KFKI 15/1963

HIVESTIGATIONS ON GAMMA-TRANSITIONS IN THE /2sld/ SHELL

|.Berkes, |I.Demeter, I.Dézsi. llona Fodor, L.Keszthelyi

Central Research. Institute for Physics, Budapest

1963



2017
N3patenbckaa rpynna

LIeHTpasibHOro MHCTUTYTa (IM3NYECKUX WUCCMIef0BaHNIA
BeHrepckoil Axagemun Hayk
Bypanewr HA, n/a A9

TexH.pefakTop: 3.MecTep Tupax: 200 3K3.
16/1X 1963
Published by
the
Publishing Group of the Central Research Institute for Physics
of the

Hungarian Academy of Sciences
Budapest 114, POB AO9.
Techn.Editor: E.Meszter Ho.of copies: 200
16.Sept.1963.



INYESTIGATIONS ON GAMMA-TRANSITIONS IN THE /2sld/ SHELL

I.Berkes, |I.Demeter, 1.Dézsi, llona Fodor, L.Keszthelyi
Central Research Institute for Physics, Budapest

The attraction of the study of the /2sld/ shell nuclei for
nuclear spectroscopy is twofold, first, the coupling within an individual
nucleus in this range is usually neither pure /LS/ nor pure /JJ/ and
various intex'medlate coupling schemes are encountered from nucleus to
nucleus, second, that the nuclei in the central region are deformed and
they exhibit collective nuclear properties. These points of interest have
stimulated also at our group a number of experimental investigations of
the excited .levels in /2sld/ shell nuclei, such as Ne”°, Mg", , SN
and 42.

An ali’eady long established method for getting some information
on nuclear structure is the analysis of the gamma-radiation emitted by the
excited nucleus. This information, however, can be used for inferring the
nature of the transition, only with the knowledge of its multipolarity,
lifetime and decay scheme, the knowledge of multipolarity implying frequent-
ly also the knowledge of the spin and parity assignments to the initial
and final states of the nucleus. In other words, one has to determine the
energy, multipolarity and partial level width of the individual decays.

To obtain some approximate orientation on the level structure, these
partial level widths have then to be compared with the Weisskopf-estimate
predicted from the extreme single particle transition approach.

Let us consider-, for instance, the nucleus Ne201 The levels
at 17,196 MeV and at 13,311 MeV have equally spin and parity 1+. Now, the
experimental results obtained at our Laboratory and by other authors as
well, show for the 13,196 MeV level a broad level width of alpha-transit-
ion and a low probability of proton scattering and /p, gamma/ reaction
111, 121, 13/» while for the 13,311 MeV level gamma-decay is more favour-
ed, than in the former case, and so is the probability of proton scattex*-
ing too* on the other hand, alpha-decay is 1e33 probable. /The partial
level width of gamma-transition is, for instance, 0,8.10_P W.u. at the
134096 MeV level and ?.10- ™ W.u. at the 13,511 MeV level/. One attempts
to interpret this interesting observation qualitatively by assuming a
cluster configuration of the excited levels in Ne . The nucleus is as-
sumed to spend the time at both levels mostly, say, An acO” + alpha
cluster state with a temporary onset of F1™ + p /single particle/ states.
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"fi-i clastic proton scattering aa well as tho M radiation are favoured by
the )j' + p state, thus the probability of the onset of tho two kinds of
states may explain tho different transition probabilities.

Although both levels in question, havim; spin and parity 14,
may decay by Ml transition either to tho 0+ ground state or to the ii+
first excited level in Ne"®, the reduced level width of the transition to
Lite first excited level is for trio 1;>™I1 MV level 4S0 times, for the
15,196 MeV level as the lowest limit, more than 6 times that of tho
transition to the ground state. This state of things cannot bo accounted
for by any selection rule following from the configurations of the shell
model assumed to have /,j,j/ coupling /,>/» On tho other hand, tho P1Vd,n/
N**° reaction cross section at the first eveltod level in No' is from 6
to 10 times that of the ncighbouring levels /1/. Tills suggest:.! that oven
the first excited level in Ne'~ may be of the F‘¢ + p typo and since there
1b a higher probability of transition between states of airnil.an corifigu
Gtion, this would explain the atrange behaviour of Wo" /[4/. Yet, it is
still questionable whether the assumption of this, or any other nucleon-
Hssooiution is uu approach capable of yielding results In quantitative
agreement with tho experimental observations.

