmetry
in the peak at Elab™= 40,7 keV (see Fig., on page 55 ) is due to interference
of the direct an® resonance mechanisms of the reaction,
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2 - P8 - 20

The following parameter values
were obtained for the peak:

= 1520 eV,
4.18< T < 6.44 eV

w
N

Experimental conditions:

Cross section — mb /sr
)
F-S

Ef{‘ax = 9,0 MeV
8 = 135°

Sample - natural lead

ol L1 L
36 38 40 42 44

Neutron energy — keV

1 N 1 1

Doorway states [ 28]

In the range of g2 _ 30-860 keV, 7 MI resonances with =1t

are found with a “total radiation strength of 50,8 eV, These
resonances may be associated with doorway states of type Ip - Ih
in a 113/2 neutron shell or a h11/2 proton shell,
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BISMUTH-209 83 - Bi. - 209

Level scheme [[1d]

T 72t - 11/2%
7/2” - 1I/2"

(107) T430 o———— - 8,8
7t 930 e—— -4 8,36
EI NI
st O swowmmmrom 4 7,43 {2x]
208m .
Bi y

Differential cross—sections [ 3]

80
-~ 60
o
3
z 40
o
G 80 20
w
v 70
w 60
‘350» 12 14 6
«
e o] 2
3o
20}
1o}
o e A e, b, A e . e VU e
[+] 1 2 3 [ ) S [ i4 [ ] 9 0 " 12 13

NEUTRON ENERGY (kev)
By = 1I,0 MeV
6 = 135°%
Resolution = 15-30 nsec/m
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ANNEX 1

SOME CHARACTERISTICS OF STABLE AND
LONG-LIVED ISOTOPES

Neutrcn
x binding Decay of A -1
Isotope J Abundance eneray nuclei
(%) (MeV

I-Hydrogen~2 1t 0,0149 2,2247 stab,
2-Helium-3 172t 0,000137 2p
2-Helium~4 ot 99,999863 20,577 stab,
3-Lithiun-6 It 7,42 5,663 p + He*
3-Lithium-7 3/2” 92,58 7,253 stab.
4-Beryllium-9 3/2= 100 1,6651 20t 3 2,3-10 sec
5-Boron-10 3t 19,61 8,4352 P+ 2
5-Boron-11 3/2° 80,39 11,4560 stab,
6-Carbon-12 ot 98,893 18,7219 P*; 20,74 min
¢-Carbon-13 127 1,107 4 ,9464 stab.
7-Nitrogen-14 It 99,6337 10,5536 Js*; 9,965 min
7-Nitrogen-15 1/2” 0,3663 10,8337 stab,
8-Oxygen-16 ot 99,759 15,6694 *s 123 sec
g-Oxygen-17 5/2t 0,037 4,1424 stab,
8-0Oxygen-18 ot 0,2039 8,0468 stab,

9-Fluorine-19 I/t 100 10,4307 p'; 109,87 min
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Neutron
x binding Decay of A - 1
Isotope J . Abundance ener nuclei
(%) (MGV
10-Neon~20 ot 90,92 16,8655  B% 16,7 sec
I10-Neon-21 3/2% 0,257 6,712 stab,
10-Neon-22 o* 8,8 10,3656 stab,
II-Sodium-23 32t 100 12,4178 p*; 2,458 years
I2-Magnesium—-24 ot 78,70 16,5305 B 12,1 gec
I2-Magnesium-25 5/2% 10,13 7,3319 stab.,
I2-Magnesium-26 ot 11,17 11,0937 stab,
I3-Aluminium~27 52 100 13,058 B 7,38-10° years
14-Silicon-28 o 92,21 17,177 B'5 4,33 sec
I4-Silicon-29 I/2t 4,70 8,4738 stab,
I4-Silicon-30 o* 3,09 10,6097 stab,
1s-Phosphorus~31 172t 100 12,3073 p+; 2,497 min
I6-Sulphur-32 ot 95,0 15,088 B'5 2461 gec
I6-Sulphur-33 32t 0,7 8,6434 stab,
I6-Sulphur-34 ot 4,22 11,4149 stab,
16-Sulphur-36 ot 0,0I36 9,8920 Bs 86,73 gays
I7-Chlorine-35 3/2% 75,529 12,6463 g3 1,588 sect
32,40 min
I7-Chlorine—37 32t 24,471 10,3113 B3 3+08-10° years
I8-Argon-36 o* 0,337 15,2528 B’ 1,804 sec
I8-Argon-38 o* 0,063 11,8387 K ; 34,30 days

18-Argon-40 ot 99,6 9,871 B75 269 years
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Neutron
x binding Decay of A ~ 1
Isotope J Abundance energ nuclei
(%) (Mev
19-Potassium-39 3/2% 93,1 13,085 B'; 7,66min
I19-Potassium~40 4= 0,01181 7,80053 stab,
19-Potassium—41 3/2% 6,88 10,0959 B 1,27-10° years
20-Cal cium—-40 ot 9,97 15,634 g*; 0,873 sec
50-LCal cium-42 o* 0,64 11,4727 K3 I,1°10°years
20-Calcium-43 702" 0,145 7,9326 stab,
20Calcium-44 ot 2,06 11,1363 stab,
20LCal cium-46 ot 0,0033 10,404 g5 I6I,5 days
20Cal ciun-48 ot 0,185 9,951 B
21-Scandium-45 7/2” 100 11,321 B*; 3,92 hours +
2,44 days
22-Titanium-46 o 7,93 13,1958  p'; 3,06 hours
22-Titanium-47 5/2 7,28 8,8751 stab,
22-Titanium-48 ot 73,9 11,6281 stab,
22Titanium-49 7/2” 5,51 8,I434 stab,
22-Titanium-50 ot 5,34 10,9480 stab,
23-Vanadium-50 6F 0,24 9,3323 Kj; 33%  days
23-Vanadium-51 7/2 99,76 11,0524 B 6-10° years
24~Chromium-50 o* 4,31 12,940 B*; 41,7 nmin
24-Chromium-52 o* 83,76 12,0407 E; 27,8 days
24-Chromium-53 3/2° 9,55 7,9405 stab,
24-Chromium-54 ot 2,38 9,7202 stab,
25-Manganese~55 5/2~ 100 10,224 K ; 3I3,5 days



