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I. SHELL-MODEL CALCULATION

A. Introduction

A main goal of experimental nuclear structure studies
is to verify or contradict the many hypotheses underlying
various theories of the nucleus. With the great volumes of
experimental data that are being gathered and published, it
has become impossible for the experimentalists to rely
solely on the theorists to compare their experiments with
the theory. 1In fact, it is becoming increasingly clear that
complete theoretical work should accompany experimental
efforts. This allows the development of a more complete
investigation and encourages the determination of the most
pertinent experiments,

The objective of this part of the investigation is to
produce a single model that will adequately compare with the
experlmential energy levels of the 43-proton nucleus 101Tc,
Shell-model calculations by Auerbach and Talmi {7) give a
ground-state wave funct

n cf 88%

.
S o] o
L

{dg/2) *{Py /2 # and

(g9/2)5 for °°Tc. Similar calculations by Vervier (2)

2%
predict the ground-state wave function to be 76%
(99/2)3(p1/z)2 and 24% (g9/2)5. The single-particle shell
model does not produce the large number of low-lying states
that are seen experimentally. The many-particle shell wmodel
produces a large number of low-lying states., 1If this theory

is adequate, the calculation should provide insight into the



vave function construction and spins and parities of the

levels.

1. Ssingle-particle model

The single-particle shell model (SPM) is a
phenomenological model which has had a certain amount of
success in predicting such nuclear properties as
ground-state spins and parities and nuclear magnetic
moments. Tt was formulated by Mayer (3) under the
assumption that the nucleons move independently in an
average, central potential and that the properties of the
lowest states in odd-A nuclei are determined only by the
last unpaired nucleon., The other nucleons are paired to
make no contribution to these properties and the average,
central potential is equivalent to assuming a spherical
nucleus, This is substantiated in {hat nuclei with an even

e m by
. [exe

-~
ah At £

-
-~ v

nuCleons nave a yround state spin ot J=U,.
Experimental evidence gives an indicaticn of "magic

3 2 ekl 212
' 1s cbserved, This stability

-

numbers", where extra stahilit

o

is manifested by the discontinuities in the nuclear binding
energies for nucleon numbers 2, 8, 20, 28, 50, 82 and 126.
These discontinuities indicate a large energy separation
between the nuclear orbitals that belong to the different
shells., This is analogous *o the atomic case with the noble
gases, When other orbitals are filled, smaller increases in

stability are sometinmes observed. These subshell effects



occur for nucleon numbers 6, 16, 38, and 58.

If a three-dimensional harmonic oscillator is taken as
the average central potential, shell closure (magic numbers)
is obtained at 2, 8, 20, 40, 70, 112, and 168 nucieons. A
square well potential gives magic numbers at 2, 18, 20, 34,
40, 58, 68, 70, 92, 106, 112, 138, and 156 nucleons., These
potentials compare poorly with 2xperiment on the magic
numbers. However, when a spin-orbit term is added to a
harmonic oscillator potential, shell closure occurs at 2, 8,
20, 28, 50, B2, 126, and 184, in substantial agreement with
experiment, The actual average nuclear potential is
probably an interpolation between the square well and
harmonic oscillator, with a spin-orbit contribution.

Near regions of "magic numbers", the nucleus is thought
to be spherical. Exactly how spherical, or how close to

these magic numbers the nucleus remains si

1S 'U'nerica"t'. Are hagic

)

questions for the nuclear spectroscopists. The 10i7Tc

nucleus, with 43 protons and 58 neutrons, is used in this

research to test the shell model.

2. Hapy-particle shell model

The many-particle shell model is an extension of the
SPM. Nucleons are distributed among single-particie states
in such a manner that the Pauli Principle is not violated.
The inner, or core, particles are all paired. It is assumed

that the only particles that make a significant contribution



to the low-energy spectra are valence, or extra-core,
nucleons. The interaction among these valence particle
particles is commonly treated in first-ordetr pertubation
theory. Without this residual interaction, all states are
degenerate at the single-particle energies. When the
potential is turned on, the degeneracy of the
non-interacting states is broken and they are split by an

amount given by equation (1).
E =< J | V(residual) { J > (1)

This residual interaction is actually the difference tetween
the real nuclear Hamiltonian and the shell-model Hamiltonian

as shown in equation (2).

H(real) = H(SM) + V(residual)

V(residual) = H(real) - H(SM) (2)

|

A prime goal in nuclear chemistry and physics is to
determine the exact form of the residual interaction,
V(residual), and therefore determine the nuclear potential.
The eigenvalues of the single~particle states are
irsated as a separate probiem. They canh be calculated from
Hartree-Pock theory or treated as is done in the present

work.



B. Wave Function Construction
The wave function that is used must be an eigenfunction
of the shell-model Hamiltonian., For this Hamiltonian we
choose the harmonic-oscillator central potential with a

. N ded
spin-orbit (fe.s) tera.

N
H(SM) = £ hi (3)
i=1
2
Py 22+ =
hi = = + (1/2) mw ry + afli-si

This the single-particle basis states are of the form

[¥> = ¢(r) |jm>

o(r) ¢ C(zsmzmsljm) Yo

X (4)
m,m

£ s
s

The spherical harmonic of degre= k and projection n is
symbolized by Tens  Xp is a spinor of projection n that
represents the spin dependence of the nuclear wave function
and ¢ (r) is the radial portion of the wave function (4).
The C(ijmlmziJﬁ; is a Clebsch-Gordan coefficient (5)
coupling angular momentum j, with projection My to angular
momentum j, with projection My s to anqular momentum J with
projection K. The wave function that is conveniant to nusa
is constructed in the following manner. We assume that the
spin, S and the orbital angular momentum, g0 of particle

i are coupled to give the particle angular momentum ii.



s, @ 4. = 3j, (5)

In constructing the many-particle wave function, the angular
momenta of each of the particles i and k are coupled to give
a total angular momentum Jk. The next particle, with
angular momentunm jl' is coupled to Jk to give JQ. This
procedure is repeated until the nth particle is coupled to
Jn-l to give the total anqular momentum J. This is the
n-particle j-j coupled wave function. The shell-model
Hamiltonian of equation (3) is diagonal in this
representation,

The construction of n-particle wave functions can be
illustrated by building on a simple, antisymmetric
two-particle wave function, A two-particle wave function
can be constructed in the following manner.

2

) - - ' I .
= - m TMY S T
137> = ) cl ™, 1 IM) >

jml 1 3112>2 A (b)
The ket |jimi>n represents a one-particle wave function with
anqular momentum ji and projection of m, of particle n
{particle number is indicated by underlined subscripts).

The antisymmetric two-particle wave function, written in

terms of our un-antisymmetrized wave function |j2J>, is



(1 + (-l)J]
2

.2
Lali%s 13%3>

- |j2J> if J even. (7)

The antisymmetrizing operator is denoted by the symbol 1.
For two particles

Af(1)g(2) = £(1)g(2) - £(2)g(l), (8)
The Pauli Principle requires the eigenfunctions for all
nucleons in the nucleus to be antisymmetric with respect to
exchange of any two of the nucleons.

Equation (9} is a three-particle wave function
constructed by coupiinq the third particle to the already
existent, antisymmetric two-particle wave function of
equation (7). The coefficients that couple this last
particle to the "parent® two-particle wave funcfion, in such
a manner to give a totally antisymmetric, normalized wave
function, are called one-body coefficients of fractional
parentage (CFP).

9 A "
ad> =z (37(0y3))3;3[}5° 9) [ Al3%,0

1> 8

[4> 1J
1 3JM

(9)
Equation {9} indicates that a three-particle wave function
of spin J and additional quantum numbers ¢ is constructed
from three single-particle wave functions of anqular

momentum j. The CFP is symbolized by (jz(alJl)j;Jl}j3aJ)¢

I+ must be noted that the antisymmetrizing operaﬁor, A,



operates only on kets which it immediately precedes. 1In the
same manner, equation (10) shows an n-particle wave function
can be formed from an (n-1)-particle wave function by the
proper one-body CFP.
.n _ .n=-1 . .n .n-1
Alj7ad> = T (3 (0;9,)3:3]}357ad) [A[] 00,> 8
a.J
171
. J
13, Ty (10)

= 1 ("3 313150 |37 00. 3,5 55 eats (11)
171 1°1'“n

alJl -

The one-body CFP separates one particle from an n-particle
wave function. The expansion of the wave function of
equation (10) is useful in carrying out calculations
involving one-body operators. An example of a one-body

matrix element is given by equation (12).

n
<3Pagt T o.15%'3'> = n 7 (jn—l(r_\g J¥i.Td ang_J) v
=1 0. J 171
* 171
(jn-l(alJl)j;J'”jnd!J') <jnlonljn> (12)

For calculations involving interactions between two

particles, one needs to "separate® tuo

.
o v
L = -

particles from the
n-particle wave function. This can be done by constructinq
two-body CFPs. The (n-1)-particle wave function on the
right-hand side of equation {10) can be written in terms of

its one-body CFP's as followus:



n-1 .n~ . .n-
Alj a1J1> =g (]n 2(usz)];Jll}jn lalJl) X
4295

.n=2 ) .n~1
137 %ey3,03, 1530 Tagdy> (13)

Substituting in equation (10), we obtain:

.n .n- . -
AljTed> =z 1 (3" 2(0‘2"2)1;‘31]}3'n l0‘1‘31) x
%91 @29;
.n-1 . .n
(37 " (ay3,)3:3|}3ad) x
171
'Jn-Za 5.4 (.n-l I.).,5 59%aTs 14
J 2 2I]n_1 ] ul 1 r]n::l Q ' (14)
The present coupling scheme represented in the last line is
J
. . . . . 0,J
(3, & i ] 1 o JB]J. The coupling [ J, & 3.y 8 32] ]

can be obtained using equation (15) to perform the

transformation.

.n=-2 . N~ . .n
137 TonTyr3 1 G F0y 30,3, 5570d> = 1 x

n-4 n 3,
. y s . . C oy
< erjn_l (Jll 'Jl'_l'J | J2'3n—ljri(00)'3 > X
.n=2 .2
137 T ay35),3%(3 ) 500> (15)

The 6-9 symbol is defined by the transformation (6)

23+J2+J

sz.jn_l(Jl),jE;JIJZ,jn_lj (35):3> = (-1) X

I, 43
2
(3,1 13,1 ! (16)

S e | 3

j J3,

Y

vhere [§] = /27 # T . By using eguations (15} and {163,

\

i)

-
LJ



10

can revwrite equation (14) in the following manner:

Ali%a> = & (377 (e,9,),3%(5) 13115 x
229270

[z_a_ljn'zu252> e _A_\j2J0>]J, (17)

Now (jf“"z 0y Jy) ,12 (JO);'JnjnaJ) is the two-body CFP
connecting our (n-2)-partic1e wave function of spin J, and
additional gquantum numbers @,, to the n-particle wave
function of spin J énd additional quantum numbers a,

The wave functions are now available for calculations
involving 2-body interactions., The form of the matrix

element of a two-body operator is given by equation (18).