The average structure of the /2ald/ shell can be inferred
from the complete set of a groat number of available data. The inform-
ation available to date on the gamma-iransit.i oils is presented in a tabu-
lated form in the Appendix. /Pig.!/ /As compared with the compilation of
A.M.Lane /5/ recent data have been added, wuilo some, not unambiguous ex-
perimental values have been omitted./ The available data can be used for
plotting the frequency distribution of tho reduced level, widths for tho
KIl, M and L2 type radiations /Fig.2 and y/.

Let ua now compare these distribution curves with a similar
analysis carried out by Wilkinson, fo" tho /ip/ shell /b/, ly/.

Defining the expectation value of the transition probability
ua

I'Fjif , X-1' toy iMil*
1 lI Li

whom Jij in the number of examples. In Table 1. wo have Listed for com-
parison the values both for the /\y/ and for tin- //1;bl/ siiNll:
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Table 1.

Radiation /1b/ shell /2s]d/ shell
type examples 1M- examples 1Mmf
K1 63 0,033 18 0,003
Mi 43 0,13 33 0,035
E 2 13 3 25 3,3

Average reduced level widths for Jill, Ml and K2 transitions.

It is striking that in the /2sld/ shell magnetic and electric
dipole radiations seem to be 5 and 20 times as strongly forbidden, re-
spectively, as in the /1p/ shell. It is also interesting to note that,
though the data on the /Ip/-ahei.l were reported three years earlier, about
four times as much data ana available for hi transition in. the /1p/ as for
the /2sld/ shell. This can be explained partly by that the excited states
have rather often /a, d/ configuration in which electric dipolo transi fe
lons are forbidden by the parity selection rule, partly by that, owing to
the higher number of nucleons in the /2s.ld/ shell, residual interactions
are .'Likely to produce nucleon clusters slowing down, the dipole radiation
favoured by single particle transitions. The same accelerating effect s
observed for the K2 radiation us in the /1p/ shell, the reason for this
may lie also here in. the collective nuclear proper!ics.

The known configurations in Ur; /1p/ shell have boon used by
Wilkinson for estimating tho distribution function to be expected from
the single particle model and this was compared wlih the experimental
histogram. Unfortunately, in lack of a satisfactory approach of the con
figurations .in the /2sld/ shell, this method cannot, be used, presently.

For the disintegrations considered up to present, a complete
set of the required experimental data is availabJr. In monl. oases, how-
ever, owing both to experimental difficulties and evaluation problems
/e.g. a given angular correlation may occur for several, spin .uni parity
values in the case of different mixing parameters/, only a f.w data can
be determined. Nevertheless, oven a restricted number of data may suggest
interesting qualitative interpretations.

The lower levels in are known to display a woLl defined
rotational spectrum. Considering the decay schemes, the first six levels
can be classed into two rotational band /Fig.4/. The highly excited levels
in Mg44 produced in the Na”/p,gamma/Mg'™'4 reaction have been, investigated
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by Glaudemans and Endt, further by Prosper et, al. /9/, /10/. The main
cascades in the disintegrations from the .levels above 11,988 MeV excit-
ation energy are of the Ee—1,j>7—0 and KO0— 4»23—0'" ~ typo and the
latter is much more intensive than would bo exported from the single
particle model. Prosser et a.l. observed even two levels decaying not to
the 4,23 but to the 4,12 MeV level. In this case, however, the transit-
ions to the 2+ spin and parity first excited level were found to be poor
/transition to the ground state did not occur at all/, therefore, the
authors assumed the level spin to be 4*