Neutron
“ - .
Isotope J Abundance binding Decay of A -1
ener nuclei
(%) (MeV
26-Iron-54 ot 5,84 13,38 p+; 8,5 min
26-Iron-56 ot 91,68 11,227 K3 2,6 years
26-Iron-5T7 I/2” 2,17 7,6462 stab,
26-Iron-58 ot 0,31 10,0430 stab,
27-Cobalt-59 7/2~ 100 10,662 B'3 7I,3days +
9,2 hours
28-Nickel-58 ot 67,88 12,203 g*; 36,5 hours
28-Nickel-60 ot 26,23 11,3883 K ; 7,5-10% years
28-Nickel-61 3/2” 1,19 7,8195 stab, ,
28 Ni ckel—62 o 3,66 10,596 stab, |
28-Nickel-64 ot 1,08 9,6596 p; 91,6 years
29-Copper-63 3/2” 69,09 10,854 p*; 9,7 min
29-Copper-65 3/2° 30,91 9,9047 p%; 12,88 hours
30-Zino—64 ot 48,89 11,8563 F‘+5 38,4 hours
30-Zinc-66 ot 27,81 11,052 pt; 245 days
30-Zinoc-67 5/2 4,11 ?7,0539 stab.
30-Zinc-68 ot 18,57 10,1993 stab.
30-Zinc~70 ot 0,62 9,2152 Ty 58,5min 4
13,9 hours
31-Gallium—69 32~ 60,4 10,310 B*; 67,7 min
31-Gallium-71 3/27 39,6 9,3038  p5 2I,37min
32-Germanium-70 ot 20,52 11,533 p*; 38,8 hours
32-Germanium—72 ot 27,43 10,7493 K3 12,5 days
32-Germanium-73 9/2~ 7,76 6, 7843 stab,
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Neutron
JC : : )
Isotope T Abundance binding Decay of A.— 1
(%) ener nuclei
(MeV
32-Germanium-74 ot 36,54 10,2009 stab,
32-Cermanium—-76 ot 7,76 9,443 £3 7min +
49 sec
33-Arsenic-75 3/2” 100 10,2426 pt; 17,74 hours
34-Selenium=-74 ot 0,87 12,071 +; 44 min +
7,1 hours
34-Selenium-76 ot 9,02 II,1613 K ; I20,4 days
34-Selenium=T7 1/2” 7,58 7,4185 stab,
34-Selenium-78 ot 23,52 10,4970 stab,
3;..Selenium-80 ot 49,82 9,8% s 6,5-IO4yea.rs +
3,91 min
34-Seleniun—82 o* 9,19 9,27 ~s 18,6 min +
62 min
35-Bromine-79 3/2” 50,537 10,693 p; 6,5 min
35-Bromine-81 3/27 49,463 10,160 p%; 17,55 min +
4,37 hours
36-Krypton-T78 ot 0,354 11,981 *; 1,185 hours
36-Krypton-80 ot 2,27 11,525 B*; 34,9%2hours+
55 sec
36-Krypton-82 o I1,56 10,980 K ; 2,I3-10%yearst
I3 sec
36-Krypton-83 9/2t 11,55 7,467 stab,
36-Krypton-84 o* 56,90 10,705 stab,
36-Krypton—-86 ot 17,37 9,860 g5 10,7%years +
4,5 hours
37-Rubi diun—85 5/2” 72,15 10,478 g's 33 days +
20 min
37-Rubi dium-87 3/27 27,85 9,926 p; 18,66 days +

1,02 min
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« Neutron
binding Decay of A - 1
Isotope J Abundance enersy nuclei
(%) (MeV)
38-Strontium—84 ot 0,56 12,013 f3 32,9 hours
3¢.Strontium-86 ot 9,86 11,485 K ; 63,9days +
70 min
38-Strontium-87 9/2% 7,0 8,4283 stab,
38-Strontium—88 ot 8,56 11,1132 MI; 2,80 hours
39-Yttrium-89 I/2- 100 11,468 p'; 105 days
40-Zirconium—90 ot 51,46 11,983 P+; 78,4 hours +
4,18 min
40-Zirconium-91 s/t 11,23 7,2026 stab,
43~Zirconium—~92 ot I7,11 8,6351 stab,
40-Zi rconi um~94 ot 17,40 8,191 £ 9,5-10° years
40-Zirconium—96 ot 2,80 7,832 B> 652  days
4I-Niobium-93 9/2%Y 100 8,826 K ; 10,16 days
42-Molybdenum—92 ot 15,84 12,692 P*; 15,7 min +
64 sec
42-Molybdenum-94 ot 9,04 9,6722 K ; 100 Yyears
42 Molybdenum-95  5/2*% 15,72 7,3751 stab,
42 Molybdenum-96 ot 16,53 9,I542 stab,
42 Molybdenum-97 5/2t 9,46 6,8I61 stab,
42 -Molybdenum-98 ot 23,78 8,6424 stab,
42 -Molybdemm-100 ot 9,63 8,301 P"; 67 hours
44-Ruthenium-96 ot 5,51 10,694 ’5+; 1,65 hours
44-Ruthenium-98 ot 1,87 10,250 K ; 2,88 days
44-Ruthenium-99 52t 12,72 7,468 stab,
44—Ruthenium-100 o* 12,62 9,6735 stab,
44—Ruthenium-101 5/2* 17,07 6,805 stab,

44-Ruthenium-102 ot 31,61 9,2161 stab,



- 63 -

x Neutron
g binding Decay of A -1
Isotope Abur(l@zn)ce ener nuclei
(Me%
44—Ruthenium-104 ot 18,58 8,912 p; 39,4 days
45-Rhodium-103 I/2- 100 9,310 P’; 2I10days+ 2,5 years
46-Palladium-102 o* 0,9 10,587 K ; 8,5 hours
46-Palladium-104 ot 10,97 10,020 K ; I7 days
46-Palladium-105  5/2% 22,23 7,073 stab,
46-Palladium-106 ot 27,33 9,561 stab,
46-Palladium-108 @ 26,71 9,225 g3 7-10° years +
21,3 sec
46-Palladium-110 ot 11,81 8,806 g5 13,45 hourst
4,69 min
47-Silver—107 I/2” 51,35 9,551 Y. 2,4 min +
8,3 days
47-Silver—109 1/2” 48,65 9,188 B3 2,42 min +
>5 years
48- Cadmium-106 ot I,24 10,920 "5 54,7 min
48- Cadmium-108 ot 0,871 10,329 K ; 6,7 hours
48-Cadmium-110 ot 12,32 9,87 K ; 470 days
48- Cadmium-111 1/2* 12,67 6,9768 stab,
48- Cadmium—112 ot 24,15 9,397 stab.
48- Cadmium-113 1/2% 12,24 6,5398 stab,
48- Cadmium-114 ot 28,93 9,041 stab,
48-Cadmium-116 ot 7,61 8,696 p; 2,2days +
43 days
49- Indium-113 9/2% 4,28 9,424 p"- IImin +
22 min
49-Indium-115 9/2* 95,72 9,029 F’ti 7 sec +