<jnaJ|.Z.O£i|jna'J‘> < nln-l) o P % (
1< JO aszJ0
(372 (0,3.) 52 (3.) ;3] 1Pad) x
272 0
(3" 0p9,03 g 130 337003 ") x
.2 .2
<) JOIOn,n-l IJ J6> (18)

e )

C. Two-Body Interaction
The nucleon-nucleon interaction is by definition a
tvo-body force and its short range is verified by the size
of the nucleus. The fact that the scattering cross sections
for pp and nn scattering are nearly the same implies

approximate charge independence for the interaction. & spin



1

dependence for the interaction is inferred by, for instance,
np scattering cross section differences between ortho- and
para-hydrogen. 1In the zero-range limit for the two-body
interaction the force is proportional to a Dirac delta
function., The delta interaction is composed of a radial

part and an angular part as shown in equation (19).

+ =+ GG(rl—rZ) ~ ~
Gé(rl-rz) = — pX Yx(rl)~Y(r2) (19)
172 A
*
where YA'YA = EYXU YXU

The Y (r ) is a spherical harmonic representing the angular
coordinates of particle i (7). The G is proportional to the
strength of the interaction. The anqular portion of the
two-body delta function matrix element can be derived using
standard Racah techniques and is given below.

J2%34%9,

1<313,30 18,08, 19,3,3,> = = (-1) £ 2 x
9132901 Ny 13249 ;

(3. 35 3 /37 Fa AW /54 3. A
(3,1 19,1 31 15,1 J°% 72 70] (2123 "\(I2 Jg %\
1 2 3 4 ]i A

\-4 \ \

Z(£123l) Z(22£4X)

o _ ip=dy—m Jy 3, 0

where (j;j,mm,|jm) = (-1) 271 [j]/ 172 (20)
m, m, -m

Equation (20) is the angular portion of a delta function

matrixz element betveen two particles of total angqular

momenta j; and j, coupled to Jy, interacting with two



12

particles of total angular momenta I3 and 4 coupled to Jj.
The symbol, Z(a,b,c), vanishes unless a, b and c form a
triangle. 2 also vanishes if a+b+c=0dd, otherwise
Z{a,b,c)=1. The delta interaction gives a "pairing
spectrun" that is shown in Fiqure 1. A pairing spectrun is
characterized by a large energy gap between the paired state
(J=0) and the unpaired states (J#0). ©No change is made in
the ordering of the levels or shape of the spectra by
varying the strength of the interaction.

When a spin-dependent term is added to a delta
interaction, we get a more flexible potential. The
operators 31-32 and I (the identity operator) are the most
general scalar spin-dependent terms which can be constructed
from the variables deséribing a two-particle system. These

operators are also subject to invariance under reflection,

N MA e mew - - =

N ] 3
LilmT LTVETLODal and

atticlie exchanage. The twn-hodv

gl

zr

spin-dependent potential is given by equation (21).
A 5>

V(1,2) = -GS(xr;-r ) (1 = o + acye0,] 0 <<l (2

The two-body matrix element of equation (21) is as follows:



~ 37T
(9p
=
2
>
>
=
x 2T
=
08)
o
g
>
@
m l-h-
b
<
Ll
O..'.
Figure 1.

13

opr O®

N

Eigenvalues of a delta-force interaction

for the (gi/z)z(pl/z)o and (g99,/2)°(p1/2)2
configuraticns
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+> >

<313,91V(1,2)|333,9> = <313,31-68(x) 1) [333,9> +

o+ 5 45, (4, 4, 0
. 1 s 171 72
203,113,1 [350 03,0 (-1 & 27278012 Uy

J291 7
13 14 J . > > , ’s
- - 0

__£<12J\Ga6(rlr2)134;{>. (22)
Jg I3 3

The anqular part of the matrix element in the second term of

equation (22) beconmes:
> -+

80,3 |Gab () =r,) [454,0> = 5 (11112,1145)(%,) X

.4 4L 4
ll 5 J 3%, J\

(23)
0O 0 0 ooo/‘

The strength of the spin-dependent term is proportional
to a, and this parameter allows for a gradual degradation
and eventual destruction of "pairing". Fiqgure 2 shows how

the spectrum is changed as o varies at constant G.

-4

n our calculations We used the harmonic oscillator

re
")

-

- C -
Lauaia

[#4]

tions

(¢

un

o}

as defined in equation (24).

: c 4 ) r2
& (x) =.q 32n‘! {__1 oI/ 212 0+1/2 _7 (24)

roT(n'+4+3/2) Ir
[ S 0J

a

The n' represents thes principal guantum nuwmber, Ty is the
harmonic-oscillator well width and LJ {x) is an associated
lLaquerre polynomial (7). By using this wave function, one

can ~asily evaluate the radial matrix elements.
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For the Surface Delta Interaction, SDI, all
interactions take place at the nuclear surface. The radial
integral for a SDI is shown in equation (25).

S(R-rl;S(R-rz)

[ S 2K 8]

2 .
fdrlrlfdrzr ¢l(r1)¢2(r2)¢3(rl)¢4(r2)
%2

e
= R ¢1(R)¢2(R)¢3(R)¢4(R) (25)

The R in equation (25) is ¢the nuclear radius, which must be
defined or parameterized to evaluate the integral.

For a reqular delta-force interaction between two
particles, the nuclear radius does not need to be defined to
evaluate the radial integral. The interactions will take
place when the particles are "close" to each other,
independent of the nuclear size., The radial integral for a

normal delta interaction is given by equation (26).

§(ry-r.)
fdr,rg drnrz 12 d.(r Ml )0 ()0, ()
A L bl L A A Ly /. A t 4% VA
It
= srfare ) ()6 ,(x)o 5 ()0 (r) (26)

A regular delta interaction was used in the course of these
calculations because a reasonable definition of the nuclear
radius involves an extra assumption or parameter for the

calculation. In some calculations, this radial dependence
is set constant, in the case of ig and 2p radial integrals,
*he off-diagonal and both diagonal integrals are equal for

the case vhere the nuclear radius is 1.364 times the well
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width.

D. Five-Particle Calculation
The nucleus of 19iTc is composed of 43 protons and 58
neutrons, Tt was assumed that the configuration of the

extra~core neutromns is (g7 Y8, This assumption is

/2

discussed in Appendix C., For the extra-core protons we

assume 199/2 ot 291/2 quantum ngmbers. These same proton

configurations have been used successfully in calculations
for 93Tc by Vervier (2) and by Auwerbach and Talmi (1). 1TIn
. order for other proton configurations to be of consequence,
either a p3/2 proton must be promoted to an outer shell, or

a valence proton needs to jump to the g7, orbital (see
/

2
Figure 3). If our model is correct, the positive parity

states can be described by the two configurations
(g9/2)3(pl/2)2 and (gg/z)s(pl/z)o. It must be noted that
the only way a negative-parity neutron state can be formed

is by creating either a pl/2 hole or an b particle, both

11/2
of which are extremely unlikely because of the energy needed
for these excitations (see Figure 3). Therefore, we assume
that all low-lying negative-parity states will come from ths
(gg/Z)Q(pl/z)i proton configuration. This singlé-particle
excitation should determine the separation of the P1/2 and
g9/2 orbitals.
our eigenvalue problem is Jdeveloped in the following

panner. We assume the eigenfunctions of H(SM) + V(residual)
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Figure 3. The ordering of shell-model eigenstates
in the vicinity of 101Tc
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can be expanded in a series involving the configurations
noted above. The accuracy of this assumption will be tested
vhen we attempt to compare with experiment. The nuclear

vave functiom is taken to be

lag> = £ ay |¢i>

io (27)
i

The coefficients 3 ,are a measure of the pure 5-particle
shell-model wave function |¢i> (that describes the ith
configuration) in the eigenstate |@J>. Equation (28) is the

matrix equation that must he diagonalized &

energy, %LJ' of the state |aJ> and the mixing coefficients
Ha-

g( ei8yg + <oy lVley> ) 0, = By 2y, » (28)

The eigenvalues, €+ of the single-particle wave functions

|¢i> are the experimental single-particle energies of the

oAb ~~ 0 N my
AL To |(pi 7 e i1uaxc

Viresidial) 1S tne two-Dody residual
interaction. Since the positive-parity states can be
attained by two confiqurations, the cff-diageonal and tuc
diagonal matrix elements are needed. The negative-parity
states are described by the diagonal matrix elements of the
only configuration making those states. The matrix elements
wve need are <05/2)5(91/2)°|V|(q9/2)5(91/2)°>,
<(99/2)3(P1/2)2|Vl(99/2)3(91/2)2>:
<(Q9/2)3(P1/2)2!V!(99/2)5(91/2)°> and

<(99/2)°(P1/2) Livi (qQ/z)e(Pl/z) 1>,
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The matrix element for two-body scalar operators
between wave functions of n equivalent particles is given by
equation (29). Since the energy of the nucleus is a scalar
quantity, no other type of operator wiil be considered.

Fquivalent particles carry the same principal, orbital and

total angular momentum quantum numbers.

<33 | TV, | iBargs = Ei%:ll X
i<y 2rd
<3%ag [V pey| 370t (29)

Equation (30) is a result of combining equations (17) and

(29) .

<o | vl e = BB 5
i<j 4,353,
(37 (0,3,)3° (3 ) 13]13"a) x
- N, .2 .2
(5" 2(G2J2)j2(J0):Jl}jna J) <373, vl 1°34> (30)

The matrix element between two mixed-configuration wave

functions is given by equation (31). &R mixed-configuration

is one for which all particles are not in the same orbital.

In the 101Tc calculation, the (99/2)‘(91/2)1 and

fes. .. V3 Un. .
\gg/zr \Pi/2

}2 are mixed configuration wave functions.
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nl n2 nl n2
- \J ] S -
<3, (@,3,)3, (aZJZ)JIiEkaEhl (013103, (@333 J> =

n

nl 1 nl

> 2 ] ]

<jq alJlIiEkV15|31 0yd;> 6J1Ji +
n, n2 n,
J J ] ]

<3, aszlikai£|Jz ayds> éJzJé +
R ' 2 nl+n2

<Gy (0 T1)d, (@350 T] 2 ) X
n n

P

13, (aiJ')j2 (aéJé)J> (31)

The first two terms of equation (31) can be evaluated by
using equation (30). The last term can be 2valuated using
Racah techniques (5) and is given by Equation 32,

The matrix element between a mixed configuration and a
confiqguration involving equivalent particles can be
calcula ilxed-configuration wave function

described in Appendix C. Por our five-particle calculation,

these matrix elements (8) are given by equation (33).
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n,n, . § . § [Jll[Ji][JZ][Jél X
11711 722722
n.-1

M . !
(3;7 (eg999)37:9; 1170 3) x

n,-1 ' n,
(31 (0977103179, 113,704 37) x

RIS . D2
(327 (app952)3510,115,%a,3,)

b

n
(3,2 535203209, 119, 043)

»

g [3'1 <3q3,9° | v J'> x

13,3
nl /n +n 1-2

]

[
N~ -

(32)

; 5,3
I 133,] Jzz J2
I ,

12

<32(35=0) v ,) 3%(ay=0)> (33)

In equation. (33}, j=9/2, j1=1/2 and Jé=J.

The calculation was performed using a FORTRAN program
on the IBH 360/65 computer at the Iowa State University
Computation Center, The calculations proceeded under the

basic assumptions: 1) the single-particle energies are
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parameters thét represent the eigenvalues of the
single-particle eigenfunctions; 2) a spin-dependent delta
function is chosen to represent the two-body interaction
that acts as a perturbation to the shell-model interaction;
and 3) the true eigenfunction of the Hamiltonian can be
expanded in a series involving the restricted basis. Some
general results of the calculation are displayed in the next
three figures.