The lowest known resonance for the I\/Bp\</p,gam:na/Mgp/ reaction
is at Ep = 250 keV proton energy. Up to present but the gamma-yield of
this resonance, exciting the 11,933 MeV level, has been known. This re-
sonance was investigated by our group with the use of the loo~200yuA in-
tensity ion current produced by the 800 kV Cockcroft-Walton particle ac-
celerator. The gamma-spectra were measured by 3x3" NaJ/T.L/ + Dumond 6,363
photomultiplier and analysed on a 100-channel pulse height analyser. The
high energy part of the pulse height spectrum is shown in Fig. 5/u, the
low energy component in Fig. 5/b. It follows from the energy calibration
that the decay of the 11,933 MeV level occurs mainly by transition to the
1,32 MV first excitation level with a simultaneous but less intensive
appearance of another cascade. The transition in this 13-2.0 % intensity
cascade, however, is not to the 4,23 MeV but to the 4,12 MeV level. /In
the meantime this decay scheme has been determined more accurately by
Glaudemans and Endt /9/-/ Here, the higher intensity E —1,37—0 transit-
ion, however, does not suggest spin and parity 4+ like in the case of the
12,640 and 13,053 MeV levels. We have found from angular distribution
measurements that the angular distribution coefficients of the .10,3 MV
radiation can be described by the Legendre coefficients a0 - -0,19 + 0,02
and a® = 0,14 + 0,03 while for the 7,75 MV transition by ti-j - -0,04+0,06
and a 0,05 = 0,13. These coefficients imply the spin und parity of the
11, 933 MeV level to be either 2+ or 3+*

Let us now compare the levels 11,933 MeV and 11,988 MeV! It is
seen that either of the spin values 2 and 3 would allow Ml typo transitions
for both the 11,933—1.37 arid the 11,933—4,23 decay. The Intensity of the
latter, however, if it can be detected ut all, must be, according to our
experiments, less than 1,5 % The transition ratio 11,933—1,3? to
11.933—4,14 corresponds to the Wocisakopf estimate. On the other hand, the
transition from the 2+ spin and parity, 11,983 MV level to the 4,23 MV
level is of 30 % higher intensity than that to the 1,37 MV level and such
is tho cuse, as it has been already mentioned, for several higher energy
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levels boo. One may assume these levels to belong, forlinstance, to the
rotational band K= 2 /Pig. 4/ and this would explain for instance the
abundant population of the 4,25 MyV /K = 2/ level. The 11,953 MV level,
on the other hand, may be of the K = 0 class, though it can be classed
also as a single particle state.

Further conclusions could be drawn only if the multipolarity
of the transitions as well as the absolute values of the partial level
widths were known. Nevertheless we hope that above considerations are suf-
ficient for attracting the interest of theoreticians dealing with light
nuclei to some of the basic problems yet to be solved.
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ExoT pies

Fig. (.

Histogram of the distribution of tbs partial widths for El transit
ions in the nuclei of the /2sld/ shell. |[M|™ - rr/rw , where I'w
are Weisskopf units with == = 1,2 f . The shaded area represents
transitions that may violate the isotopic spin selection rule.



P/téVU 0,0

Histonrsa of the distribution of the partial widths for Ml trans-
itions in the nuclei of the /2sld/ shell. \b\r =W/Iw where ilv
are Weisskopf units with rc = 1,2f . The dashed lines represent
transitions where the multpoiarity is not directly determined only
supposed that I'n, »l~e2 ./ Values in the columns 6 and 8 of the
Table in the Appendix in brackets./

fig. 2.
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Histogram of the distribution of the partial widths for B2 trans-
itions in the nuclei of the /2sid/ shell- |M*“ =i't/fw , where
fw are Weissicpf units with r, = 1,2 f .
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27, A
Pulse height spectrum for the Na '|Abgamma/MgIO reaction on
Ep = 250 keV
a/ high energy spectrum



Pulse height spectrim
for the Pan"/p ,gamma/Hg*®
reaction on ED = 250 he?

b/ 1ot energy spectrum.