50 days



Neutron
5 binding Decay of A ~ 1
Isotope J Abundance ener, nuclei
(%) (Mev
50-Tin-112 ot 0,9 10,802 K ; 35min
50-Tin-114 ot 0,66 10,320 K ; IIgdayss 27min
50-Tin-115 I2* 0,35 7,534 stab.
50-Tin-116 o* 14,3 9,566 stab,
50-Tin-117 172t 7,61 6,9425 stab,
50-Tin-118 ot 24,03 9,3273 m; 14 days
50-Tin-119 172% 8,58 6,485 stab,
50- Tin-120 ot 32,85 9,I044 Mn; 250 days
50- Tin-122 ot 4,72 8,8047 3 28,2hours +
5 years
50- Tin-124 ot 5,94 8,493 p ; 40 min 125 days
5I- Antimony-121 5.7 57,25 9,248 p"; 1,62 min +
5,8 days
5I- Antimony-123 7.2t 42,75 8,9653 p 3 2,75days +
3,3 min
52-Tellurium-120 ot 0,089 10,286 F’+; 15,9 hours,
4,5 days
52-Tellurium-122 ot 2,46 9,7 K ; I7 days+
154 days
52-Tellurium—123 172t 0,89 6,9299 stab,
52-Tellurium-124 ot 4,74 9,4238 Ull; I04days
52-Tellurium-125  1/2% 7,03 6,5849 stab,
52-Tellurium-126 ot 18,72 9,1093 Hl; 58 days
52-Tellurium—128 ot 31,75 8,772 F’- 3 9,35 hours+
105 days
52-Tellurium—130 ot 34,27 8,413 F,‘; 7% min + 41 days
53-Todine-127 5/2t 100 9,I39 p’; 13,1 days +

26 hours
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Neutrcn
= binding Decay of A -1
Isotope J Abudance energy nuclei
(%) (MeV
54-Xenon—124 ot 0,096 10,23 F'+ 3 7,85 hours
s4-Xenon-126 ot 0,090 10,09 K3 I7 hours
54-Xenon-128 ot 1,919 9,614 K ; 36,41 days
54-Xenon-129 172t 26,44 6,905 stab,
54-Xenon—130 ot 4,08 9,258 WI; 89 days
54-Xenon-131 3/2% 21,18 6,6056 stab,
54-Xenon-132 ot 26,89 8,9361 Wo; I2 days
54-Xenon-134 ot 10,44 8,535 P—; 5,65 days +
2,2 days
54-Xenon-136 o* 8,87 7,992 p-; 9,13 hours+
I5,8 min
55-Caesium-133 ?/2% 100 8,97 K; 6,48 days
56-Barium—-1 30 ot 0,I0I 10,22 p*; 2,61 hours+
2,10 hours
56-Barium-132 ot 0,097 9,803 K ; II,52 daye
56-Barium—-134 ot 2,42 9, 4644 K; 7,%ears +
38,9 hours
56-Barium-135 3/2t 6,59 6,9752 stab,
56-Barium~-136 ot 7,81 9,107L W; 28,7 hours
56-Barium-137 3/2% 11,32 6,9021 stab.
56-Barium-138 ot 71,66 8,61I5 Hl; 2,57 min
5?4Lanthanum-138 5 0,089 7,32 5 6-10% years
57-Lanthanum-139  7/2* 99,911 8,777 K 3 I,I-10Y years
58-Cerium—-136 ot 0,193 10,01 K ;3 I8 hours
5g-Cerium—138 ot 0,25 9,57 3 Shour +34,4 hours
58~Cerium~140 o* 88,48 9,203 K ; I40 days+
60 sec
58-Cerium-142 ot 11,07 7,160 P'; 32,5 days
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l

Neutron
Isotope J’t Abundance Zrilreligg Deca,r}:uzf e? -1
(%) (MeV)

59-Praseodymium-141 5/2% L0 9,397 g 3,4 min
60-Neodymium~142 ot 27,11 9,8I3 K ; 2,42 hours +

63,9 sec
60-Neodymium-143  7/2~ 12,17 6,1255 stab,
60-Neodymium-144 ot 23,85 7,817 stab,
60-Neodymium-145 772~ 8,30 5,7%04 oy 2,4-10%° years
60-Neodymium-146 ot 17,2 7,5654 stab,
60-Neodymi um—148 ot 5,73 7,3241 p; II,06 days
60-Neodymium~150 ot 5,62 7,357 B ; 18 hours
62-Samariun-144 ot 3,09 10,554 B3 8,6 min
62~Samariun—147 7/2" 14,97 6,573 o 5-107 years
62-Samarium—148 ot 11,24 8,1407 o I,OS-IOIO years
62-Samarium-149 7/2” 13,83 5,8731 stab,
62-Samarium-150 ot 7,44 7,9861 o 410t years
62-Samarium-152 ot 26,72 8,2668 F,_; 93 years
62-Samarium-154 ot 22,71 7,978 B 5 47 hours
63-Europium-151  5/2% 47,8 7,982 K ; I4 hours
63-Buropium-153 5/2% 52,18 8,555 B3 12,7years+

9,I hours
64-Gadolinium-152  OF 0,205 8,597 K ; I20 days
64-Gadolinium-154  OF 2,23 8,657 K ; 200 days
64-Gadolinium-155 3/2” 15,1 6,446 stab,
64-Gadolinium-156  OF 20,6 8,5312 stab,
64-Gadolinium—-157 3/27 I5,7 6,3682 stab,
64-Gadolinium-158 ot 24,50 7,9307 stab,
64-Gadolinium—160 ot 21,6 7,453 P’; I8 hours
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Neutron
4 binding Decay of A - 1