Figure U4 shows the effect of varying the strength, a,
of the spin-dependent term near 0.25. The trends in the
eigenvalue behavior as this strength varies away from 0.25
can be extrapolated from Figure 4., BAs a increases from zero
to 0.25, the positive-parity states decrease in enerqy from
the Aelta interaction values to near the ground state while
the negative-parity states proceed to their single-particle
energies. 7Tt appears that in this range,  the gpin term
éoftens the pairing interaction. Wwhen o increases from 0.25
to 1.0 the ordering of the negative-parity states changes
to place the 5/2- level at a lower energy than that of the
1/2-. The positive-parity states are dispersed and the S5/2+
and 7/2+ levels increase in energy rapidly as o approaches
the value 1.0.

Figure 5 illustrates the dependence of the eigenvalues

on the strength of the pairing interaction, G. As G

increases, the 1/2- state proceeds rapidly to belov the
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Some five-particle eigenvalues for

Ae=0.2 BHeV and o =0.06
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ground state and the low-lying positive-parity states start
climbing in energy, never to return to the close proximity
of the ground state. When it appears that a particular
level is falling or rising in Figures 4, 5 or 6, it is
actually falling faster than, or falling slower than the
ground state.

Figure 6 shows how the eigenvalues vary as the
difference in single-particle energies is changed. This
difference determines the separation between the negative-
and positive-parity states since the negative-parity states
are just hole states, or single-particle excitations, of the
positive-parity states, It should be noted that all
calculated levels are not included in Figures 4, S and 6
vhich serve only to show general trends and not the

locations of specific eigenvalues.

Averpach and Ta

=

mi f1) uwsed
methods to calculate the ground-state wave function of 937Tc,
The results of their calculation give a separation of 0.79u
MeV for the 2py /2 and 1g9/2 single-particle energy levels.
Their two-body, seniority-zero matrix element was calculated
to be 1.774 MeV. 1In this work, the spin-dependent, two-body
seniority-zero matrix element was calculated to be 1.8 MeV
for ¢ = 0.33 and with the radial integral normalized to
unity. The inability of the single-particle eneraqy

differences and two-body matrix elements of the A=93
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calculation to give comparable results for the A=101 case is
probably due to the differences in the methods of
calculation. This work is more constrained in that the
negative-parity calculation was directly coupled to the
positive-parity calculation, while Auerbach and Talmi
treated states of different parity as separate problems.

The energy levels of 101Tc with experimentally
determined spins and parities are the 9/2+, 7/2+, 5/2+ and
1/2- states at 0.00, 9.36, 15.58 and 207.51 keV,
respectively, Calculations were performed for many ranges
of a,G and A€, The eigenvalues that best fit the low-lying
experimental levels are given in Table 1. Table 1 gives a
comparison of the low-energy eigenvalaes with *he low-lying
experimentally observed levels. The mixing coefficients for
the resulting eigenfunctions are given in Table 2. One of

)

th ties appaitent in Table i 1s that not enough

D

main AIEEI ~we
—3‘-11 A Ak AU

high-spin states are seen in the low-2energy experimental

2

o

level scheme. Another maijor difference is tk
levels seen experimentally below 1.0 HeV (see Figure 8) have
possible spin-parity assignments of 3/2: or S/2-. The
configurations used in this calculation can only give two
3/2+ states, two 3/2- states and three 5/2- states. More of
these states could be obtained by increasing the size of the

configuration space to include single-particle excitations

from the f5,5 shell such as (f5,/2)5(99/2)°(p1/2)2 and
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Table 1. Eigenvalues for five-particle calculation

D LA 08 D i i 2 28 el e e i S B G s L B W e At — - ——

- — — —

Calculated Experimental Calculated Experimental
Jd  E{keV; J  E{keV) J  E{keVj O E{kaV)

972+ 0 9/2+ 0 T/2- 232

1/2+ 12 T/2+ 9 9/2- 232

5/2+ 1 572+ 16 1172~ 232
i3/2+ 14 1372~ 233
11/2+ 15 19,2~ 233

9/2+ 18 17/2- 233
15/2+ 19 17/2- 234
1772+ 19 ‘ 1972~ 235
2172+ zi 2i/2- 21

3/2+ 22 23/2- 242

1/2~ 207 172~ 207 25/2- 242 3/2- 288
372~ 220 972+ 433 395
5/2- 220 772+ 4u2

Tr2- 222 5/2+ ugu

9/2- 223 13/2+ 4uy
11/2- 223 11/2+ 44y
1572~ 223 9/2+ uus
13/2- 224 1572+ uy7
1772 224 » 17/2+ 4y

172~ 228 5/2+ uu?

/2~ 229 2172+ nng

372~ 229 1172+ 449
T1/2- 230 17/2+ 451

572 - 230 T2+ 451
i3/2- 230 15/2+ 451

S/2- 233 S/2%+ 457
13/2- 231 1372+ 452
Pis2- 231 3/2+ 455

7/2- 23 1/2+ 456

572~ 231 19/2+ 460

/2~ 232 25/2+ 463

15/2- 232

v =2 i 5 £ 5 i mes A 2 e -




Table 2. HMixing coefficients

Enerqy JT7 1(9/72)YS(1/2)0> 1 (9/2)4(1/2) 1> {(9/2)3(1/72) 2>
{keV) v=1 v=1 v=5 v=1 =3 v=5 v=1 v=3
0 9,2+ -0.012 -0.003 0.0 0.917 0.398
12 7/2+ -0.008 0.0 0.999
14 S/2+ -0.008 0.0 0.999
22 3/2+ 0.012 0.998
207 172~ 1.000 0.0
220 3/2- 1.000 0.0
229 372- 0.0 1.000
232 1/72- 0.0 1.000
455 3/2+ 0.998 ~-0.012

0¢
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(£5/2)3(99/2)7 (P /2) 1.

In conclusion, it should be notedq that even though the
calculation gives a high density of low-energy states that
could be populated by gamma decay but are not seen
- experimentally, this spin-dependent poctential calculation
- does indicate one manner in which the 7/2+ and 5/2+ levels

can be located near the ground state.
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II. NUCLEAR DECAYS OF 101Mo AND 101Tc

A. Introduction
The decay of 101Mo has been the subject of several
independent studies in the past two years(9-12). The
lov-lying positive-parity states in 191Tc are of particular
interest to the nuclear spectroscopis*(13), and are thought
to be similar to the anomalous states of the 0d4d Ge and Ag
isotopes (14). The anomaly in odd-A Tc isotopes is

characterized by the lowering of the 7/2+ zand Sr2+ st

P N
SLvas

es
with respect to the 1/2- level as pairs of neutrons are
added to the nucleus. The lifetimes of the metastable
states in these nuclei have also been measured. The 1/2-
state at 207 keV in 101Tc has a reported half-life of 760
sec (15). The half-life for the 127-keV level in 101Ru is
measured to be 580 nsec (16). When this study was started,
the existing decay schemes of 101Mo and 191Tc were
inconsistent and incomplete. This work was undertaken in an

attempt to resolve these discrepancies and to better

understand the trends in nuclear structure for this region

of nuclai

B. Fxperimental Procedure
Natural molybdenum has an isotopic distribution (17) of
9.62% 1000, 23,75% 99Mo, 9.45% 97Mo, 16.50% 96Mp, 15,70%

SSHo, 9.12% 94 and 15.86% °2Mo. The products of neutron
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capture from natural Molybdenum are 93Mo(Tys2 > 100 years),
99M0 (Tl/z = 67 hours) and 101Mo (Tl/z = 14,62 minutes).
The decay of 99Mo exhibits gamma rays connecting known
levels in ®%Tc. The daughter, 99Tc, (Tl/z = 2,12 X 105
years) decays by beta emission to the ground state of 99Ru.
101M0 decays by beta emission to 101Tc (T1/2 = 14,2
pinutes), which in turn decays by beta emission to the
stable 101Ry, The cross section for the 98Mo(n,Y)99Mo
reaction is 0.51 b, compared to that for 1¢0Mpo(n,Y)101Mo of
0.2 b, It was decided that a short-term irradiation of
natural molybdenum would produce sufficient and interference
free activity for the determination of the decay schemes of
101Mo and 191Tc.

Sources of electron beam melted Mo metal, and high
purity MoO,, were irradiated in the 5 Megawatt Ames

Laboratorv Research Reactor (ALRR) fagt trancit irradiaticn
facility. The irradiations were for 5 sec and at a neutron
flux of 1.2 X 1013 neutrons/cm?2 - sec. The Tc and Mo were
separated chemically in the Tcoz2 and the Modgz forms
(18) . The irradiated sample of 500 ng Moo3 was dissolved in

10 m1 of 0.5N NaOH and 5ml of 14.8N NH40H. The Tc was
extracted using 50 mng U%E%)4Ascl and 10 ml HCClB. A
continuous separation was performed by placing the aqueous

and organic phases in a beaker with a magnetic stirrer. By

controlling the solid angle the detector had with the layers
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of liquid, one could look at either the daughter decay or
predominantly parent decay.

Singles gamma-ray measurements were made using Ge(Li)
detectors over an energy rande sufficient to give the
gamma-ray spectrum up to the total beta decay energy, or
Q-value, of each isotope, The Q-values for the 101Mo and
101 Tc decay are 2,84 + 0,04 and 1.63 % 0.03 HeV,
respectively. The calibration sources and a block diagranm
of the electronics are given in Appendix B. Figure 7 gives
the gamma-ray spectrum of the 101Tc decay in equilibrium
with the 101Mo activity.

Coincidence spectra of equilibrium samples were
collected with the 4096 X 4096 two-parameter system
(Appendix B) at the TRiSTAN facility. Constant fraction
timing units were used to determine detection times for the
qamma ray3, and an acceptaunce gate of 35 nsec was used in

the coincidence circuit.

C. Data Analysis

The location and area of each peak in the equilibrium

R, - -~
A"

ned ¥ith the program SREWGAUS (Appendix

£t
=1

A). These locations and areas were fed to the program
DRUDGE (Appendix A) to give the energies and relative
intensities of the photopeaks. The spectrum of the
chemically separated activity was used to make decay

assignments. The peak areas determined for the chemically
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separated spectrum were compared with the peak areas of an
equilibrium decay. The assignment of a peak to either the
101Mo decay, the 101Tc decay or both decays was done on the
basis of these comparisons. The gamma rays assigned to the
101Mo and 1917c decays are listed in Tables 3 and 4,
respectively.

The coincidence data were analyzed by visually
conmparing the gamma-ray spectrum in coincidence with each
gating peak to the gamma-ray spectrum in coincidence with
the background of the gating peak (see Appendix B). The

results of the coincidence experiments are given in Tables 5

ani 6.

D. Results

The construction of experimental level schemes must

proceed with some definite rules, Th

i

enerdie

0

Jatiia—-tTa

%

(11

are used by the program LVLSURCH to construct a possible
level scheme which is presented along with a summary of
coincidence information. However, a need exists to
determine the viability of a particular level in this
scheme. A confidence index {Ci) can be established to
indicate tﬁis viability. The CI is defined as twice the sun
of all gamma rays entering and leaving the level that are
verified by coincidence information, plus the sum of all
gamma rays entering or leaving the level. Any level with a

CI < 4 has been indicated as a dashed line in the

{=3

eve
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Table 3. Gamma-ray transitions in 1017¢
Enerqy Relativel Assignment
keV) Tntensity

-———-———————-—_—-——_-—-———-——--——-—-———-——-—..-.——-.—...--—..._—.—-—..._-..

