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SYSTEMATIC STUDY ON NUCLEAR RESONANT SCATTERING

A. A Suam and M L B. C. Fnittt

ABSTRACT

W r«tott*m xmtf 09 «tract* o* iM-rmi neutron caoturtgamma ray» from T and Ft
on 5b. Cu. St and Ci targets The«e retu't» together «nth thoK pubi<sntd Ov otMr autnorseresummar>»o
end d'Kiimcl m ttrrm of a poeubie •ystannat>c i w c h for new rnonant «cattermg affect*.

I NTRODUCTION

The scattering of photons by nuclei is. and will be in the next future, an interesting and
promissing research fieid in nuclear stiucture physics

Specially the development of an experimental arrangement which parmits the use of a
reactor as a monochromatic gamma source of high intensity has improved appreciably the
experimental techniques in photon scattering, physics19 1 8 > The main physical information and
insight into the structure of nuclei subject to investigation by photons can be divided into the
following groups:

1) detailed structure of nuclear levels having appreciable strenght to the ground state
via low excited states

2) as a tool for the experimentalists to test nuclear models in high energy region of
excitation

3) the coupling of giant multipole resonances to low energetic collective modes
{collective correlations of nucleons)

While unbound nuclear levels can be populated using particle capture reactions, highy
excited bound levels in stable nuclei can be conveniently reached through the electromagnetic
interaction between the photons of the incident gamma beam and the nucleus

The nuclear level spacing is usually small in the vicinity of the neutron threshold and
requires an incident radiation with a narrow energy band (a few eV's) to permit the excitation
of isolated levels. Such nearly monoenergetic gamma lines are obtained in the (n,>) reaction
using thermal neutrons. This method has been used extensively in the iast decade to excite
bound levels in a wide variety of nuclei

Although this method is based on an accidental overlap in energy between on cf the lines
in the spectrum of the incident radiation and a level in the target nucleus, a large number of
resonant levels have been detected so far

Fundamentally the experimental metfiod consists of measurements of the effective elastic
crow section, angular distribution, temperature dependence of the intensity of scattered
radiation and a measurement of the self absorption of the particular gamma line

The** measurements provide information for the calculation of the total and partial



radioactive widths of the resonant levels, making use of the experimentally determined

branching ratios of the inelastic transitions to low lying levels as seen from the spectrum of the

scattered radiation

Even more, infoimations can be obtained also about the low lying levels of the stable

scatte.er nucleus

The angular distribution of the resonant scattered radiation depends on ihe sp»ns of the
energy levels involved and the muttipolanty of radiation So, the angular dependence of the
scattering differential cross section W(0rL.J« J , I, can be calculated by using standard angular
correlation procedures Here B is the scattering angle. L is the multipoiarity of the radiation.
6 = (intensity of the L + 1 radiation)/(mtensiTy of the L radiation), J o is the ground stata spin,
and J| the excited state spin of the nucleus

The development oi experimental arrangements and the consequences from them have
improved rapidly in the past oecane in sucr * way that would be seemed to us an opportune
time to review ail the data obtained until now The results obtained in the present work, so as
those published previously are discussed in this paper

experimental Arrangement

The experimental facilities for resonance scattering of gamma rays at the I E A R - 1 reactor
have been described previously by F G Bianchim'10 n > The gamma source in this
experimental arrangement is placed in the reactor core as it is shown in figure 1 since it was
described in reference 50, the neutron density increases in the limits of the reactor core when
graphite or water ate used as reflectors
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With mi» arrangement a neutron density of about 6 x 10 1 ' n/cm1 • avertable in the
target position Another advantage •« that the exchangt ot target» n made without demount th»
ccMi.mator system and the handling of the very active source * made m safety condition» unce
»t is 10 meter» deep in the moderator of the reactor. A snail co Uammetion exists in the gamma
beam w»th the 7724 KeV line of aluminium from the structural material of the reactor cora.
This however contributes with less than 1% of the main line of the target in the incident
spectra

This new gamma source arrangement into the reactor core at it wai showed by

Bianchtni1"", has at least one order of magnitude higher gamma fluxes on the «atterer

position than with other existing arrangement»