Isotope J Abundance ener nuclei
65-Terbium-159 3/2Y 100 8,136 K ; I200 years
66-Dysprosium-156 ot 0,0524 9,442 pt; 10 hours
66-Dysprosium-158  (* 0,0902 9,061 ; 8,2 hours
66-Dysprosium-160 ot 2,294 8,58 K ; I44,4 days
66-Dysprosium-161  g5/»* 18,9 6,451 stab,
66~ Dysprosium-162 ot 25,53 8,1949 stab,
66-Dysprosium-163 5/2~ 24,97 6,2717 stab,
66-Dysprosium-164 ot 28,18 7,6547 stab,
67- Holmium-165 7/27 100 7,989 g7; 26 min
68~ Erbium-162 ot 0,136 2,21 K ; 3 hours
68- Erbium-164 ot 1,5 8,856 K ; 75min
68- Erbium-166 ot 33,41 8,474 K ; 10,5 hours
68- Erbium-167 7/2% 22,94 6,4363 stab,
68- Erbium-168 ot 27,07 7,774 stab,
68- Erbium-170 ot 14,88 7,2631 F,‘; 9,6 days
69~ Thul ium-169 12t 100 8,06 E ; 85 days
70~ Ytterbium-168 gt 0,I35 9,055 K; I7,7 min
70- Ytterbium-170 ot 3,14 8,469 K; 30,6 days
70- Ytterbium-171 1/2” 14,40 6,6172 stab,
70- Ytterbium-172 gt 21,90 8,0239 stab,
70-Ytterbium=-173 5/2° 16,2 6,3677 stab,
70-Ytterbium-174 ot 31,6 7.4691 stab,

70-Ytterbium-176 ot 12,60 64876 B 4,2 days
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Neutron
x binding Decay of A - 1
Isotope J Abzm;ia)nce ener nuclei
’ (Mev
7I-Lutetium-175 7/2% 97,41 7,659 K ; I40 + I300 days
7I-Lutetium-176 7 2,459 6,2932 stab,
72-Hafnium-174 o* 0,18 8,59 K3 24 hours
72-Hafnium-176 o* 5,20 8,089 K3 70 days
72-Hafnium-177 7/2” 18,50 6,3808 stab,
72-Hafnium-178 o* 27,14 ?,6261 stab,
72-Hafnium-179 9/t 13,75 6,0995 stab,
72-Hafnium-180 o 35,24 7,387% stab,
73-Tantaleum-180 8 0,0II7 6,580 K ; 600 days
73-Tantaleum-181  7/27 99,9883 7,644 K; I,7-100° years +
8,15 hours

74-Tungsten-180 ot 0,135 8,49
74-Tungsten-182 ot 26,41 8,054 K 3 I20 days
74-Tmgsten—-183 172" 14,40 6,I9I4 stab,
74Mungsten—-184 ot 30,64 ?,4111 stab,
?4-Tungsten-186 of 28,41 7,202 B3 75,8 days
?75- Rhenium-185 s/2* 37,07 7,7 K ; 38+ 165 days
75— Rhenium-187 s/t 62,93 7,3714 ?-; 88,9 hours
76-Osmium-186 o 1,59 8,2705 K3 93,6 days
726-0smium—-187 1/2° 1,64 6,297 stab,
76-0smium-188 o* 13,3 7,989 Hl; 39 hours
76~Osmium-189 3/2~ 16,1 5,9233 stab,
76~0smium—190 ot 26,4 ?7,7931 stab,
%~ Osmium—-192 ot 41,0 7,559 P‘; 14,6 days+

14 hours
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Neutron
x binding Decay of A -1
Abund ay
Isotope J m(m ;n )ce energy nuclei
(MeV)
77-Iridium-191 3/2% 37,3 8,I2 K; 12,3days +
3,2 hours
77-Iridium-193 3/2t 62,7 7,772 P 74,4 days +
1,45 min
78-Platinum-190 o* 0,0127 8,81 K ; 10,5 hours
78-Platinum-192 ot 0,78 8,656 K; 3 days
78-Platinum-194 ot 32,9 8,367 K; 500 years
78-Platinum-195 1/2” 33,8 6,124 stab,
78-Platinum-196 ot 25,3 ?7,9209 stab,
78-Platinum-198 ot 7,21 7,563 p~; 18 hours:
80 min
796013-197 32Y 100 8,08 K; 6,5 days
80Mercury-196 ot 0,14 8,75 K 3 9,5+ 40 hours
80-Mercury-198 ot 10,02 8,30 K ; 65+ 24 hours
80-Mercury-199 1/2” 16,84 6,6488 stab,
80-Mercury-200 ot 23,13 8,0287 stab,
80-Mercury-201 3/2” 13,22 6,2254 stab.
80-Mercury-202 ot 29,80 ?7,7566 stab,
g80-Mercury-204 ot 6,85 7,491 P73 46,9 hours
8I-Thallium—203 172t 29,50 7,72 K; I2 days
8I-Thallium—205 12t 70,50 7,5414 P75 3,78 years
g -Lead~204 ot 1,37 8,401 K ; 52,I hours
82-Lead—-206 o* 25,0 8,081 K; 2,4-I0° years
82-Lead-207 172" 21,2 6, 7409 stab,

&-Lead-208 ot 52,4 ?7,3682 stab,
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Neutron
x binding Decay of A - 1
Isotope J Ab(ur%da)mce ener nuclei
(MeV
83-Bismuth-209 9/2~ 100 7,453 K ; 3.10% years
80~Thorium-232 ot 100 6,434 g3 25,64 hours
92-Uranium-234 ot 0,0056 6,8408 o3 16,2-10% years
92-Uranium-235 742" 0,7205 5,306 o« 3 2,5-10° years
92-Uranium-238 ot 99,2739 6,1436 B'; 6,75 days



ANNEX 2

BIBLIOGRAPHIC INDEX OF WORK ON PHOTONEUTRON REACTIONS NEAR THE THRESHOLD

Type EPRIM E SEC
Nucleus Quantity of NT LAB Author®  Source Year Comments
data min max min max
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BE 009 PES FARAn TEL  35+6 1 ¢3 40e¢¢ By LRL 2ERMANS AR 163 954 HE?  dfizl,e -V