80.67(0.14) 281.29(21.18) 2088, -> 209,
105.52 (0. 36) 27.62(13. 8Y)

115,57 (0.28) B.78( 2.23) A16. -> 500,
187.41(0.20) 25.45( 4.63) 395. -> 208,
188.20(0.50) 300.84(120.3) 1806. -> 1618,
191.89(0.05) 1000.00(51.28) 208. -> 16,
155.91(0.07) 152.17( 9.21) 711. => 515,
211.88({0.08) 27.20( 1.74) 500. -> 288,
221.80(0.23) 5.29( 1.14) 742, => 520,
274.93(0.21) L.B81( 1.02) £70. -> 395,
292.03(0.50) 13.24( 6.02) 1320. -> 102R.
317.77 (0.13) 12.52( 1.44) 1962. -> 16u4,
327.68(0.13) 11.231( 1.32) £16. -> 288,
333.50(0.07) 41.28( 2.41) f22. -> 28R,
367.91(0.65) 5.66( 3.19) 1962. -> 1594,
347,30 (0.24) 5.23( 1.02) 1962, -> 1615.
352.90(0.17) 7.52( 1.14) RR7. -> 533,
358.22(0.49) 2.47( 1.38) 1678, -> 1319,
369.95(0.76) 8.30( 4.51) 2048, -> 1678,
371.55(9.82) 8.24¢ 4, 87) RS S L
377,90 (0.54) B.72( 4,39) 911. -> 533,
379.29(0.34) 17.21( 4.87) 395. ->  16.
381.23{0.14) 16.19¢{ 1.81) 670. -> 288,
384,26 (0.50) 0.12( 0.06)

328,70{0.07) 47.85{ 2.77) 606. -> 207.
408.53(0.06) 85.02( 4.75) 616. -> 207,
421,84 (0.24) 21.96( 8.54) 1028, -> 606,
441,9719.38) 2.65( 0.96) 2057, -> 1615,
448.49(0.06) 36.70( 2.05) 20u8, -> 1599,
452.37{0.27) 3.85( 0.96) 1122, -> 670,
469.04 (0.22) 6.20( 1.14)

491.38(0.32) 3.73( 0.84) 500, -> 9.
497.02(0.80) 7.10( 4.69) 1103. -> 606,
499.19 (0. 34) 71.12(26.41) 515. -> 16,
505,05 (0, 18) 176.41(67.15) 521. -> 16,
505,93 (0.08) 517.93(71.66) 515. =-> 9,

l1Relative to 191.89 keV transition and
multiply by 0.01932 for transitions/100 d=cays



Table 3.

(continued)

Enerqgy
(keV)

510. 14 (0. 14)
512.18(0.17)
514.06 (0. 39)
515.80 (0. 25)
523.80 (0. 12)
533.51(0.11)
540.10 (0.52)

S 2>
560.(.5(0. Ja)

566.65 (0. 19)
571.69(0.19)
582.85 (0. 86)
590,10 (0. 19)
590,87 (0. 08)
602.98 (0. 24)
606.76 (0.32)
608.32(0.08)
611.55 (0. 45)
625.60 (0. 46)
642,58 (0. 05)
650.55(1.06)
652,66 (i.12)
660.61(0.10)
675.91{0.56)
686.02({0.32)

6§98 &0 10, N0

o eUNV VeV sy

701.80 (0. 13)
707.80 (0.78)
712.88(0. 06)
727.9% (0. 28)
732.92{0.25)
737.33(0.75)
739.54(0.13)
773.81(0.17)
775.79(0.76)
778.17 (0. 08)
790.01(0.18)
797.99{0.48)
804.19(0.08)
815.20 (0. 18)
847.27(0. 25)

39

Relativel
Intensity

52.41( 5.90)
93,20( 8.00)
43.08( 6.38)
27.32( 6.62)
9.21( 1.14)
21.30( 1.87)
4.99( 3.31)
3.73( 0.84)
38.63(12.52)
9.93( 1.26)
4.81( 2.59)
304.21(145.1)
872.02(151. 3)
5.35( 1.26)
11.25( 3.61)
56.68( 4.51)
7.70( 3.13)
5.48( 3.49)

66.06( 3.67)
1.50( 1.08)
1.50( 1.08)

11.91( 0.90)
2.47( 1.02)
3.55( 1.02)

305.03{45.04)

17.63( 2.29)
3.43( 1.74)

173.83( 9.27)
4.93( 1.62)

13.96( 3.79)
2.47( 1.32)

16.00( 1.50)

17.81( 2.47)
5.66( 1.87)

51.26{ 3.01)
6.74( 0.96)
3.75¢ 1.14)

52.65( 2.95)
9.45( 1.38)
4. 451 0,84)

Assignment

2558, -> 2048,
1028, -> 51S.
1618. -> 1103,
1122, => 606.
533. -> 9.
533. > 0.
2218, -> 1678,
2238, -> 1678,
1594, -> 1028,
1188, -> 616,
1103. -> 521.
1618, -> 1028,
606, -> 16.
1103. -> 500.
616. -> 9,
1320. -> 711,
2573, -> 1962,
1232, -> 606,
1962, -> 1320.
1678, -> 10285,
1775, -> 1122,
670, -> 9,
2573, -> 1898,
1808. -> 1122,
Tite => 16.
711, => 9.
1594, -> 887,
1320. -> 606,
2048. -> 1320.
742, -> 9.
2057. -> 1318,
1028, -> 288,
1898, -> 1122.
i806. -> 1028,
2573. -> 1775.
1320. -> 6515,
1103. -> 288,
28482, -> 1594,
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Table 3. (continued)
Energy Relative!l Assignment
(keV) Intensity

852.98 (0. 11) 12.39( 1.02) 2659. -> 1806.
859.09(0.19) 5.90( 0.90) 1962. -> 1103.
869.72(0.30) 17.63( 5.90) 1898, -> 1028.
871.11(0.10) 82.31( 7.28) 887. -> 16.
877.37(0.09) 164.02(14.86) 887. -> 9,
883.31(0.09) 33.45( 2.11) 1594, -> 711,
886.97 (0.28) 12.27( 2.95) 887. -> 0.
883.74(0.29) 12.75( 2.71) 1775. -> 887.
894,36 (1.56) 3.13( 2.59) 1806. -> 911,
896.31(0.41) 11.31( 3.07) 1103. -> 207.
903.41(0.15) 10.65( 1.20) 1615. => 711,
933.28(0.31) 40.07(24.01) 1684, -> 711,
934.20(0.11) 181.05(25.75) 1962. -> 1028.
943.51(0.27) 4.81( 1.26) 1232, -> 288,
980.40(0.12) 14.08( 1. 14) 1188, -> 207,
987.94(0.17) 8.36( 1.14) 1594, -> 606,
1007.38 (0. 30) 9.39( 1.56) 2130. -> 1122.
1011.05(0.14) 119.55(18.95) 1618, -> 606.
1012.50(0.08) 683.03(39.05) 1028, -> 15.
1018.58(0.25) 3w 12010,11 1028, -> S.
1019.97 (0. 34) 24.55(10.05) 2048, -> 1028.
1030.06(0.40) 3.79( 1.08) 2218. -> 1188.
1049,75 {C. 10) 18.41{ 1.20) 2238. -> 1188.
7064.22(0.32) 11.43( 3.31) 1775. => 711,
1065.88{0.4% B.60{ 3.31) 1599. -> 533,
1160.92(0.09) 211.25(10.77) 2048, -> 887.
1168.59 (0. 17) 12.45( 1.38) 1775. -> 606.
1184.19(0.23) 10.35( 1.44) 1806. -> 622,
1186.59 (0. 09) 54.51( 3.07) 1898, -> 711,
1199.87(0.,08) 93.26( U4.87) 1806. -> 606,
1209.88 (0.22) T7.04( 1.02) 2238. -> 1028.
1218.03(0.50) 2.95¢( 1.08) 2130. -> 911,
1249.37(0.46) 14.20( 6.50) 1644, -> 395,
1251.06(0.08) 208.77(16.02) 1962, -> 711,
1260.53(0.29) 8.06( 1.62) 1775. => 515,
1286.26(0.17) T.64( 0.72)

1290.6%{0.30;} 6.08( 0.96) 1806. -> 515,
1293.29(0.17) 11.13(¢ 1.08) 1808, -> 515,
i304.03(0.09) 148.07( 7.64) 1320, -> 16.
1308,22(0.73) 6.99¢ 1,93} 1808. -> 500.
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Table 3. (continued)

Energy Relativel Assignment
(keV) Intensity

1310.70(1.25) 3.07( 1.81) 1599, -> 288,
1314.28(0,25) 12.33( 1.44) 2057. -> 742,
1325.78(0.32) 13.72( 4.57) 2558. -> 1232.
1336.64(0.26) T.40( 1.20) 2048, -> 711,
1339.36 (0.20) 9.27( 1.20) 2659, -> 1319,
1346.12(0.11) 55.90( 4.75) 1962. -> 616.
1350.78(0.65) 2.23( 0.84) 2238. -> 887.
1355.99(0.11) 89.35¢7 9.09) 1962, -> 605,
1377.72(0.20) 13.00( 1.50) 2048, -> 670,
1380.43(0.79) 5.66( 1.74) 1775. -> 395,
1382.73(0.10) 61.25( 3.79) 1898. -> 515,
1387.63(0.32) 4.15( 0.84) 2130. -> 742,
1394.91(0.13) 32.37( 2.65) 2001. -> 606,
1414.16(0.10) 26.65( 1.62) 2442, -> 1028,
1418.54 (0.09) 46.57( 2.59) 2130. -> 711,
1426.86 (0.88) 1.87( 0.84) 2659. -> 1232,
1429,99 (0.60) 7.28( 2.53)

1432.05(0.25) 19.13( 2.65) 2048. -> 616,
1435.05(0.39) 4.69( 1.02) 2057. -> 622,
1440.85(0.15) 8.42( 0.72) 2048, -> 606.
184 1260 26) 3.49{ 0.58) 2573. =» 1122,
1485.92(0.21) 5.48( 0.78) 2001. -> 515,
1507.00 (0.73) 2.11( 1.08) 2218, ~> 711,
1514.10(0.22) 9.93¢ 1.18) 2048, -> 533,
1517.80 (0. 35) 11.73( 2.17) 1806. -> 288,
1520.39(0.50) 12.45( 1.99) 1808. -> 288,
1522.95(0.30) 15,80 ( 2.29) 2130. -> 606,
1526.57(0.47 5.96( 1.14) 2238, -> 711,
1530.34 (0.45) W,56( 4.51) 2558. -> 1028,
1532.45¢0_08) 317.09{16.67) 2048, ~-> 515,
1548.68 (0.24) 8.00( 1.26) 2218. -> . 670.
1583.11(0.27) u.u45( 0.60) 1599, > 16.
1589.61(0.12) 14.98( 1.02) 1599, -> 9.
1594, 84 (0.88) 1.56( 0.72) 1594, -> 0.
1599.22(0.08) 93.08( 4.75) 1615. -> 16,
1605.31(0.57) 2.47( 0.66) 1615, =-> 9.
1609.16 (0.27) 5.23( 0.78) 2130, -> 521,
1614,96(0.39) 3.13( 0.66) 1615. => 0