The resulting gammas produced in the target art colltmated. at it u snowed m figures 2
and 3, and filtered in a special way in order to remove fission neutron» which enter into the
beam direction The thermal neutron flux was determined to be ten than 60n/cnv sec which h
the limit of sensibility of the method utilized

The high energy scattered spectra is measured with a 42 5 cm1 Ge(Li) de* tor shielded
from the room background radiation by 15 cm of («ad The spectra is obtameo on a
4096 channel analyser and the data reduction of the spectra and the various catcuietwne are
done by standard computer techniques

Trm Ge(Li) is fitted into a graduated rotating arm pivoted around a perpendicular ->xit
passing through the scatterer

The design of the system permitted the variation ot the distance between the detector
and tne scatterer as well as the one from tt>» scatterer to the reactor shielding wait

Through s long run, the intensity of the incident gamnm beam « m monitored by
detecting the neutron flux close to the target in the reactor core by using a neutron detector
from the firma Reuter Stokes (Canada) type RSW 20-2MI. The sensibility of such detector waa
2 4 x 10 ° Amp/nv

This procedure is necessary when precise intensity measurements ere required such as in
self absorption and angular distribution experiments

Experimental Results

In this work some resonant levels were found in antimony, copper, selenium end cerium
using sources of titanium and iron

The gamma sources were produced by neutron capture in separated ptetes of natural
titanium given a total weight of 4630 o • W natural iron with 7300 g, ptaed ioaide a double
sized fuel element container Dttaiht of the experimental system ware publlehod
previous'y < * °> The energy resolution erf the Gel Li) was about 10 kev for the 0781 keV line of
titanium

Figure 4 shows the high energy part (if tt. scattered spectrum from a natural copper m
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well ai the direct spectrum from trie titanium target

The resonant scattering of capture gamma rays from a Tt source on copper ha» been
observed previously by other groups *S1 2 ' 6 4 5 | Due to tfie use of Nal detectors it was not
possible to distinguish unambiguously from which gamma ray the resonance comes

In references l 5 i J " n a S I it was supposed to be the weak 6 0? MeV transition from Ti
the responsible for the resonance scattering observed on * ' Cu and * * Cu with a calculated cross
sactton around 220 mb and 440 mb respectively Toumbev'64', still using a Nal detector
supposed to be the strong 6 41 MeV transition :ne origin of this resonance and calculated a
cross section of 16 6 mb Due to the fact that such calculations are so dependent of the
hypothesis from which gamma ray the resonance comes, we perfomed an experiment in the
gamma scattering facility of the IEAR 1 reactor of S Paulo using a Ge-Li detector From
figure 4 it is possible to observe that the resonant energy is the weak 6 557 MeV line instead of
the 6 07 or 6 417 MeV lines

It was observed *ome lines >n the spectrum of gemma rays scattered elastically and
inetjsticalty from a target of Sb when we were using a titanium gamma source

The proposed decay scheme for the 6761 KeV level of l 7 3 Sb is shown in figure 5
together with the schemes of Cu and Se The partial decay scheme of Sb is based on few lines
which fits immediately to the known levels of Sb

In figure 6 it is showed the angular distribution from the gamma rays scattered elastic and
inelasticaly by Sb where it was possible to identify the isotope responsible for the resonance
scattering

!n table I is aimed to be displayed all results obtained until now since the first paper on
resonance scattering of capture gemma rays made by Fleischman*18' appeared or at least the
most important papers were related m this table Small fluctuations on the energies of some
gamma ray sources were permited without any correction by us since we cannot be held the
reeponsabtlity for discrepancies other than our own contributions

If we take a close look into the literature, the amount of papers which makes a complete
study of the nuclides m question is negligible Many of those previous papers were done by
using Nal detectors or were done only in order to search for new resonances without any
intention to make a deeply study of the scatterer nuclide f o, much work has to be done until a
deeply systematic of the data can be made It also happens sometimes that not all of the
measurable resonance have enough intensity to permit accurate studies of level schemes and
resonance level parameters Much of the experimental difficulty is due also to the high level of
background caused mainly by multiple electronic scattering from the in tens/, gamma rays
belonging to the source material As it nas been observed by Y Kawarasaki127' the application
of weak lines as a monochromatic beam of neutron-capture gamma rays would provide more
information on highly excited levels near neutron threshold, because there remain many untried
«mitten and, hence, many monochromatic lines