& 10 GN CIF S1C GFPH 107 If0es 9148 ED L&SL VAN HEMERT UCRL 50501 9458

F 019 6N DIF €16 GRFH 1147 lgee 10¢¢ ED LRL VAN HEMERT UCRL 505C! 9t8

F 219 GN DIF S16 GRPH 11«7 20+4 80+ EJ LRL BAGLANS PR 3 Co672 272 TOF: SCuUS3Cs 3,5 MS/wM, 133 ~crg
F 019 FES PARAM TRL 127 le-s EJ LRL BAGLANS PR3 Ce72Z 273

MG 024 6N DIF SIG GRFH 16«7 19+7 104 22+¢ ED LKRL VAN HEMERT UCRL 50501 968

MG 026 GM AlF S16 GRPH 20«7 loes 206 EJ LRL 3AGLANS PR 3 Co72 271 TOF: SCUSGG: 2,3 MSy/m;, 13 .
MG 024 RES PaRaN NDG EA LRL BOWMANS WASH 1127 96 469

MG D26 RES PARAMN TRL 207 22+4 20¢6 EJ LRL 38GLANS PR 3 C672 271

MG 026 ANALG STS TeEXTY ED LKL vaN HEMERT UCRL 50501 9¢8

MG 025 GN DIF SIC GRPH 8346 11l+7 LC+4 léee ED LKL VAN HEMERT UCRL 50501 968

MG 02% GN DIF 516 GRPH 117 30e4 20+& Ey LRL BERMANS PRL 24 319 27C  TOF; 13% peGi v TCcT,

M6 02% CnopiF SIG GRPH 1147 Z5+4 20%6 ED LKL BAGLAN UCRL 50902 870

MG 025 GM pDIF S1G6 GFPH 11e7? 25%4 20+¢ &y LKL S5AGLANS PR 3 C672 2?71  TOF; SCU®GGs 1,6 MSyM; 135 DEG:
MG 025 RES PAFRAM TEXT 11«7 304 20%6 EJ LKL BERMANS "RL 24 319 27¢

MG 02% RES PARAM TAL 8346 1147 4)les 1246 ED LRL BAGLAN UCRL 50902 8?9

MG 025 RES PARan TRL B83«& 1147 &les 1Peg EY LRL 85AGLANS PR 3 C672 2?71

MG 02% GN NOH RESN  NDG EA LRL S50WMANS PASH 1127 9¢€ 469

MG 2% ANALG 5TS NDG EA LKL BOWMANS VIASH 1127 96 469

MG 025 ANALG STS TEXT 11«7 304 20+¢6 Ey LRL BERMANS PRL 24 319 270

MG 023 ANALG STS TEXT 117 L5 ED LRL =2a6GLAN UCRL 59902 87¢

MG 025 ANALG STS TEXT 1147 Lb+5 1246 Ey LRL 8AGLANS PR 3 C672 271

MG 025 ANALG STS TEXT EJ LLL BERMANS PR 6 C2299 D72

MG 026 GN DIF sIG SEPH 1147 137 10+4 15+¢ ED LKL VAN HEMERT UCRL 5050] 968

MG 026 GH DIF SIG GRPH 13«7 10+*4 1546 Ey LRL BERMANS PRL 23 386 849 TOF; 13% DEG; FOR ASTKOPHYS PROBLEMS;
MG 026 GN OLF §16 GRRH 1347 1o*4 1546 EJ LKL BAGLAN« PR 3 C672 271 TOFi SCUS5G6G: 2,3 MS/M; (35 DEG;
MG 028 RES PARAH NDG Ea LRL 30WMANS WAaSH 1127 96 L69

MG 026 RES PARLw TAL 1347 S6e4 11«6 EJ LKL BAGLANS MR 3 Ce72 271

MG $26 STRANG FNC 6D Tal EA LRy SAGLANS $CSAC 33 104 0?7¢

M6 026 STRNG Fug Gg Tol €y LRL 3AGLANS. R 3 Ce7e2 z2%i S(GaC)z(3,1+-2,0)Ee5]

S] 028 GN DIF SIG GRPH 1847 10+4 7045 ED LRL VAN HEMERT UCRL 50501 968

ST €29 GH ylELD NDG EA ANL JACKSONS NCSAC 42 24 N7 1

S] 029 6N VIELD GRPH 10¢4 l446 EA ANL JACKSONe USNDE 1 13 572

S1 029 6N ylgLp GRPH 107 3 +5 13es EJ ANL JACKSONe PRL 29 379 872 TOF: SCeM{NN); 90 DiG;

S1 029 DQORWAY STS TexT Ea aNL JACKSONe USNDC 1 13 572

S] 029 DOORWAY STS TEXT EJ ANL JACKSONe PRL 29 379 372 DOQRWAY STATE NEAP 750 KEV,

S1 029 GM NON RESN TEXT EA ANL JACKSONe USNDC t 13 572

SI C29 Aray6 st TEXT Ea ANL JACKSONe NCSAC 42 2 N71

¥ €31 6N £IF $IG GRPH 14«7 1c+4 )13+6 ED LRL VAN HEMERT UCRL 50501 96A

F 031 RES PARAM TBL lae? 10+5 9445 Ey LKL BALGLANS PR 3 C672 271

S 032 GN plFf s16 GRPH 17+7 1e+s¢ 10¢es ED LRL VAN HEMERT UCRL 50501 96

AR 040 6N pIFf 516 GRPH 1347 4 5 Se& EJ 0TC LOKANS® PRL 28 152¢ 672 TOF C+eH(NN): 90 DEG, TA T6T;
cCA 040 OGN pIF 516 GRPH 1747 10+4 10e6 ED LKL VAN HEMERT UCRL 50501 968

CR 052 GN [IF SIG GRPH l4s? 60+ 10+& ED LRL BAGLAN UCRL 50902 870

CR 052 6N pIlFfF SIG GPPH 147 60*6 1046 EJ (RL BAGLANS FR 3 Cé672 27y TOF: SCU5SG65 1,1 MS/M; 135 DEG:
CR 052 RES FaRam TBL 1247 l4e? 68+4 39+5 £p LKL BAGLAN UCRL 50902 870