—+ 1 1
SO 90 <00
Fig. 5/ Channel number
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APPENDIX

In the following appendix data available on the gamma-
transitions in the /2sld/ shell nuclei are summarized. The compil-
ation 1-3 is given as reference for data taken from them. In list-
ing the data we have been guided by following rules;

1/ Since the data listed ai'e the partial level width of given trans-
itions, the lifetimes are converted everywhere to level widths.
The partial level widths are given only for higher intensity or
highest energy radiations in known decay schemes. Upper limits
of the level widths or transitions where the spin and parity of
the initial or final state could not be assigned, are in general
not listed.

2/ In the case when Ty has been calculated from the yield of /p, 1/
reactions with the use of Mlp»ly i.e.rp~Tt approximation, only
the resonances at E > 750 keV are considered.

3/ For Ml type Transitions where the type of radiation does not
follow strictly from a selection rule or has not been experimental-
ly confirmed, tho data in the "Transition type™ and |M columns
are In brackets. In Pig.2 dashed ‘lines are used for these plots.

4/ The values reported in the literature are subjected to criticism
only if there is a great difference between various experimental
results.

3/ The approximate cut-off date of this compilation is June 1, 1963.
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|
eV

Nucl. Ei*V 4 v keV o Trans- _ Weisskopf  Ref
ition [jft —f units
type IMI 2
oL7 871+ 4 1/2+ 0 5/2+ E2 (1,8+0,7).10-6 2 1
F17 500+ 5 1/2+ 0 (5/2%) (1,5+0,4).10-8 1
018 1983 2+ 0 0+ E2 (1,2+0,2).10-4 25 Li 63
3633 0+ 1983 2+ E2 (1,5+0,5) .10+ 7,8 Li 63
3921 2+ 1983 2+ 29001 (3 + 1) .lo~3 0,02 Li 63
f18 940 (34 0 1+ (3,8+0,6) .10-4 Li 63
1043 ©; 0 1+ 2,2 10"3 3
1085 (54 940 (34, E2 (2,4+0,6).10-9 1t Li 63
1700 1+ 0o i+ (M) (0,7+0,4) .10-4 (i0-3) Li 63
1043 0+ M (1,6+0,8) .10-4 0,04 Li 63
2104 @+) 0 1+ (2 +0,6).10-4
940 (34 (2,3+0,7).10“4 Li 63
2525 (3+) 0 i+ (3 +0,5).10~4 Li 63
940 0+ (0,8+0,2).10“4 Li 63
oL9 96+11  3/r \// 0 Jw MEL (2,6+0,4).10-7 1
F19 109,87+0,04 1/2" 0o I/2+ El @,5+1,1) no«7 0.a.nT13 1
198+ 1 (5/24) 0 1/2+ E2 (3,7+0,7) .10~9 4,6 1
7700 3/2+ 0 1/2+ M 4,7 0,5 Ba 63
Nel? 241+ 4 (5/2%) 0 1/2+ (2,5+0,2) .10~8 1
Ne20 1632+ 4 2+ 0 0+ E2 (6 +2,5).10“4 15 1
«9000 1+ 0 0+ M 7,1 0,5 Ba 63
*13000 1+. 0 0+ M 16,6 0,35 Ba 63
13196 1+ 1632 2+ (MI) 0,28+0,06 (0,8.10-2 Be 63
13332 1+ 0 0+ M 0,05+0,02 1,2.1CB Be 63
1632 2+ (mi) 0,42+0,04 (1,4.1er2 Be 63
1 3440 2" 1632 2+ El 12 +1,5 1,5.10™ Be 63
1 5511 1+ 0 2+ (M) 1,0 10-2 (1 .iO4)Ka 60
1632 2+ (MI) 2,2 (6.7.10-2
13703 2« 1632 2+ El 1,1+0,4 1,2.10-3 1
14154 2~ 1632 2+ El 4 +0,7 4 .10*3 1 gj54
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Nucl.