For instance we could use Cd as a gamma source since it is plenty of lines and, by proper
choosing of the geometry a large amount of Cd could be put m the source position
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Special attention should also be devoted to m« methods utilized in the calculations «nee
much of the discrepancies come* from the critenum utilized in the approximation* Only in a
very few cases the nuclear level can be approximated by a pure Doppler form and so in the
most of the cases the Doppter broadened shape of a gamma line has to be calculated accurately
for Quant'tative analysis

In figure 7 >t is shown the average branching ratio versus the resonant energy for those

nucfides of table I where tt was possible to identify the resonant isotope. As it can be seen, the

branching ratio seems to decrease slowly as the excitation energy incraaan.

In figure 8 <t is displayed the number of resonances observed in each element and we can
observe clearly the magic number structure Thts picture serves also as a suggestion to find new
resonant elements We can see ciearty in it that is highly probable to find new resonant levels in
the region of 20, 28 and 50 neutron closed shells as in the 28 proton closed shell Also. Indium
is a high probable candidate to display new resonances effects

As was t r a i n e d by Ben Da**) ' 9 ' the low density of tow lying leveli >n the region of
closed shells 'educes the probability of a dipole transit ton to an excited state, thus giving a
ground state branching ratio Po T close to unit for highly excited states below the neuron
emission threshold For nuclei far from closed shells this branching ratio is usually much less
than unity, which greatly reduces the scattering cross section, and therefore the probability of
observing resonant scattering from these nuclei

In figurp 9 it is shown the elements which presents some resonant effect against the
gamma sources What is curious from this figure is that in spite of the rather small amount of
data collected exist the aglomerate of resonances observed involving the magic numbers either
f o m the scatierer element or the gamma source

RESUMO

> O ' J T ooM'»ados novot ettic» CM ensinamento -evwum* at -«a i gama oc captu.a <J» neut<on
•i m cos 0o ' • t fe em B'VOJ oe St> Co Se e Ce Estes 'eu»»<X>s iun'amen-e com <*. J«I«« put* caoot ̂ o<

i wo e'ac CKIÍOO» » «incut do» «m tar mot de uma iX>M>*f> pe*Qu<ta 11 BTI«' .J J * no»oie'«io»

RESUME

On a oDsarvae o «Me1» nouveat** oe >a <Mtu*on pa« resonance da* 'syont gamma <** captue da*
neutron* 'ems <* f. ei f e «o cU'tt oe Sb Cu Se at Ca Cat •etuitat» am mame tamps cue caw* putt'S* pa»
daucet auteu't torn aoponne' oeoer>ten te»mei o une po*»>DM racrwcnatytrsrnariqua a tt tea nouvaav*
da 13 arfuvoft <ae< <eion«nce
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60
8

11
5

1?
12
21
5.6

J
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C0

z

29
29
29
29
29
29
29
29
29
29

29
29
29
29
39
39
29
29
30
30
30
30
30

Scattarcr

Cu
Cu
Cu
Cu
Cu
Cu
Cu
Cu
Cu
Cu

Cu
Cu
Cu
Cu
Cu
Cu
Cu
Cu
Zn
Zn
Zn
Zn
Zn

A

63
63
65

63
65
65

•

63
66
65
63
65
65
65

-

66
66

Gamma
Source

Cr

Cr
C'
Cr
Cr
Cr
Cr
Cr
Cr
Ti

TI

Ti

Ti
Ti

TI

TI
TI

Ti

Ft
Mi
Ni
Ni
NI

E^MaV)

8.500
8500
8 500
8499
8 499
8 499
8 484
8 4*9
793»
6 550

6 41
6 07
6 0 7
6 07
6 0 7
6.07
6 07
6.07
7.279
8119
7.696
7696
7696

Po(tV)

0 26 1 0 08
0 2 8 1 0 0 9
0.94 ±0 29

0 16 10 03
Q 36 1 0 07

0.1810.04
0 34 10.06
0161003
0 36100?