1629.4G (0.51) 2.89( 1.08) 2130. -> 500,
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Table 3. (continued)

- -~ -

T s —— Y S ——— " - U ————_ —— - ——— " G > —_ - = = < = -

Energy Relative!l Assignment
(keV) Intensity

1646.38 (0. 34) 4.09( 0.90) 2558, -> 911,
1653.29(0.41) 3.31( 0.84) 2048, -> 395,
1662.43 (0.09) 36.40( 2.05) 1678. => 16.
1673.81(0.08) 89.83( 4.63) 1962. -> 288,
1712.76 (0.17) 10.65( 1.14) 2001, -> 288.
1722.06{0.61) 1.68( 0.72) 2238. -> 515,
1754.84 (0. 12) 18.47( 1.26) 1962. -> 207.
1759.69(0.09) 52.11( 2.77) 1775. -> 15.
1768.22(0.19) ' 7.88( 0.84) 2057, -> 288,
1840.21(0.09) 73.04( 3.79) 2048, -> 207.
1876.25(0.89) 1.26( 0.84)

1882.26(0.25) 4.75( 0.90) 1898, -> 16.
1888.27 (0.50) 2.23( 1.20) 1898, -> 9.
1921.35(0.54) 2.05( 0.72) 2442, -> 520,
1941,.75(0.40) 2.89( 0.66) 2558, => 616,
1946.54 (0. 24) 4,99( 0.72) 1962. -> 16.
2024.41(0.78) 4.03( 1.44) 2558, -> 533,
2028.11(0.87) 5.48( 1.81)

2032.04 (0.10) 368.65(18.89) 2048, -> 16.
2038.38(0.45) 11.43( 2.83) 2048, -> 9.
2041,22(0.11) 111.91( 6.50) 2057. -> 15.
2047.67(0.48) 4.69( 1.14) 2048, -> 0.
2086.82i0.12) 52.230 2.7T)

2112.77(0.25) T.94( 2.77)

2114,49 (0. 16) 26,13 2.11) 2130. -> 16.
2131.36(0.36) 1.87( 0.36)

2223.28 (0. 14) 8.84( 0.66)

2337.78(0.75) 0.90( 0.42)

26404,74 (0. 79) 0.78( 0.36)

- ——— T D AT C e T D S 5 - — . - - —
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Table 4. Gamma-ray transitions in t01Rry

Eneraqay Relative!? Assignment
(ke V) Intensity

127.16(0.10) 31.09( 1.63) 127, => 0.
179.74 (0.20) 6.96( 1.11) 307. -> 127.
184.30(0.09) 18.35( 1.32) 311, -> 127,
233,69(0.09) 2.98( n,23) 545, -> 311,
238.21(0.09) 3.33( 0.25) 545, -> 307,
281.60(0.66) 0.30( 0.18) 1002. -> 720.
294.,75(0,50) 0.30( 0.15) 422. => 127,
206,80 (0.06) 1000.00(57.80) 307, -> 0.
311.50(0, 34) 1.51( 0.48) 311, -> 0.
384,26 (0.50) 0.43( 0.204) 929. -> 545,
393.33(0.17) 1.49( 0.30) 939, -> 545,
421,84 (0, 24) 0.80( 6.35) 422. -> 0.
515.80(0.25) 1.18( 0.36) 939. -> 422,
531.53(0.07) 11.14( 0.62) 842, -> 311,
545,14 (0. 06) 64.71( 3.31) 545, -> 0.
£17.47 (0, 27) 0.56( 0.11) 929, -> 311,
622.43(0.18) 0.87( 0.14) 629, -> 307,
£27.12{0.13) 4.23( 0.U46) 939, -> 311,
631.89(0.33) ’ 0.45(0.11) 939, -> 307,
673.39(0.6M 0.47( 0.18)

654.73{0.28) 12.6720 7.7% 1002, -> 207,
715.52 (0. 11) 7.48( 0.57) 843, -> 127,
720.09(0.25%) 1.84( 0,31 720, => 0.
810,26 (N.58) 0.52( 0.19) 939, -> 127.
842.79(0.10) 2.50( 0.20) 843, -> 0.
928.61(0. 18) 1.38( 0.23) 929, -> 0.
938.87 (0. 24) 0.95( 0.18) 939, -> 0.

lRelative to 306.80 keV transition ani
maltiply by 0.0905 for transitions/100 dacays
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Gamma-ray coincidences in 10tpc

Gate Coincidences
(kevV) (keV)
195 505,499,1186, 1251
408 1346
499 195,512,934,1251,1532
505 195,80“,1251,1382,1“1&,1532
512 499,505,934
566 1012
590 712,1199,1355,1395
608 105, £95
642 1304
695 883,1186,1251, 1418
701 1251
712 590
778 1012
804 505
877 1160
883 695
888 877
903 695
934 1012
1012 292,566,590,934,1019
1028 1092
1160 871,877
1186 195,695
1199 590
1251 195,505,199,605,702
1304 642
1346 408
1356 590
1382 505
1304 550
1414 505,512
1418 195,695
1532 505, 499
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Table 6. Gamma-ray coincidences in 101Ru

Gate Coincidences
{keV) (keW)

127 180, 184,531,715

184 127,234,531

29u 127

306 238,694

531 127.184,.311

694 307

715 127
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schemes shown in Figures 8 and 9., The levels indicated by a
solid line are judged to be firm levels. In Figures 8 and 9
the intensities are given as gamma rays/100 decays and the
energies are in kev.

The Q-value of the Tc beta decay has been reported to
be 1.32 MeV, as found by analysis of the beta spectrum in
coincidence with the intense 307-keV gamma ray (19). fhe
decay enerqy for Mo is reported to be 2.23 & 0.04 MeV (20).
In this work, gamma-ray intensity imbalances were used to
get the beta feedings of the excited levels. The percent
beta feedings to a particular level were determined by
assuming no beta decay to the qround state of either 1017c

or 191Ru, The log ft values were calculated using LOGFT

(Appendix A) and the results are summarized in Tables 7 and

8.

E. Conclusions.
Several rules were followed in determining the spins
(J) and parities (") for the levels given in Fiqures 8 and
9, The standard rules on these assignments based on log ft
values were suggested by Raman and Gove (21), and are listed

below.

log ft < 5.9 Ag An

= 0,1 = no

log f1t < 8.5 A = 0,1 AT = yes or no

log £ < 11 A5 = 0,9 AT = yes or no
or A3 = 2 AT = yes

log £t < 12.8 Ay = 0,1,2 AT = yes or no
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Summary for beta fed levels in 1017c¢

Level Energy
(kevV)

207.51(. 12)
288.40 (. 10)
394,86 (. 17)
500.37 (. 14)
515.28 (. 16)
520.61 (. 14)
533,48 (.20)
606.42(.21)
616,06 ¢, 13
621.89(.11)
669.83 (. 16)
711.21(.06)
742.35 (. 14)
886.71(. 13)
911.53 (. 26)
1027.92 (. 17)
1122, 34 (. 15)
1187.91(. 11)
1231.99 (. 20)
1319.57 (. 11)
1594,52 (. 09)

12 90N ks X - .
VW Ive rU e 1 V]

1617.73 (. 26)
164410 (, 1)
1677.95 (. 19)
1775.381. 17
1806.10 (. 10)
1808.55 (. 18)
1897.83 (. 11)
1962.23 (. 10)
2001.234. 13
2047.67 (. 16)
2056.74 (. 11)
2129.79 (. 16)
2218.29 (. 25)
2237.72(. 18)
2441.97 (, 15)
2557.86 (, 15)
2573.57 (. 23)
2659.03¢.12)

Percent Beta Log ft
Feeding
10.46(1.4) 6.92(.06)
3.63(.66) 7.32(.08)
0.29(. 18) 8.35(.28)
0.10(.09) 8.74(.39)
<1.76 >7.47
0.92(.48) 7.51(.23)
<0.03 >9.16
5.81(2.9) 6.88(.22)
C.E2{.%7N 7.84(.12)
0.50(.06) 7.93(.05)
0.16(.06) 8.40(.17)
<0.66 >7.74
<0.14 >8.39
0.86 (.40) 7.47(.20)
<0.07 >8.51
3.17(2.9) 6.77(.40)
0.15(. 14) 8.02(.41)
<0.08 >8.22
<0.01 >8.98
6.81(.29) 6.14{.03)
1.43(.25) 6.48(.08)
1032 10) 5.33(.04)
<6.38 >5.80
0.79¢(.1u7) 6.67 {.25)
0.44(.172) 6.88(.12)
1.88¢(.11) §.10{.04)
9.28(2.5) 5.36(.12)
0.61(.06) 6.54(.05)
2.72(.19) 5.75(.04)
14.62{.61) 4.90 (.04)
0.92{.06} 603{.05)
20.23(.59) 4.60(.04)
2.68(.13) 5.46(.004)
2.09(.09) 5.41(.05)
0.36(.07) 5.98(. 10)
0.74(.05) 5.61(.06)
0.63(.04) 5.07(.08)
1.66{.17) 4.16{.11)
0.33(.07) 4.78(. 14)
0.45¢.03) 4.71(.16)

- €2 5 D S 0
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Summary for beta fed levels in 10iRy

Level Energy

{(keV)

Percent Beta

Feeding

127.17 (. 13)
306.82(.07)
311.38(.07)
422.07(.37)
545.10 (.06)
720.08 (.23)
842.83¢.08)
928.92 (. 30)
938.50 (. 27)

1001.57 (. 27)

<.35

89.28(7.0)

0.19(.15)
<. 04
6.17 (. 44)
0.14(.03)
1.88(.12)
0.30(.00)
0.79(.07)
1. 15(. 69)

Log ft

>7. 41
8.79(.04)
7.44 (. 34)
>7.98
5.62 (. 04)
6.99 (. 11)
5.62 (. 04)
6.20(.06)
5.80 (. 05)
5.49(. 26)
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Sirce, in many cases, spin-parity ambiguities can result
from beta decay branches, it is useful to consider the gamma
rays leaving or populating a level in an attempt to further
limit the spin-parity possibilities. The rules governing
gamma-ray transitions are best summarized by considering the
parity change of the transition. If a paritv change is
made, a transition will he most probably E1, but could
possibly be M2 in competition with F1 for very weak
transitions. Tf the pari*y is unchanged, F2 or M1
transitions should prevail., 1In the case of isomeric
transitions, however, higher order multipolarities are
observed, 1In the assignments made in this work, usa was
made of gamma-ray *ransitions for limiting spin-parity
assignments, as discussed separately for each level scheme.

MhaAa noa

~1 b B .
A nulifar i1ewv .
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5 ¢]

iRy have heen studied racently
by several groups(9-11), and their results are in general
agreem=nt with those of this work. The only other 101i7¢
decay study leading to levels in 10t Ru which used
Ge (Li) -Ge (Li) coincidence techniques was by Cook and
Johns {11). Several differences exist hetwaen this work and
that of Cook and Johns, as detailed below,

Cook and Johns teport a 616.2-keV level which is not

populated by gamma rays and has only a single depopulating

gamma ray of 489-keV, ip coincidence with the 127-keV
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transition. This level is seen in Coulomb excitation
studies (22) and in the decay of 101Rh (23). 1In this work,
of comparable sensitivity to that of Cook and Johns, the
489-keV gamma ray was not seen in either singles or
coincidence spectra and there was no other evidence to
indicate a level at 616-keV. Accordingly, the 616-keV level
is not included in this work.