CR 052 RES PaRaM TBL 12«7 l4e? 6Bet 3945 Ey LKL BAGLANS PR 3 Cc672 271

CP 022 STRNG FNE GO TBRL €D LRL BAGLAN UCRL 50902 a?7¢

CR 083 STRNG FNC G0 TeL EJ LKL BAGLANS PR 3 C672 271 S(E0)=(1,6+=C,8)z=5;

CR 052 ANALG STS NDG EA LRL BOWMANS WASH 1127 96 469

CR 052 ANALG ST§ NDG EDp LRL BAGLAN UCRL 50902 87n

CR 022 AWHA|G STS NDG EA LRL 3AGLANS NCSAC 33 106 079

CR 052 ANALG STS TEXT 1447 60+5 106 EJ LRL 346LANS PR 3 Cc672 271
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Nucleus

053
083
053
053
0s3
053
083
053
053
0s3
0%3
053
0s3
053
053
053

656
gs56
056
056
056
tsé
056
056
056
056
t56
csé
057
07
0857
0e?
057
057
0e?
0s7?
057
0s?
057
057
057
0s7?
087
057
057
657
0s7?
057
057
057
0el
0gl

Quantity

GN yIELC

GN ylELD

GN pIF sSIG
GN plIF S16
GN DIF S16
GN plfF SIG
RES PARAM
RES PARAM
RES PARAM
RES PARAM
RES PARAM
STRNG FNC GO
STRNG FNG Go
DOORWAY STS
DoORWAY STS
DOORWAY STS
GN ylELD

GN DIF s1G
GN DIF SIG
GN DIF SI1G
GN DIF SIG
GN pIF SIG
GN pDIF SIG
RES PARLM
RES PARAM
RES PARAMN
STRNG FuC 6o
ANBLG STS
AMALG STS
ANALG STS
ANDALG STS

GN yIELD

GN YIlELD

GN ylEeLD

G ylELD

GN plF SIG
6N pIF SIG
GN DIF S16
KES PARAM
RES PaARAM
RES PARAMN
RES PARAM
RES PARLN
STRNG FNC 69
STRNG FNC GO
STRNG FNC GO
BCORWAY STS
CCORWAY STS
CoorWAY STS
DCORWAY STS
DOORWAY STS
NOORWAY STS
GN NON RESN
GH yIELC

RES PARAM

Type
of

GRPH
GRPH
GRPH
GRPH
GRPH
GRPH
NDG
TBL
T8L
TeL
T8L
TBL
TRL
TEXT
TEXT
TEXT
GRPH
GRPH
GRPH
NDG
GRPH
GRPH
GRPH
TEL
TEL
TaL
TEL
NDG
NDG
TEXT
TEXT
GRPH
GFPH
GRPH
GRPH
GRPH
GRPH
GRPH
NDG
TatL
TBL
TBL
TelL
TRL
TelL
TRL
NDG
TEXT
TEXT
TEXT
TEXT
TEXT
TEXTY
GRPH
Tet

E PRIM E SEC
mia max min max
20+¢ 52+5
91+6 21+4 52+5
20+4 20+5
12+7 20+4 16+6
12+7 20+4 1646
12+7 20+4 16+6
9246 12+7 21+6 5245
21+4 3745
92+6 1247 21+4 55+5
LB+l 37+5
20+4 20+5
12+7 50+4 60+5
12+7 2C0+4 16+6
12+7 1 +3 10+¢
13+7 1 +3 12+
1347 1 +3 70+4
137 60+4L 1046
S50+4 10«6
13+7 60+4 10+¢
1247 1347 19+3 9841
1147 1347 8324 7145
11«7 1347 B3+4 7145
30+5 75+5
13+7 30+5 755
8546 25+4 61+5
87+6 2C+5 B80+5
8546 3244 6145
87+6 20+5 80+5
12+7 20+4 16+6
12+7 20+¢6 L6486
12+7 2044 l6+6
86+6 12+7 26+4 3945
864t 1247 26+4 39¢58
2744 2845
26+4 63+5
1247 60+t 048
12+7 20+4 1646
22+4 2844
89+6 l11*4 25+5
l1l+4 19+5

LAB Authox s)

ANL
ANL
LRL
LRL
LRL
LRL
LRL
LRL
ANL
LRL
ANL
LRL
LRL
LKL
LRL
LRL
FEI

JACKSON
JACKSONS+
BAGLANS
BAGLAN
BAGLANS
BAGLANS.
BOWMAN+
BAGLAN
JACKSON
SAGL AN+
JACKSON+
BAGLAN
BAGLANS
BAGLANS+
BAGLAN
BAGLANS
ABRAMOV +
LRL BSERMANS.
LRL BOWMANG
GA SUND«
LRL B3AGLAN:
LRL BAGLAN
LRL 2AGLANS
LRL BOWMANS
LRL BAGLAN
LRL BAGLANS
LRL BAGLAN
LRL BOWMANS
LRL BAGLAN
LRL BAGLANS
LRL BAGLANS+
ANL JACKSON~+
ANL JACKSON«+
ANL JACKSONe
ANL JACKSON+
LkL BAGLAN
LRL BAGLANS+
LRL BAGLAN«
LRL BOWMANS
LRL BAGLAN
LRL B4GLANS
ANL JACKSON+
ANL JACKSONS+
LRkL paAGLAN
LRL BAGLANS
LRL BAGLANS+
LRL BAGI AN«
LRL BAGLANS
LKL BAGLANS
LRL BAGLANS
ANL JACKSON=+
ANL JACKSON«+
LRL B5AGLAN
ANL JACKSON«+
ANL JACKSON«