0.1010 02

0 30 ±0 021

0.62 i 0 37
0 58 ±0 34
051 1018
0 54 10.19

0 36010 048
047 10 13

fleV)

86*04
94 107

97 108
9 3 1 0 8

9 2 1 0 8
9 3 1 0 8

~|
Oyyimb)

22 1 7
19 i 6
42 t 13

24
36
80

55

1 6 6 1 3 4
200* 60
4401 130

215 1 71
423H08
2001 00
«40 1 130

13

Comma rm

uri

€

f
f
P
f
f
f
f
f

•

5 6
51
51

8
2
2

13
9

P'Sk»

64
51
61

4
5.6
5.6

21
21
33
8

53
56
54
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2

30
30
30
30
30
31
31

31
31

32
3 2
32
33
33
33
33
34
34

34
34
34
34
34

Scatttn*

Zn
Zn
Zn
Zn
Zn
Gt
Ga
Gt
G t

Gt
G«
Gt
As
As
As
A>
St
St

st
st
st
s t
St

A

.

64

66

69
71
69
74
74
74
-

75
75
75
-
-

78
80
80

Gamma
Sour»

Pb

Pb
Pb

Pb
Pb
Co
Cu

V
V
F t
Fa

Ft
Co

Ft
F t
F t
K
F t

Ni
Ni
Ni

N.
N»

E7IMtV)

738
738
7368
7368
7.368
5976
7306
7310
6.874
6018
6.O18
6018
6 948
7646
7.646
7646
7.76
7.277

7 820
7.820
7.820
7.819
7.817

roitv)

058 ±0 1?

0 22 ±0 02
058 ±0.12

0 048 ±0 077

0 023*0 003
0 023

0 040 ± 0 011
0 041 t o.Oi 1
0 041 ±0011

0 030 ± 0 007

0 78
0 7 1

0 069 ± 0 040

0 46 ±0 06

0 19
0 19

011
0.11

Oil ±005

0 425 ± 0 070
0 33 ±0.09

fiaV)

9 - 1 5

B a OS

6 2 ± 05

4 5 * OS
4 5

741 03
7 4 ± 03

-

33145
33145

33t45

8015

61
61

4 4
4 4

90

50

Comment*

7
6

59
58
5
62
35
35
35
33
43
38
63
33
46
54
8

work
52
56
54
61
8
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I-1

z

38
38
40
40
40
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43

Scatta**

Sr
Sr
Ãr

Z<
Z'
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo

A

86

100

100
100
100
100
100

.

96
100
100
94

100
100
.
96
96

Gamma
Sou'Ct

N
N.
S«
St
St
Co
Co
Cu
Cu
Cu
Cu
Cu
Cu
Cu
F«

H9
Hfl
T i

Ti
T»
T.
Ti
Ti
Ti
T I

E^MtV)

7.820
7.820
8.496
a 496
8 496
5.976
5,660
7,637
7.634
5.451
5.187
5.045
4.903
4.732
7.632
644
6.44
7.168
6.760
6.558
6.418
6.418
6.413
6.413
6.41

0.030 ±0.015

1.68 ±0.02

0.04010.005

012 ±0.04

0.026 ± 0.008
.

0.11 ±0.02

k

ro/r

0.3 ±02
0 292 ± 0.033
0.8 ± 0.2

0.28 ±0ü9

0.15 ±010

-

0.50 ±0 38

0.162 ± 0.097

eUV)

5.60 ±0 16

45 ±05

-
-

4.3 ±0 3

-

Oyytmbí

3050

96 ±15
11

.

25
201 ±37

150 ±15

10
11.2 ±1.4

Com menu

.