The 720.08-keV level that is dashed in this work is
reported as a firm level by Cook and Johns.(11). The CI of
this level (2) was insufficient to warrant assignment as a
firm level.

The 1001.57-keV level is substantiated by the presence
of the 360.8-keV gamma ray in the 694-keV coincidence gate.
This level is not reported by Cook and Johns (11) but is
seen in the 100Mo(a,3n)101Ru studies by Lederer, Jaklevic
and Hollander (2m)

Nc single krown nuclear model canm adeguately describe
the 101Ry nucleus. The ground state spin has heen measnred
as J=5/2 (25). This is consistent with a ground state
neutron confiquration of (g7/2)6(ds/2)l (see Figures 3 and
18) . The 306.82-keV state.probably has the (q7/2)5(d5/2)2
configuration, as indicated by the strong beta group feeding

this level. This beta decay probably involves the "allowed®

beta transition of a q9/2 proton to a q7/2 neutron,
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The energy of the first excited 2+ state of 100Ry is at
450-kevV (26). The coupling of a d5/2 neutron to this state
should give a series of levels with J of 172+, 3/2¢, 5/2+,
772+ and 9/2+4, with a center of gravity at 450 keV,
according to a simple particle-core coupling scheme. The
127.18(3/2+), 311.40(5/2+) and 842.84(7/2+) levels are
possible choices because of their decay properties.

However, no 9/2+ state appears to decay predominantly to
other members of this coupling multiplet. The 842-keV level
is depopulated principally to the 311-keV and 127-keV
states., The 311-keV level is depopulated more strongly to
the 127-keV -level than to the ground state. No 1/2+ state
is apparent in this work, which is not surprisirng,
considering the high parent activity spin of 1/2+., These
attempts to fit a partiéle—plus-core coupling model to 101Ry

PP n 2

is conesidared to bo specoulative, especially in view of the
lack of intormation on transition multipolarities and level
characteristics from stripping or pick-up reaction studies,

The 101Tc levels are more numerous than the !0!Ry
levels. The spins and parities of the levels were
determined using the rules mentioned above, along with some
other basic restrictions, If the choice could not be
narrowved to three or less spins and parities for a

particular level, no assignment was made, Observed

gamma-ray transitions were assumed to have only E1, #1 or
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E2 multipolarities, and the presence of transitions to the
772+ level at 9 keV was instrumental in discarding some
possible spin assignments.,

The following levels are postulated in this work but
not indicated by Cook and Johns (11): 520.61, 911.53,
1122.34, 1617.73, 1644,44, 1808,55, 2218.29, 2u441.97,
2557.86, 2573.57 and 2659.03 keV, The 1617-keV state has
four gamma rays associated with other firm levels. One of
these gamma rays, at 590.1 kev, was found *o be coincident
with the 7012.5-keV gamma ray which depopulates the
1027.92-keV level. The 2441,97-kevV level is connected with
three firm levels. The 1414,16-keV gamma ray is coincident
with the 512,18-keV gamma ray. These two gamma rays are in
a cascade involving the 2441,97-, 1027.97-, and 515, 28-keV
states.

A,

Thue S577.53-, 1808.35-, ZZi

[e 4]

«29= and 2573.%7-XeV states
are all connected yith sets of four kno¥n levels. The

2557.86-keV state is connected to fiv

ve firm levels by gamma
transitions and the 1122,34-keV state is connected to seven
firm levels by gamma transitions. The level at 520.61 keV
is associated with five other states, four of which are firnm
levels. The 1644.44~ and 2659.03-keV levels are only
associated with three other levels and are dashed to

indicate a lack of firmness.
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Cook and Johns report the 1025,59-, 1141.5-, 1197.3-,
1449,.0-, 1565.09-, 1829.9-, 1928.88-, 2150.3-, and
2252.6-keV levels that were not deduced in this work The
2252.6-keV level is associated with only one gamma ray, with
this gamma ray found in the coincidence spectra. In this
work, the gamma ray was seen in the singles spectrum but not
in the coincidence spectra. The 1197.3- and 1892.9-keV
levels are also just associated with a single gamma ray per
level, listed as a possible coincidence. Neither of the
gamma rays were seen in this work. The 1025.59- and
2150.3-keV states are connected to other levels by two gamma
rays apiece, with one of each being a coincident gamma ray.
Both the coincident gamma ray for the 1025-keV lével and the
gamma ray, not verified by colncidences, for the 2150-keV
level were seen in this work in the equilibrium singles
experiment. The 1141.5-keV level is connected to two levels
by possible coincidences, one of which is seen in this work
in the singles spectrum The 1449.0- and 1565.09-keV states
are the middle states of gamma-ray cascades, the cascades
being listed in +he coincidence data of Cook and Johns.
Neither of the gamma rays associated with the i449-keV level
and only one of the gamma rays associated with the 1565-keV
state were seen in this work®’s singles spectrum. The
1928.88-%eV level has four gamma rays associated with it,

with three of them found in the coincidence spectra. These
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four gamma rays were not seen in the singles or coincidence
spectra of this work.

It might also be mentioned that Cook and Johns have
placed 139 gamma rays in 45 levels for an average of 3.089
gamma rays per level. This work has placed 169 gamma rays
in 45 levels for an average of 3,756 gamma rays per level.
Their singles experiments were performed using a 12 cm?

Ge (Li) detector with a resolution of 2.9 keV at 1332 keV and
a thin windovw Ge(Li) detector with a resolution of 700 eV at
122 keV., Their coincidence data was. collected with 36-cnm3
and 40-cm3 Ge(Li) detectors.

The reader is referred to Part I of this work for a

discussion of a five-particle shell-model calculation as

applied to t01i7c,
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ITI. RUCLEAR DECAYS OF 14%2Xe AND 142Cs

A. Introduction
Previous work on the short-lived activities !42%e and
142Cs has been done at the Ames lLaboratory by larsen,
Talbert and HcConnell (27) and by Adams et al. (28). Adams
to be 4.9 ¢+ 0.1 MeV and the beta decay energy for 1%2Cs

decay to be 6.89+ 0,06 MeV, The work by Larsen et al.

L]

epcrted preliminary level schemes for 1%2Cs and t42Ba. The
half-lives for the 142Ye and 142Cs decays have'been measured
to be 1.24 and 1.68 sec, respectively (29).

The motivation for this work cam2 from the need to

extend the previous experimental results to obtain a better

knowledge of nuclear systematics in this region.

k. Experimental Procedure

A sample of fully eariched 2357 in the stearate form is
........ cam of 3 X 70° neutrons/cmZ-sec at the
Anes Laboratory Research Reactor. The sample is spread out
on several shallow trays in an aluminum container., As the
sample undergoes fission, the noble gas products emanate and
drift to the ion source of the isotope separator through a
1.6-m transport line. A sweep gas, composed of 1% stable
Kr, 1% stable ¥e and 98% stable He, is used to decrease the

transport time to the ion source.
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1.__TRISTAN

A schematic view of the TRISTAN on-line isotope
separator (30) is shown in Figure 10. The ion source
ionizes the fission products and the sweep gas.

Differential pumping removes the un-ionized molecules as the
ions are extracted, then accelerated through 50 kV. The ion
beam is then focused by a pair of electrostatic lenses and
introduced into a 1.6-m, 90° analyzing magnet. The mass of
interest is selected from the fully dispersed ion beam in
the collector box, at the magnet focal plane, by means of a
slit that allcws only the mass of interest to proceed to the
switching magnet. The switching magnet further focuses and
purifies the beam while directing it to one of the |

experimental facilities.

2.__Isobaric_separation

The mass distribution of fission products from 23S0 is
shovn in Figure 11, Only the 142Ye menber of the A=142
isobaric chain is emanated in a sufficient gquantity to be
studied at the experimental ports of TRISTAN. The ion beam
is deposited at the moving tape collector (HTC), which
contains about 610 m of 0.025-mm thick aluminized mylar.
The MTC has two ports at the point of beam deposit and two
additional ports at a location shielded from the point of

deposit by lead bricks, Iscbaric separation of the members
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of a decay chain can be accomplished by use of the MTC in
one of three modes. The parent activity can be optimized by
continuously moving the tape and therefore removing the
daughter from the ports at the point of deposit. To study a
short-lived daughter, the MTC can be used with collect,'
delay, accumulate and transport times operated sequentially.
In other words the beam is deposited, the parent decays,

the short-lived daughter is counted and then the
longer-lived daughters are removed from the detector ports.
The last method of operation is used when a longer-lived
daughter is to be studied. The MTC is used with
collect-transport and delay-accumulate times operated
sequentially. In other words, the beam is deposited at the
first port, then moved to the second set of ports where the
detectors are located, The short-lived activity is allowed
to die off. then the Tonger-iived activity
Times used to optimize the activity of a particular sample
are determined by the program ISOBAR described in Reference
31.

The 142Xe~142Cs activity was collected for 30-min
periods at the beam deposit port of the MTC. After this
time interval, the tape was moved to eliminate continued
buildup of the long-lived daughter activites 142Ba, T1/2
1.7 min, and t%2La, 71/2 = G2 min (29). The detectors used

in the experiment are listed in Appendix B. Block diagrams
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and general descriptions of the experimental systems are
also given in Appendix R, The gamma~-ray spectrum of the
142Ye-142Cs decay is shown in Fiqure 12, It should be noted
that the spectrum from 15 to 270 keV was obtained using the
1-cc LEPS detector while the 57.3-cc Ge(Li) detector was

used for the other five spectra of Fiqure 12.

C. Data Analysis

The singles and coincidence spectra were analyzed using

the programs SKEWGAUS and DRUDGE in the same mann

- ~w kL L L
PLECSt TR S VR

iat the
A=101 data wvas analyzed{ The assignment of photopeaks to
either the Xe or Cs decay was made from the assignments
reported by Larsen et al. derived from comparison of an
equilibrium spectrum to a spectrum that had been enhanced in
Xe decay by the MTC daughtzr analysis unit.

The gamma-ray calibration sources given in Appendix B
are inadequate for energies greater than about 3500 kev.
When the pair production interaction is likely in a Ge({Li)

detector, additional spectrum peaks are seen at the

gamma-ray energies minus 1022 and 511 keV, These peaks are

callad douhle- and

.
-
single-escape peak

S, Tespectively. A
precise enerqgy calibration above 3500 keV was determined by
using double-escape peaks to locate exact energiés of the
parent peaks.