Source

NCSAC 33 9
PR & Cl131¢
NCSAC 31 100
UCRL 50902
fR 3 C672

PR 3 C2475
WASH 1127 96
UCRL 50902
NCSaC 33 9
PR 3 C672

PR 4 C1314
UCRL 50902
NMCSAC 33 106
nesscC 31 10¢0
PR 3 C672

PR 3 €2475
71 KlEeV

PRL 17 761
PR 163 951
NCSAC 31 68
CCPN 50902
NCSAaC 33 106
PR 3 C672

PR 163 951
UCRL 50902
PR 3 Cé672
UCRL 50902
HASH 1127 96
UCRL 50902
NCSAC 33 104
PR 3 C672

PR & C1314
MCSAC w2 23
PRL 27 1654
PRL 27 1654
UCRL 50902
PR 3 C672

PR 3 C2675
MASH 1127 96
UCRL 50902
FR 3 Ce672

PR & Cl31¢
HCSAC 62 23
UCRL 50902
NCSaC 33 106
PR 3 C672
UCRL 509¢G2
NCSat 33 lo¢€
PR 3 C672

PR 3 C2475
MCSAC 62 23
PRL 27 1654
UCRL 50902
PR & C1314
PR & L1314

Year

0?70
071
570
B7¢e
271
671
469
870
D70
271
071
87¢C
D70
570
271
671
571
066
N67
570
87¢
p70
271
N67
870
271
8790
469
870
D7e
271
071
N71
071
D71
a87¢C
271
671
L69
g7¢e
271
071
N71
g7¢C
D7e
271
870
p7e
271
671
N71
D71
87¢
071
071

TOF

TCF
TOF

TOF
TOF
TOF

TOF:

TOF

TCF
TOF

TOF
TOF;

Comments
LIGLASS:; 1 NS/M; 135 DEG;
SCUSGG: 1,1 MS/M; 135 DEG;
SCUS5GGy 135 DEG;
SC+B10+ 30 NS/M: 75 CEGs: AL 16T
SC+B10; 15=3C NS/M; 135 DEG:
SC+B103 15 NS/Mi135 DEG; AL TGT;
SCU5GG: 1.1 MS/M; 135 DEC;
LIGLASS:; 1 NS/M; 135 DEG;
LIGLASS; 90 C:EG;
SCH(NN); 90 CEG;
Scud66s 1,1 NS/mM; 135 DEG:

S(GO0)=(1,1+-0,6)E<5

NO STRONG CORRELATION
DONRWAY STS NEAR

INTERMED STRUCT

TCF

LIGLASS

1
P

£0 AND 250 KEgV

IN P-4iAYE RESQONANCES

NS/M3

90 DEGS

-~ aL -



Nucleus

091
117
119
119

206
206
206
206
206
206
206
206
207
207
2¢7?
207
207
207
207
207
207
2c7
2c?
207
207
207
207
207
207

207
207
207
207
2c8
207
208
208
208
208
208
208
208
208
208
208
208
208
208
208
208

Quantity

GN VIELD
DlF S16
ylELD

GN DIF SIG
ylELD
yIELD
DIF S16
DIF SIG
vIELD
DIF SIG
GN DIF SIG
RES PARAM
RES PARAM
RES PARAM
RES PARAM
RES PARAM
GN ylIELD
yI1ELD
pIF sIG
DIF SIG
pDIF SIG
GN plF s1I6
DIF SI6G
GN pIF $16
RES PARAM
RES PARAM
RES PARLM
RES PARAM
STRANG FNC 60
STRNG FNC 60
GN NON RESN
GN NON RESN
DOORWAY STS
DOORWAY STS
DOORWAY STS
DooawaAY sTS
DOORWAY STS
DOORWAY STS
GN yIELD
6N ylELD

6N ylELD
yIELD
yIELD

GN aNG DISTR
GN pIF 56
GN plf $IG
GN plFf s16
GN plF g1I6
GN DIF SIG
DIF $16G
GN plIfF s16
RES PARaM
RES PARAM
RES PARAM
RES PARAM

Type

data

NDG
GRPH
NDG
GRPH
GRPH
GRPH
GRPH
GRPH
GRPH
GRPH
GRPH
NDG
TBL
NDG
TBL
T8L
GRPH
GRPH
GRPH
GRPH
GRPH
GRPH
GRPH
GRPH
TBL
NDG
LE-28
TBL
TBL
TRL
TEXT
NDG
TEXT
TEXT
TEXT
TEXT
TEXT
TEXT
GRPH
GRPH
GRPH
GRPH
GRPH
NDG
GRPH
GRPH
GRPH
GRPH
GRPH
GRPH
GRPH
TelL
T8L
NDG
T8l

E PRIM E SEC
min max min max
924+6
92+6
82+6 30¢6 505
T4+6 12+5 40e58
9 6 366 Lbeyg
984+ 6 3545 1146
8346 1047 1 +3 50«4
10«7 6 +3 10+6
10+7 6 +3 10+6
83+¢6 1047 1 +3 50¢4
9 «6 1047 7 +3 105
9 +6 1067 1543 100458
93+6 2545 20+6
88+6 3 43 2544
2544 35e5
204 15e8
BLet 9846 Ll5eb 10e¢
LYYX ) 15¢4 30+5
9846 20+5 10+6
98+ 6 2044 70+5
77+6 8846 3 +3 25+4
Theb 9806 lart 5745
T4eb 9846 3 +3 985
Lok
20+5 70+5
20+5 60+5
504 20945
20+5 55+5
50e4 20¢5%
93+6 25+5 20¢¢
938 25+5 206
9 «6 3 ¢3 4D
Bueb 1a+f 10e6
Bheb 18+¢5 95+58
1 +3 355
906 25%4 3545
98e6 107 5 +3 14ep
986 1 +3 355
98+6 5 +3 35+58
10e7 3545 14+
98+¢6 10*4 13 ¢
93e¢6 1047 26¢%5 85+5
7746 9 +6 3 +3 4044
78+6 1047 8 +3 HGes

NT LAB Authoxs)

EJ

ANL
WRL
ANL
WR(L
MiT
ANL
LFL
LRL
LRL
LRL
LRL
LRL
LRL
LRL
LRL
LRL
MIT
LRL
LRL
LRy
LRL
LRL
LRL
LRL
LRL
LRL
LRL
LRL
LRL
LRL
LRL
ANY
LRL
LRL
LRL
LRL
LRL
ANL
M7
MiY
LRL
aNg
ANL
ANL
LRy
LRL
LRL
LRL
LRL
LRL
LR
MIT
LRe
LRy
LRy

TOOHEY

WINHOLD

STRAIT»