K

-

Rtf

54
56
52
30
8 37

63
63
48

8
48
48
48
48
46
33

8
5,6

48
48
48
48
38
8
5.6
4
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z

43
42
43
47
47
48
46
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48

Mo
Ma
Mo

* •
Cd
Cd
Cd
Cd
Cd
Cd
Cd
Cd
Cd
Cd
Cd
Cd
Cd
Cd
Cd
Cd
Cd
Cd
Cd
Cd

A

100
100
100
108

—
—
-
-

110
—
—
—
-

114
-
—
—
—
—

114
114
112
112
112
112

Gtmmt
Sourca

V
V
V

F t
F t

Co
Co
Co
Co
Co
Co
Co
Co
Ft
F t

Ft
F t

Ft
F t
Ft
Ft
Ft
F t
F t
F t

EytMtVI

7.162
6.617
a 465
7.632
6.018
6.990
6,985
6.490
6.486
6.486
6.474
6.279
5.860
7.64
7.64
7.64

7.64
7.64
7.64
7.64
7.64
7.632
7.632
7.632
7.632

_

°-072 ±S:2S
aooi410.0006

-

—
-
—
—
-
-
-

0.20 ± 0 06
-
—

0.22 ±0:02
a22 ±0.06
a20 +O06
0.37 ±0.11

-
0.06

—
0.047 ±0.008

ro/r

0.7
-
_
—
—
—
—
-
—

0.36 ±0.12
-
—

0 46 ± 0.06
O i l ±0.06
0 14 ± 0 06
0.36 ±012

-
—

0.5
—

0 55

ettv)

_

12.8 ±1.2
—

9 ±1
—
—

—
—
_
-
—
-

—
-
—

16 ±?
< 1
< 1

—

< 2
-
—
—

Oyytmb)

110.1 30
-

3 5
_
_
—
—
—
_

110
_
—
—

40
170t 30
287 ± 6
2871 6
180± 10
3001100

—
—
—

196

Comrrwntt

_

—
—
—

—

—

_
—
—
—

G N
N
N
—

—
G
G

—
_

Rtf

48
48
48
33
33
30

63
30
63
52
8.37

63
63
60
16
8,37

31
19
20

5
bt
38
40
12

41
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*8
«8
48
48
49
49
49
50
SO
SO
50
50
50
50
30
50
SO
50
SO

50

50

80

50

Cd

Cd

Cd

Cd

in

in

in

Sn

Sn

Sn

Sn

Sn

Sn

Sn

Sn

Sn

Sn

Sn

Sn

Sn

Sn

Sn

Sn

112
112
112
112

117
117
117
117

118

Souw*

F»

Fa

Ft

F«

Co

Co

Co

Ag

Co

Co

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Ft

Ft

N<

N>

7.632

7.6C?

7632

7.629

6.877

6.275

5.039
6.27

7.491
7214

7.01

7.01

701

7 01

7.0?
6.968

6.988

6.322

4 604

7.646

7.279

8.^98

7 82

0.047 ± 0.001

0.06

0.15 ± 0 04

0.3 ±0 3

05S
0 45

<o.574 ± o.oi y

0.20 ±0 13

06
<0 802 ±0.042

0 096±0 0200 046

48 ±04

36 ±0 7

198

75

1150 1 240

1000

1200 ±400

110

33

23

»3

30

63

63

63

8

63

63

56

2

21

30

8.37

52

12

12

12

33

33

56

9
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z

50
50
50
SO
51
51
51

51
51

51
51

51

51
53
53
53
63
S3
S3
S3
53
53
53

. I

Scatnrtr

Sn
Sn
Sn
Sn
Sb
Sb
Sb

Sb
Sb

Sb
Sb

Sb

Sb
T t
Tt
T t
Tt
T t
T t
T t
T t
T t
T t

A

130

-

-

-
136

130

130
-

130

Qammt
Sou rot

Ni
N i

i < MPb
V

Co
Fê
F t

F t
F t

Hg
Tt

Ti

V
Al
Al
Cl
C»
Cu
Ni
Ni
Ni
N i

Ni

CJMtVI

7696
7696
6 730
6.508
S3S7
7646
7.643

7.633
7.639

6.31
6.418

6.761

7.67
7.737
7.734
7.791
7.791
7 637
8 539
8.536
8.535
8533
7.540

ro(tv>

007 looa
0031001

0.10 ±001

ryr

0596 ± Q 1 O j
058 ±033
088 ±0.08

0.35 ±0 01
0.51 ±0.07

-
0.75 ±0 09
0 41 ±0 07

•

dtvt

1 0 ± 0 3

17 ±2

-

O^mb)

480 i 50
14

6

5 ± 1

12
3

Commtrm

0

•

A

Rt4

66
54
27,57

2
63
23

33
prattm
work
8

prtMffl

work
prwm
work
8

10
56
23
56
56
53
10
10
8

53
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2

S3
62
53
63
S3
S3
52
S3
53
53
57
57
57
«7
57
67
57
57
57
67
57
67
57
67
57

Som. . ,

Ta
Ta
T #

Ta
Ta
Ta
Ta
Ta
T»
I

La
La
La
La
La
La
La
La
La
La
La
L»
La
La
La

A

130
130
130

130
130

127
139

.