The gamma-ray lists for the 142Xe and !%2cs decay are

¢iven in Tables 9 and 10, respectively. The results of the
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Fnergy
(ke V)

12.20 *
19.77(0.13)
20.80(0.08)
33,00 *
38.83(0.07)
38.83(0.07)
46.13(0.09)
57.50 %
57.50 *
70.10 (0. 40)
72.86 (0. 06)
94.61(0. 26)
100.80(0.57)
100.80 (0.57)
105.61(0.24)
113.36 (0. 25)
117.53(0.32)
119,87 (0. 36)
124.52(0.18)
157.55(0.09)
167,70 (0.23)
165,06 (0.09)
167.42(0.61)
170.98 (0. 43)
151.70{0.08)
197.44 (0. 14)
203.79(0.07T)
203.79 (0.07)
211.66 (0. 34)
215.11(0.27
239.52(0.39)
242.83 (0. 58)
250.68(0.09)
264.25(0.27)
286.66(0.07)

68

Relativel
Intensity

1.54
32.30( 9.07)
134,.59(11.38)
0.32
22.01( 3.01)
233.36(17.27)
49,50 ( 8.02)
0.14
0.14
23.70(10.16)
274,26 (16.52)
15.03( 9.24)
3.69( 1.19)
3.69( 1.19)
19.77( 2.78)
17.78( 2.71)
22.86( u,uu)
25.39( 4.13)
85.53(17.78)
1764.17410.97)
32.84( 4.23)
217.75(12.60)
17.47( 6.086)
15.17( 3.69)
5¢.71{20.01)
67.72( 8.u43)
275.68(14,22)
644.95(29.12)
38.67( 8.77)
53.73(10.19)
39.85({11.65)
26.99(12.60)
320.14¢21.70)
15, 64( 3.49)
170.92¢( 9.31)

a3
.

Gamma-ray tranrsitions in ts2Cs

12. >
776. ->
243, ->

39, ->
283, >

85. ->
657. ->

0. =>

70. ->

85. =>
304, ->
757. ->
04, ->

1195, ->
776. ~>
210. ->
243, ->
204, ~->
Quy, ->
210. >
204, ->
210. ~>
204, ~>
243, ->
251, =>
308, ~>
243, ->
251, >
nag, ->
qu3, ->

1Rela*ive +0 571.83 keV +ransition

*Gamma ray *too weak to be seen at this enarqy

85,

C.
0.
39.
657.
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le 9. continued)
Energy Relative!l Assignment
{keV) Intensity

291.95(0.07) 175.39(¢ 9.41) 304, -> 12,
304.30(0.36) 17.48( 5.25) 304, -> 0.
309.06{0.07) 272.09(14,.76)

312.99 (0.23) 30.68( 5.42) 732. -> 419,
330.22(0.22) 22.86( 2.91)

334,73(0.10) 122.98( 8. 16)

337.06(0.46) 20.59( 5.01)

345.04 {0430 57.83(11.51) 600. -> 251,
352.97(0.15) 126.63(13.44) 657. -> 304,
373.42(0.47) 8.97( 3.56)

379.90(0.08) 102.97( 6.23) 419, -> 39,
394,20 (0.10) 174,548 (11, 34) 598. -> 204,
uo4.u5(0.4u) 20.04( 4.91) - 2500. -> 2095.
406.47(0.10) 109.60( 7.79) 657. -> 251,
414.52(0.07) 467.97(24,58) 657. -> 243,
418.47(0.31) 35.92( 5.82) 419, -> 0.
421.77(1.07 11.95( 5.89)

428.44(0.23) 54,89( 6.43) 732. -> 304,
432.36(0.16) 115.76(11.38) 1090. -> 657.
438.19¢(0.17 £2.88¢ ¢ _um 1195, => 757.
447.23(0.11) 69.78( 6.77) 657. -> 210.
453.15(0.07) 198.89(11.55) 657. -> 204,
u68.17{0.07) 202,48{12.19) 7i9. -> 251,
468.17(0.07) 33.86( 2.03) 1068. -> 600.
497,46(0.26) 22.86{ 4.57)

524.44(0.11) 75.74( 6.03) 1614. -> 1090,
538.24{0.07) 768.57(40.80) 1195. -> 657.
547.69(0.21) 67.35(11, 24) 757. -> 210.
557.82(0.19) T4.U46( 8.94)

562.79{0.39%) 25.26€ 6.81)

571.83(0.06) 1000.00(51.53) 657. ->  85.
577.92(0.30) 33.83¢( 6.70)

582.U9(0.24) 43.71(¢ 7.1 886. -> 304,
587.10 (0. 35) 29.56( 7.38) 657. ->  70.
605.56(0.08) 220.05(13,51)

618.06(0.07) 720,97(40.63) 657. -> 39.
§27.41{1.94) 8.46{11.00)

644.80(0.07) $32.90(35.08) 657. ~> 12.
657.05(0.06) 791.02(40.50) 657. => 0.
661.921¢0.47) 29,737 7.55) 732. -> 70.
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Table 9. continued)
Energy Relativel Assignment
(keV) Intensity
664.58(0.11) 168.38(11,58)
669.07 (0.42) 28.10( 5.93)
672,.20(0.19) 73.85( 7.08) 757. => 85.
693.60 (0. 10) 51.67( 3.83) 732, -> 39.
709.05(0.30) 19.54( 4.40)
718.20 (0. 39) 7.08( 2.37) 757. -> 39.
718.20(0.39) 7.08( 2.37) 719. -> 0.
724.34(0.65) 12.60( 5.69)
727.08 (0.42) 18.49( 5,82) 978. -> 251,
735.45(0.35) 64.23(14,25)
737.37(0.17) 126.02(16.32) 776. -> 39.
T41.03(0.26) 33.22( u4.47)
744,36 (0.24) 30.54( 4,40 757. -> 12.
761.65(0.35) 17.71( 3.69)
765.66 (0.21) 33.93( 4.03) 1195, -> 1961.
776.05(0.20) 27.53( 3.89) 776. -> 0.
792.18 (0. 28) 22.96( 4.67)
801.24(0.19) 62.00( 6.94) 386. -> 85.
807.39 (0.26) 56.85( 8.43) 1876. -> 1068.
815.88(0.21) 36.30( 5.52) g88s, -> 70.
82332 (0. 19) 36.40( 4.00)
829.65(0.35) 12.53( 3.32)
862.90¢0.21 27.22¢ 4.33) 1067. -> 204,
891.40(0.13) 112.04( 9.1 1195, -> 304.
917,604 10.27) 25.73( 5.62) 1984, -> 1067.
930.26(0.31) 23.50( 4.60)
943.79(0.48) 28.54( 9.92) 3, -> 0.
957.27(0.21) 66.87( 9.65) 1614, -> 657.
983.48(0.48) 24,82( 6.23) 1068, -> 85.
551.23{0.11) 88.70{ 6.84) 1195, -> 204,
996.41(0.21) 36.40( 5.08) 1067. -> 70.
1020.15{0.27) 25.97( 4.60)
1040.36 (0.48) 15.54( 4.13) 1984. -> 94y,
1068.29(0.27) 26.48( 4.81) 1068. -> 0.
1089.71(0.52) 12.46( 4,10) 1080, -> 0.
1108.33(0.31 T.11( 0.2T) 1312, -> 20u.
1156 .80 (0. 14) 66.26{ 4.98) i876. -> 718,
1164.72(0.22) 30.47( 3.59)
1183.45{0.36) 27.36( 4,94) 1195. -> 12,
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Table 9. continued)
Energy Relativel Assignment
(keV) Intensity

1187.39(0. 18) 57.56( 5.76) 2500. -> 1312,
1195.43 (0. 30) 45.03( 7.04) 1195. -> 0.
1219.23(0.22) 62.20( 8.46) 1876. -> 657.
1227.07(0.07) 188.90(10.77) 1312, > 85.
1232.99(0.16) 48.28( 4.84)

1257.96 (0.11) 77.20( 5.93)

1300.09(0.06) 305.78(16.15) 1312, -> 12.
1303.97¢0.31) 2u,21¢ 1, 08) 1961, -> 657,
1312.29(0.06) 213.62(11,72) 1312, > 0.
1338.28(0.33) 28.75( 5.72) 2095. -> 1757,
1363.32(0.31) 17.88( 3.39) 1961. -> 598,
1376.58 (0. 30) 22.08¢( 3.01) 2095. ~-> 719,
1384.47(0.41) 16.86( 2.95) 1984, -> 600,
1395.04 (0.27) 17.27( 2.51) 2282, -> 886,
1410.60(0.10) 58.95( 4.30) 1614, -> 204,
1431,67(0.55) 12.29( 3.86) 2500. -> 1068.
1456.50(0.55) 12.32( 3.83) 1876. -> 419,
1486 .94 (0.98) 6.50( 3.72)

1511.70(0.78) 6.67( 2.98)

1520.41(0.46) 11.48¢( 3.18)

1805 1270 n5) 13.88{ 3.56%)

1602.15(0.32) 19.40( 3.59) 1614, -> 12,
1607.01(0.22) 34.94¢ 4,00)

1616.33(0.57) 10.23¢( 3.22)

1624.76(0.74) 7-75¢( 3.25) 1876, -> 251,
1632.90 (0.40) W.u2( 3.45) 1876. -> 243,
1710.88(0.27) 21.23¢ 3.42) 1961. -> 251,
1718.87(0.82) 9.31( 3.89) 1961. -> 242,
1773.28(0.67) 12.73( 4.71)

1781.67(0. 4y 17.37¢{ 5.76; 2560. -> 7i9.
1789.51(0.76) 10.53{ 4.13) 1876. => 85.
1804.63(0.51) 11.58( 3.35) 1876. -> 70.
1837.13(0. 48) 18.59( 4.47) 1876. -> 39,
1844.51(0.32) 20.25( 3.69) 2095. -> 251,
1862,19(0.58) 14.80( 4.64) 2282. -> 819,
1875.76 (0. 50) 17.27( 4.88) 1876. -> 0.
1902.05(0.18) 75.57( 7.0u) 2500. -> 598,
1972.13(1.49) 5.79( 4.74) 1984, -> 12.
2077.66(0.53) 16.49( 4.54) 2282. -> 204,

- —
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Eneraqgy
(keV)

Relative!l
Intensity

Gamma-ray transitions in 14283

DT T e i i G 0 S e T e i e (s s e e e S e . B ot S S St i e S . S . S e e o o S P S o "t S

100.60 (0, 50)
209.32(0,74)
325.00(0.50)
359,60 (0.07)
401.39(0.61)
459,10 (0. 75)
475,13 (0. 24)
510.71(0. 16)
608.27(0.29)
858.11(0.17)
932.67 (0. 11)
966,85 (0. 06)
986.95(0,21)
1014.99 (0, 39)
1064.,46 (0. 10)
1099.07(0.89)
1101.16(0.43)
1118.58 (0. 44)
1136.98 (0, 25)
1175.93 (0. 06)
1952.59 (0. 27)
1243, 24 (0. 12)
1279.96 (0, 07)
1326.49 (0. 05)
1333.45(0.17)
1422,22 (0. 18y
424,05 (0. 20)
1559,83 (0. 15)
1610.92(0.18)
1768.56 (0.17)
1817.99 (0. 18)
1899,08 (0. 15)
1915,85(0.37)
1935.25 (0. 20)
1956.83 (0. 33)
1960.70 (0, 74)
1982, 14 (0. 13)

0.00 (
5.12(
2,63

0.00)
2.51)
0.77)

1000.00 (51, 48)

2,02 (

5. Ul (
11.37¢
77.63(
12.00 (

9.16 (
24,69 (

0.67)
2.51)
1.67)
9.10)
2.16)
1.16)
1.81)

283.35(15.03)

13.51(
6.15(
26,50 (
4.58(
9.45(
.23
6.59 (
102,52 (
i5.234
18,02 (
61.95 (

1.74)
1.33)
1.75)
2.90)
2.94)
1.45)
1.21
5. 50)
7.9
1.60)
3.63)

302,96 (17.53)