Na22
Na25

Na24
Mg24

M325

Al2n

P keV 4 'lii
4 Xi
587+ 4 i+, 0
459,2+0,8 5/2+
4600 3/2+
6100 1/2 +
9400 1/2
475+ 5 1+
1367£+0,2 2+
Aa10500
11000 1+
12338 3+
12552 1+
12671 27
12809 2+
12819 1+
1 5033 3+
| 3063 4+
.14000 1+
584+ 4 1/2 +
1611+ 4 (7/2) +
455+ 2 1/2 +
3077+6 3/2"
3720 712"
3840 1/2"

KEKI 1467/

P keV

O O O O O o o o o

1370
4230

4230
1370
4230

1370

4230
4230
4120

© o o o

455

1810
455

I If

3+, 0
3/2+
3/2*
3/2+
3/2+
4+
0+
0+
0+
2+
2+
0+
2+
2+
2+
0+
2+
0+
2+
2+
4+
0+
5/2+
5/2+
5/2+
5/2+
1/2 +
5/2+
5/2+
1/2 +

Trans-
ition
type

(M1)
M
M

(m3)
E2
(MI)
M
(M)
(M)
M
H
El
El
E2
(M)
M
(mi)
(mi)

M
E2
M
E2
El
El
El
El
El

eV
yr—r

(I »7+0,1) .io"7
(3,5t0,6) .i0o"4
0,43

1,4
2,0+0,5

@,31+0,05) .1014

(3,8+0,6) .104
~ 100
21
0,12
0,4
1,04
0,41
0,56
2,4
0,66
0,24
2,4
1,6
2,1
7,5
15,8
(1,3+0,1).10"7
(2,7+0,7).10"2
(2,4+0,1).10"7
(1,4+0,3).10%2
(e,6+1,6).i0-2
[3,6+0,6).i0"3
(6,4+1,4).10"3
0,15+0,03

Weisskopf

units
IM12

(0,2)
0,22
0,28

(0,38)
25
N )

0,7
(4,5.10-2)
3,3.i0"2)
3,4.10"2
(3,4.10"2)
8 . 10"4
6 . 10"2
0,94
6,3.10"2
6 . 10"2
1.2.10"1
(0.17)
(0,62)
0,29
0,65
0,3

4
7.10"4
8,10"2
1,2.10"4
1,7.10-2
6.10-2

Ba
Pr
Pr
Pr
Pr
Pr
Pr
Pr
Pr
Pr
Pr
Pr
Pr
Ba

N DD DD DN NN

63
62
62
62
62
62
62
62
62
62
62
62
62
63



Nilcl.

@
Al°

Al2b
Al27

Al28
Si28

8i2*
P;-9

p31

E LktiVv

3880

1220

4390
1803+10
418+1,4
842
1013
2212
2976
8963
31,2+0,4
1772+ 3
11600
12067
12171
1.2190
12235

12445
12471
12722
1277+ 4

2425+ 4
4342

4705
1265+3

KffKl 14S7/]

5/2+

3/ +

5/2+
2+
3+
1/ 2+
3/2+
3/2"
3/2
3/i4)
2+
2+
1+
2+
4+
3
2+

2+

4+

2+
3/2+

3/2+
3/2¢
172 +
3/2+

949

949
436
949
949

O O O O o O O o o o o

6270
1772
1772
9380

1772

o o O o

3/2+
3/2+

3/ >+

3/2+
3/2+
0+
5+
3/2+
5/2+
5/2+
3/2+
3/-+

+

J

0+
0+
0+
3+
2+
2+
2+
0+
2+
0+

J/2+

L/2+
1/2+
1/2*
1/2 +

v

"1143)1.0-
11;ion.
b.ype

El
(ML)
i M)
(Mi)
(m.)
(41)
I
K2
E2
90%4M 1
El

» (mi)
E2
M
E2

(M)
El
04?2®n.
(MI)
E2
E2
E2
96%0M\

M
El

94%4VU.