139
139
139

139
139
139
139

139
139
-
*

Gamma
Souica

N.
Ni

N.
N.
Ni
N.
Ni

Ni
N-
Co
Ag
A0
C»
O
Ci

Cl

o
Cl

c»
Co
Cu
Cu
Cu
Cu
Cu

E^MtV)

7539
7.538
7.538
7.538
7.538
8.838
6.838
6.7
5 8
6.985
6.540
6.54
a 683
8-582
6-12
6.12
6.116
6-11R
6.112
7.214
7.637
7.837
7.637
7.634
7.170

FoiaVI

0.31 ±0 06

0 06 ±0 01

0.022 ±0 Cl:
0 00910 003

0 047 10 006

ror

0 26 10 02

0 20 10 06

0 044 10 022
*043 10 01

028 ±004

«•vi

6511 3

10 t 1

O^mbí

602190

190

86

10

12

5

36

1

Comment*

H

1

10
23
55
54

8
10
56
8
8

63
23
8

23
6 :
63
8 24

S4
62
23
63
23
66
62

8
23



ICoMmuation

z

57
57
57
57
57
67
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57

Scatter*

La
La
La
La
La
la
La
La
i-a
La
U
La
La
La
La
La
La
La
La
La
La
La
La
La

A

139
139
139
139
139
139
139
139

139
139
139
139
139
139
139
139

-
139
139
139
139
139
139

Gamma

Fa
Fa
Ft
F«
Fa
Mn
Mn
Mn
Mn
Mn
Win
Mn
fca_
Nin
Mn
Mn
Mn
Ni
Ni
Ni
Ni
T I

Ti
T.
Ti

EyIMtVl

7.632
7.279
6.018
6.018
6.018
a 535
7.278
7.166
7.16
a 797
6.429
6.112
6.020
5.961
5.537
5.445
8.536
8.532
8.5?7
6.584
6.760
6.760
6.760
6.754

n m * + 0-0070.026 ± o 003
aO2S 10.008
004 ± a o i

-
-

0.011 10.006

0.60
0.50 t 0.0b
0.52 10.06

-

0.16 ±0.09

8 2 1 0 6

< 8

39

50

6

7

Commimti

-

•

33.47 45
33 42 45
246

42
23
62
62

8
62
62
62
62
62
62
62
23
8

62
23
45
62
54
23
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z

57
57
57
57
57
57
57
58
58
58
58

59
59
59
59
59
89
59
59
58
59
59
59
89

• — "

La
La
La
U
U
i *

La
Ca
Ca
Ca
Ca

Pr
Pr
Pr
Pr
Pr
Pr
Pr
Pr
Pr
Pr
Pr
Pr
Pr

A

139
139
139
139
139
139
139
140
140

141
141
141
141
141
141
141
141
141
141
141
141

r

Gamma
Sou'ca

T i

T I

T.
T.
T.
Tt

T.
Co
Co
Co
Fa

O
Cl
Cl

a
Cl
Cl
Cl
Cl
Co
Co
CO
Co
Cr

EyMtV)

6.418
6.418
6.418
6.413
6.413
6.413
6.41
5.660
5.660
5.640
7846

6,12
8.12
6.12
6.12
6.12
6.12
6.115
6.115
6.877
6.817
6.690
6.111
8.883

ro..vi

a 0 6 3 ± ooio

0.06310.006

0.28 ±0 05

0 011 ±0 003
0.012 ±0 002

aO28 ±0.008
0 029 ±0 006
0.018 ±0 009

-

ro/r

0 78

0 78 ±0 08

0.08 ±0 04

0 95 ±0 06
0 93 ±0 14

«0 600 ±0 032

0 56 ±0.18
0567 ±0.010
0.20 ±0 009

e(tvi

9 5 ±0 5
C 7 +08

47 ±03

4 5 ± 1 0
0 20 ±0 06

142

65

72

1604 í 2 10

190 ± 50
17

103

230
110

110

3
27

Command

-

K

K
J

" "