WINHOLD»
BERTOLII |+

JACKSON
BAGLAN

BOWMAN«
BOWMANS
BAGLAN

BAGLANS
BAGLANe
BOWMANS
BOWMANS
BAGLAN

BAGLANS

BERTO2Z ]+

BOWMANS
BOWMAN«
BOWMANS
BAGLAN

BAGLANS
BAGLANS
BAGLAN«
BOWMANGS
BOWMANS
BAGLAN

BAGLANe
BAGLANS
BAGLAN
BOWMANG

BOWMAN
BAGLAN

BAGLAN

BAGiANS
BAGLANS
NELSON»
BERTOZ22
BERTOZZ
BOWMANS
TOOHEV
TOOHEY+
TOOHEY
BOWMANS
BOWMANS
BAGLAN

BOWMANS+
BAGLANGS
BAGLANS
BAGLANS

BERTOZIZ

BOWMANS
BOWMAN.
BAGLAN

| 4
|

Source

USNDC 1 15
PL 7 607
NCSAC &2 26
PL 7 607

fL 6 108
tcsac 31 10
UCRL 50902
PRL 25 1302
PR 178 1827
UCRL 50902
PR 3 C672
NCSAC 33 106
PR 178 1827
WASH 1127 96
UCRL 50902
PR3 €672

PL 6 108

PR 178 1827
WASH 1136 78
WASH 1136 83
UCRL 50902
PR 3 C672

PR 3 c672

PR 3 C2475
PR 178 1827
WASH 1127 96
UCRL %0902
PR 3 C672
NCSAC 33 106
PR 3 C672
WASH 1136 78
nCcsac 33 8
WASH 1136 83
UCRL 50902
UCRL 50902
PR 3 C2475
PR 3 C2475
USNDC 1 15
PL 6 108

PL 6 108

PR 178 1827
NCSAC 2 24
PR 6 Cl4dkd
USNDC 1 13
WASH 1127 96
PRL 23 796
UCRL 50902
PRL 25 1302
PR 3 C672

PR 3 Cé672

PR 3 C2478
PL & .08

PR {73 1827
Wasu 1527 96
UCkL 50902

Year

572
a7¢e
N71
870
863
57

8?7

N70
269
87

271
D70
269

-

o N
~ e o
LU S PR W I

Comments

TOF: SCeH(NN): 3 MS/M; 130 DEG:
TOF: SCeM(NN); 3 MS/M; 130 DEG;
TOFi SCeAG(NG); 12 MS/M; 77 DEgG;0
TOFi SCeH(NN)}; 13% pEG:

TOF; SCeB10; PULSE=-SHAPE DISCRIM;
TOF: SCUSGG: 1,6 MS/M; 135 DEG;
TOF:i SC+H(NN); 50 DEG; TA TGT;
TOFi SCeB10: 135 CEG:

TOF: SCU566: 1,1 MS/M; 135 DEG:
TOF+' SCeH{NN); 0,¢ NS/M; 135 DEG:
TOF+ SCeH(NN); 0.7 NS/M; 135 DEG;
S(G0)=(13+~7)E-5

W3oU5z36,5 EV

W6olS=z16,.3 EV

TGFs SCeH(NN); 50 DEG; 1A TG6T;
TOF: SCeR(NN;: 50 DEG; TA TGT,
TOF. SCeB10: PULSE-SHAPE QISCRIM;
TOF: 90 AND 135 DEG;

TOF: 90 AND 135 DEG:

TOF: SCUSGG: 3% DEG:

TOF: S5CU36G66G: i3> Dgd;

TOF SCUSGG: 4.uw HSs/M; ¢35 DEG,
Yoy SCeH NN: o 85 RS/M 135 DEG,
Yoo sCeMinNNG EnD SCUSGEer Lk DOGS
Wao FeR RSO -n0o 5

-— {L -—



Nucleus Quantity

208
208
208
208
208
208
208
208
208
208
208
208
81 209
209
U 235
u 235
u 238
PuU 239
MANY

Type

of
data
RES PARAM TBL
RES PARAM Tl
RES PARAM TBlL
SYRNG FNC GO TBL
STRNG FNC GO TBL
GN NON RESN NDG
GN NON RESN TEXT
GN NON RESN TEXT
GN NON RESN TEXT
GN NON RESN TEXT
DOORWAY STS TEXT
DOORWAY STS TEXT
GN ylELD GRPH
GN pIF s16 GRPH
GN ylELD NDG
GN yIELD NDG
GN yIELD NDG
GN ylELD NDG
RES PARAM NDG

E PRIM E SEC
min max min max
98+ 6 30+4 86+53
7846 10+7 2943 86+%
18+5 95+5%
90+6 blee
3646 L4+
[ EXN
2546 LD+
98+6 30+6 86+58
984+6 lo+4 10+6
83+6 I +3 (0+¢
117 1 +3 13+

LAB Authons)

LRL
LRL
ANL
LRL
LRL
LRL
LRL
LRL
LRL
ANL
LRL
LRL
WR
LRL
GA

aNL
GA

GA

ANL

BOWMANS
BAGLAN«+
TOOHEY+
BAGLANS
BAGLANS«
BOWMAN+
BOWMAN«
BAGLAN
WEILSS
JACKSON
BOWMANS+
BAGLANS
WINHOLD+
BERMANS+
SUND«
JACKSON
SUNDe
SUNDe
BOLLINGER

Source

PRL 25 1302
PR 3 Cc672

PR 6 Cls40
NCSAC 33 106
PR 3 Cc672
WASH 1127 96
PRL 23 796
UCRL 50902
NCSac 31 102
NCSAC 33 8
PRL 25 1302
PR 3 C2u75
AERE PR/NP 16
PRL 17 761
NESaCc 31 68
NESAC 33 12
Nesac 31 68
MCSAC 31 68

Year

N70
271
072
D70
271
L69
069
870
570
D70
N70
671
869
066
570
p7o0
570
570

66 WASH 2 1064 366

Comments

WG0 AND JPI FOR 21 RESONANCES:
S{60)=(&,0+-3,6)E=5;

SIG(NR)33 ,4 MB AT 40 KEVi

?7 M1 RESONANCES FROM 30 To 860 KEV

TOF: SC+B10: 15-30 NS/M; 135 DEG;

REV OF p0SSIg~S THRSHLD MEASURMMNTS:

— VL -



3.

4,

5.

6.

7.

8.

9.
10,
.
12,
13.
14.
15.
16,
17.
18,
19.
20.
21,
22.
23.
24,
25,
26,
27.
28,
29,
30.

31.
32,
33.
34.
35.
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