Y
(¥1--1

0,50+0,06
(4,6+0,8).10 4
(5,8+0,6).10“2
0,18+0,03
0,14+0,03
(5,9+0,3) 10"2
(7,6+1,6) .10"4
(5,7+0,2) ,10~7
(1,4+0,3) .i0"--’
(2,3+1). 104
1,3 . 10%;i

10
0,81 + 0,05
(2,0+0,2). IC*7
(7,6+1,3).10“4

47

0,14

0,01

0,64

0,44

0,32-

0,4

0,9

1,5

3 . 10-2

2,2.10" 2
1,0+0,3

0,43+0,08
1,5.10~-J

Woiaskopf Ref.

U yO
IMI2
2.10%2 2
4.10-5 0
(0,011) 2
0, 15) 0
0,2 2
0,04) 2
13 2
9,3 2
7 2
1,2.10“2 2

2,3.10“" Bo 62

Bo 62

Op 62
@4,4.10°2 2
13 2
1,56 5

0,15 2,8m 62
2,3.10“") 2,Sin 62
1,2.10“* 8,Sm 62
1,1.10“2 8,8m 68

0,63 2,Srn 62

0.33 8m 62
1,28 Sm 62
1 anm 62

Bo 62
0.1 Me 61

7,8.10"2  Bo 62

3.10"2 2

0,22 2
2, M 61

0.6 Bo 62



ti. kfcvV

P3i 2232
5155

~600
7886
7954

8021

80.58

89 QO

S*#  22.36
5700

8500

10696
10826
10917
11400

Cl34 145
CI35 72.50

7545
Ci3y 671+5
AW 151679
A4° 2150
Kae° 29,7+0,7
Ca4® 5750 + 4
9870
L0500

KFKI 14P>7/,5

1,“1
5/2+
5/2+

5/ 2+
J.12+
5/2+

5/2+

5/2+

5/2+
2+
1+
1+
1

14

5+
5/2+

712

or

5/2+

0+
5«
5~
2+

2+

Elkev

0
0

1265
0
0
0
0
0
0
0
0
0
0
0
0

1220
5165
0
0
1462
0

0
0
0

I IC

1/ 2+
1/ 2+

1/ 2+
1/ 2+
1/2+
1/2+
1/2+
/2 +
N2+
o+
0+
0+
0+
0+
ol
0+
0+
5/2+
/2 +
7/2¢
o
7/2¢
2+
4%
0+
0+
0+

‘Irans-
It lon

t.ype
E2
96%dviL

M
M
(M1)
(M1)
E2
(mi)
M
E2
M
M
El
El
El
M
V3

99/eMI
E2

M
N

E2
M
E5
E2
E2

eV Weisskopf

r»i —f units
IMI2

10~3 4
2,2.10 i 5.10“2

0,29 0,25
1,52+0,12 0,15
(6+1). 10-3 (>.10-5
(e+i). 10~3 i,5.10~3)

(5+1). HO“3 5.5/10"2

0,14+0,01 i-,5.10“2)
4,0 0,26
2 +0,5.10-3 3
0,76 0,20
55 0,26
12 1,5.i0_2
0,7 102
1,5 1,8.10%3
14,2 0,40

(g,5+0,8). KJ'38 6,5
0,055 8,5.10-3
0,012 0,5
0,1 (4,6.10"2)

(4,5+1).10~i6

(2,4+0,1).10-7 0,12

(1,4+0,5).10~3 1400

(1,2+0,1) .io-7 5

(6,4+0,5>10-6 160

0,80+0,26 1,7
5,6 +0,24 5

H

2,80

2,Bo
Br

Ba

Bu
2,Ba
Ba
Ba
2,Ta
2,Pa
2,Pa

fia

ef.

62

62
58

65
O
O
2
2
2

65

65

65

65

55

55

55
65



1/

2/

3/

Ba

Be

Bo
Br

Si

528

63

6?

62
58

61
60

i 63

61
60
62
55

62

62

54

62

63
62
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