45

62
06

8
21
5 6
4

66
63

8
praMfit

53
2

24
30

9
8,37

64
49
63.66

8
2

49
4»
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z

59
59
59
59
59
59
59
59
59
59
£9
59
59
59
59
59
59
60
60
60
60
60
60
60
62

Scattarar

Pr
Pr
Pr
Pr

Pr
Pr
Pr
PT

PT

Pr
Pr
Pr

Pr
Pr
Pr
Pr
Pr

Nd
Nd
Nd
Nd
Nd
Nd
Nd
S-n

A

141

141
141
141

141

141

141
141

141

141
141

141
141
141
141
141
141

142
142

144

Gamma
Sourc*

Cr
Cr
Cr

Cu
Cu
Cu
Fa
Fa
Fa
F t

Fa
Fa
Fa
Fa
N»

Sa
Sa

Co
Co
Co
Co
Co
Cu
Fa
Co

E-JM.V»

a 88i
8.881
8.881
7.915
7.256
7.252
7 6 4

7.64
7.639
7632
7.632
7.632
7632
7.629
8997
7188
7 186
6 877
6877
6867
6867
4.944
7.915
7.632
6.706

0 002 ±0 001

0110 ±0.010

0 035 ±0010
0 063 ±0 CM
Q : vu±0 006
U1J* i Q 002

0 275 ±0.060
0.270 ±0 020

0 008 ± 0 003

0 28 t 0 08

0 38 1004

0461015
0 4 8

0 4 6

0 85 + 0 10
0.84 ±0 13

0 24 ± 0 06

daVI

103 ± 0 3
n-4 ±09

124 103

O^lmb)

9 3
1

9

12
4 0

10

20

0 4

80

720 1 130
22
30

Commanti

N
N

C

Rat

26
9
8

66

49
66

8
9
2

66
44
33

23
30

9
49

8
66
63

2
837

63
66

33
63

•"•4
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TaMt 1 Continuation

z

62
62
62
62
62
62
62
67
62
62
66
66
66
68
68
68
72
72
72
73
73
74
74
74
74

Sctttftr

Sm
Sm
Sm
Sm
Sm
Sm
Sm
Sm
Dy
Dy
Dy
Dy
Dy
Er
Er
Er
Hf
Hf

Hf
Ta
Ta
W
W
w
w

A

144

144

150

144
-

-

160

-

-
184
184

-

186

Gamma
Sou'ca

Co
Co
Fa
F t

N
N
N.
N>
CO
Co
Co
Fa
F t

Co
Co
F t

Co
Co
Co
F t

M f l

T i

T I
T i

T i

5.703
5.660
7.646
7.632
8 998
8.S97
8.997
a 997
7 214
6.486
5.660
7.646
7.632
6.706
6.110
7.646
7.066
6-985
5.850
7 .1*
7.26
6.760
6.556
6.418
6.418

1.4310.30
-

rcT

0 22 t 0 05

€(tVI

-

*

2 8
100

1

.

<0 2
07 ±04

< 0 3

Commtnti Raf

63
63
33
33
54

2
8
9

63
63
63
33
33
63
63
33
63
6 3

65
66
6b
39
39
38
39



TaMai

z

74
78
79
79
79

ao
80
80
80
80
80
80
80
80
80
80
80
80
81
81
81
81
81
81
81

Scattarar

Ft
Au
Au
Au
Hg
Hg
Hg
Hg
Hg
Hg
Hg
Hg
Hg
H»
Hg
Hg
Hg
Tl
Tl
Tl
Tl
Tl
Tl
Tl

A

197
—
—
-

202
-

-

-
-
-
-
-
-
-

206

-

-
-

Gamma
Sourea

T.
Ha
Co
Fa
Fa
Co
Co
Co
Co
Cu
Cu
Fa
Fa
Fa
Hg
Hg
Hg
Mo
Cu
Cu
Co
Co
Co
Co
Fa

E ÎMaV»
• I

- * 3
5.99
5.926
7.646
7.632
4.924
4.922
4.906
4.903
4.378
7.91
7.646
7.64
7.632
5.44
5.44
5.44
7.26
7.2S2
7.16
7.214
6.985
5.743
5.070
7.647

0.260 ± 0.020

-

-

-
0.025 ± 0.006

1.0

ro/r

0 9910 15

0.56 ± 0.06

0.8510.17

e(av>

4 2 1 0 5

•

-

•

11.510.2

40

-
580011200

385

204

24113

55
128
76

0 5103

120

Commwntt

K

N

K

R«f

8
8

63
33
33
29
63
52
8,37

63
65
33
65
33

9
2
8

65
66
8.37

63
63
63
63
52
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z

81
81
ai
81
81
81
81
81
81
81
91
81
81
81
81
82
82
82
82
82
82
82
82
82

Scatta*er

T.
Ti

T'
Ti
T I

T I

Ti
TI
TI
T»
Ti
T!
T»
Tl
TI
Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb

A

305
205

305
-

203
203

208
208
208
308

-

-

208

Gamma
Source

Fa
Fa
Fa
Fa
Fa
Fa
F«
Fa
Fa
Fa
Ho
Ti

T.
T4

T.
Ag
AI
AI
AI
AI
Cl
Co
Cu
Fa

EyM«V>

7.646
7.646
7.646
7646
7.646
7.646
7.6*6
7.646
7.64
5.62
5.99
6,418
6.418
6.418
6.413
5.53
6.98
6.98
6.98
6.98
6.98
7.149
7.91
7.64

lp««V)

0 57 ±0 05

0.57 ±0.06
0.56

0.57 ±0.03
2.45

0.063 ± 0.01 b
0.083 ± O.Oi 5

0,86 ±0.10
0 95 ±0.10

0 5 8
0 617 ±0.092

0.581
0 5 9

058 ±006
0.69

0.26 ±0 03
0.26

0.30 ±0.07
0.27 ± 0.03

9 3 ± 0 3

9.3 t o 3

11 6

0.5 t 0.5

10 t 1

11 5 Í 26

574

370

5

100

A
70

1300 t400
2900

1290*60
129O16O

346
1O00
< 0 2

125*20

Comrmmt

N

K

N

He*

8
14
47
23
38
6«
34
13
8 3 7

52
8

se
36
39

8
8

51
2

19
20

2
2

65
66
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z

82
82
82
82
112
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
83

Sctny

Pb
Pb

Pb
Pb

Pb
Pb
Pb

Pb
Pb
Pb

Pb
Pb
Pb

Pb
Pb

Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb
B.

A

208
208
208
208
—
—
—

208
208
208
208
208
208
208
206
—

_
—

208
—

206
—

208
209

Gtmra
SOU'CC
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Comments

Aí Hgh energy component of a complex spectrum
B) The value of i'o «s obtained by using the value of € given in ref 6
C) in the present reference it was not decided which lint of iron (7 639 or 7 646 MeVI is

responsible for the resonance observed
D) The tines of 6 266 and 6 977 MeV were supposed to be elastic only in this reference
t ) The rough estimate of Fo and TQlV were proposed without confinmat.on
F) The correct resonance energy is 6 550 MeV
G) The mass number given m this reference is 114 instead of 112 as proposed by others

authors
H) Is probably an independent level in the complex spectrum of Ni gamma rays on Te
I) May be an inelastic component from 7 528 MeV level in Te
J) Probably a spumous resonance originated from a compound of chlorine in the vicinity of

the gamma source A Wolfetaln ref 39
K) The value of the cross section may be m error due to discrepancies of the 7 ray intensities

reported by Bartholomew and Groshev ref 63
L) Unbound levels
M) The relative Une intensities m this case are due to Groshev and co workers
N) The cross section value wai not corrected for the presence of two lines of 7 629 and

7 643 MeV of equal intensities m spectrum of iron (Groshev ref 63)
0) Rough estimate
P) Probably the 7 310 MeV I me corresponds to a resonance in 7 ' Ga
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