18.03(
30.92¢
27.02¢(
16,22 (
12,57 ¢
17.10 (
12.22¢(
28.96 {
5.90 (
12,57
9.32¢
B, 12
43.98(

l1Relative o 359.60 keV

1.89)
4, 94)
4.85)
1.55)
1.24)
1.58)
1.28)
2.31)
1.18)
1.36)
1.56)
1.57)
2.83)

transition

Assignmant
1536. -> 1327.
5821, => 5496,

360, -> N,
2185, -> 1784,
835, -> 360.
6547, -> 5939,
2185. -> 1327,
1327. => 360.
2342, -> 1327.
2882. -> 1784,
5982. -> 4863,
2484, -> 1327,
2502, -> 1327.
GRAT, => AT,
2570, -> 1327.
1327, =-> 0.
1734, -> 360,
2886. -> 1327,
5821. => 4052.
3144, -> 1327,
3262. -> 1327.
3283, -> 1327,
2342, ->  360.
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ble 10. (continued)
Energy Relativetl Assignment
(keV) Intensity

2050.95(0.72) 2.99( 1.19)

2056.09(0.49) 4,56 ( 1.15)

2246.,73(0.24) 14.02( 1.55) 3573. -> 1327,
2254.06{0.29) 9.56 ( 1.35)

2341,.59 (0.36) 6.48( 1.04) 2342, -> 0.
2351.32(0.44) 4.68( 0.95) 5496. -> 3144,
2393.72(2.03) 1.78( 1.61) 5280. -> 2886.
2397.83(0.24) 26.33( 2.25) 5280, -> 2883,
2812.174(0.92) 2.61( 1.17)

2508.92(0.66) 3.92( 1.23)

2522.89(0.35) 8.95( 1.37) 2883, -> 360,
2575.85(0.57) 3.79( 1.05)

2613.24 (0. 35) 7.19( 1.11) 5496, -> 2882.
2656 .04 (0.62) 3.88( 1.17) 5939, -> 3283.
2677.23(0.99) 2.28( 1.17) 5939, -> 3262.
2725.77(0.24) 16.17( 1.31) 4052. -> 1327.
2757.29 (0.27) 12.47( 1.35)

2784.61(0. 46) 4.71( 1.08) 3148, -> 360.
2796.60 (0.63) 3.20( 1.00)

2839.64 (0. 84) 2.53( 1.00)

ZRAZ_UR (O 27) 12.81{ 1.2 285853, -» O
2923.49(0.29) 17.11( 1.55) 3283. -> 360.
2938.59(0.50) 4.52( 0.98) 5280. -> 2342,
2988.55(0.72) 3.36( 1.16)

3079.30(1.69) 1.33( 1.01) 4863, -> 1784,
3144.17(0.49) 5.64.( 1.16) Iy, > 0.
3167.69(0.63) 4.01¢ 1.16) 6741, -> 3573,
3261.58(0.u44) 6.16( 1.03) 3262. -> 0.
3283.35(0.31) 20.62( 1.98) 3283, -> 0.
3169.18(0.95) 2.08¢( 0,92 5$3%. -> 2576.
3426.46 (0.37) 8.73( 1.14)

3573.28(0.31) 23.19¢( 1.68) 3573. -> 0.
3661.52(0.74) 2.99( 0.93) 6547, -> 2886.
3786.29(0.43) 6.92( 1.02)

3797.52(0.42) 7.56( 1.03) 5982. -> 2185,
3835,01(0.39) 9.26( 1.07)

3870.47(0.47) T.13( 1.16)

3897.94(0.66) 3.40( 0.88)

3931.74 (0. 39) 9.41¢ 1.10)

4009.33(0.70) 2.60( 0.65)
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ble 10. (continued)
Fnerqy Relative! Assignment
(keV) Intensity

4028.31(0.45) 5.00( 0.69) 4863. -> 835.
4037.07(0.51) 3.74( 0.67) 5821. -> 1784,
4085.69(0.55) 3.19( 0.68)

145,704 (1.10) 1.65( 0.79)

4178.55(0.67) 3.32( 0.83) 6681. -> 2502,
4198.30(1.01) 1.77( 0.69) 5982. -> 1784,
4205.49(0.7%) 2.73( 0.869) 6547. -> 2342,
4217,49¢1,10) 1.52{ 0.69) 6681, -> 2u63.
4238,22(0.42) 7.81( 0.92) 6741, -> 2502.
4250.64(0.73) 2.60( 0.70)

4277.37(0.48) 5.08( 0.74) 6741. -> 2463,
4362.91(1.62) 1.02( 0.73) 6547. -> 2185,
4369.27 (0.40) 0.58( 1.01)

4418.24(0.u1) 8.56 ( 0.85)

4494,21(0.57) 3.07( 0.62) 5821. -> 1327,
U537.24(1.04) 1.30( 0.46)

4549,.60 (0.82) 1.77( 0.47)

4564.84(0.67) 2.37( 0.47)

4578.16 (0.67) 2.29( 0.62)

4609.80 (0. 68) 1.89( 0.uR)

$647.80 (0.51) 3.58( 0.50)

4670.24(1.28) 0.65( 0.30)

4681.77(0.90) 1.00¢ 0.30)

L694.65(0.69) T.41( 0.37)

4720,.39¢1.09) C.5%{ 0.24%)

4738.37(1.09) 0.59( 0.20)

£812.19(0.79) 0.95( 0.24)

4862.73(1.26) 0.62( 0.25) 4863. -> 0.
4891.05(0.80) 1.37( 0.32)

4896.81({0.98) 0.95¢ 0.31) 6681. -> 1784,
4937.14 (1.19) 0.47( 0.19)

4955.49(1.36) 0.39( 0.18)

4993,64 (1.25) 0.43( 0.18)

5006.17(0.89) 0.78( 0.19)

5028.21(1.13) 0.46¢ 0.19)

S374.13(1.41) 0.40( 0.13)
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Table 11. Gamma-ray coincidences in 142Cs
Gate Coincidences
(keV) (kev)

20 414,572
46 572,644
72 124,157,299,494,538,571
94 124,197
124 73,94, 414,547
157 73,414,538
165 414,453
191 406,474,453
197 94,414,547
203 394,406,414,453,538
211 406, 1108
219 73,352
250 349,406
286 352
291 352,891
349 250
394 191,203
406 250
414 73,157,164,191,203,231,538
524 250
538 157,191,2C3,231,250,352,414,453,571
617,644,656
571 73,538
618 538
sun 538
657 538
$30 1372
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Table 12. Gamma-ray coincidences in 142Ba
Gate Coincidences
{(keVy (keV)
100 359, 1422
359 475,510,858,932,966,986,1064,1136,
1175, 1192 12&3 1279 1333,!&22 1559
1610,1768,1818,1915,1935,1956, 1960,
2246,2254,2341,2397,2522,2725,2923,
2938,3079,3369,3425,3897
932 359, 1175
966 359
1064 359,966
1175 359,966
1279 359
1326 1015,1137,1243,1818,1935, 1956, 2246,
2725
1333 359
1422 359,966,986, 1326
1559 359,966, 1326
1768 359, 1064
1899 359,966,1935
1935 359,966,1279,1326, 1899
1082 355,586
2246 359,966, 1326
2254 359
2725 359,966, 1326
2923 359
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coincidence experiments are listed in Tables 11 and 12.

D. Results

The level schemes of 142Cs and !42Ba are shown in
Figures 13 and 14, The same rules were used in constructing
these level schemes as were used for those previously
described for 191Tc and 191Ru., The transition intensities
in Fiqgures 13 and 14 are the same as in Tables 9 and 10.

Estimations of the ground state-beta branching for the
level scheme of 142Ba was obtained in the following manner.
The intensity of the 641.17-keV gamma ray, assigned to the
14213 Activity, was used to determine the number of 142Cs
decays over a given period of time. The relative amounts of
Cs and La activity in the spectrum were determined by

referring to the data accumulation times used, and solving

for the activities from +he B
ground-state beta branch, of 44 + 6 %, was determined by
subtracting the transition intensity feeding the ground
state from the number of 142Cs decays.

The procedure was modified for the 142Cs levels because
of the presence of a large number of low energy gamma rays
that could be highly converted. If the twenty lowest energy
levels (those below 1066.66 keV) are treated as a single
level for beta decay purposes, beta branching for the levels
at* 1066.66 keV and above can be calculated without knowing

the transiticen types, This is important since the range of
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internal conversion coefficients (32) for E1, M1 and E2
transitions range from 0.0043, 0.0174 and 0.014 at 430.0 kevV
to 3.1, 14.6 and 1514.0 at 19.77 keV, respectively.

| Some of the low-energy gamma rays that are indicated by
coincidence experiments and dacay energy sums were not seen
in the singles or coincidence spectrum, It was assumed that
these transitions are not seen in the gamma-ray spectrum
because they are so highly converted. The minimum peak
intensity that could be detected was assigned as the
intensity limit of these gamma rays. This intensity vas
taken to be (FWHM) x 1.5 x VN , where N is the number of
background counts at the peak's location and FHHN is the
peak Full-Width-at-Half-Maximum. These gamma rays are noted

with asterisks in Table 9.

E. Conclusions
Eleven levels were added to the decay scheme of 142)e
reported by Larsen et al. {27). The new levels at 418,78,
1961.17 and 2499.87 keV have five gamma rays connecting thenm
to other known states, The new 732.33-, 886,28-, 1089.57-,

1614.22-, 1984

v e v H ~ e

- MNnac Y L.
2"*‘ QNG 2V90ee 7R

”w

\J

q
,-d
@

2v21s have four gamma
rays associating them with other known levels. Only three
gamma rays connect the 1066.66- and 2281.30-keV levels,
which are dashed in the level schenme,.

The log ft values for the 142Cs <energy levels above 943

kev, given in Table 13, indicate mostly allowed beta decay.
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Table 13. Summary for beta fed levels in 142Cs

Level Energy Percent Beta Log ft
(keV) Feeding
1066 0.44(0.11) 6.33
10€8 0.21(0.16) 6.66
1089 0.14 (0. 20) 6.81
1195 14.67(0.58) 4.75
1312 8.71(0.31) 4.92
1614 2.90(0.17) 5.23
1876 3.64(0.22) 4.98
1961 1.40(0.11) 5.35
1984 0.891(0.12) 5.53
2095 0.66(0.12) 5.59
2281 0.63(0.09) 5.48

2500 2.40(0.16) 4.75
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Since the ground state of the even-even parent has a
spin-parity of 0+, allowed beta decay would go to energy
levels with spin-parity of O+ or 1+. These even-parity
levels probably involve an i13/2 neutron and a 97/2 proton.
The 142Cs ground state should be a 97/2 proton coupled to an
f7/2 neutron, so most of the low-lying energy levels should
have negative parity. Determination of the spins and
parities of these states depends upon the low-energy gamma
rays. The multipolarities for the low-energy transitions
must be determined in order to solidify the !42Cs level
scheme, perhaps by internal conversion electron
measurements. Until this is done, the spin-parity
assignments of the low-energy levels cannot be made.
Twenty-one nevw levels bave been added tc the 142Ba
level scheme of Larsen et al. (27). The level at 2882,49
eV is suppurtied by five gamma rays, two of which are listed
as coincidences. The 3283.24-keV state is connected to four
other energy levels and tuwc cf these gamma rTays are listed
as coincidences, One coincident, and three additional gamma
rays connect the states a+ 2184,60, 3144.41, 5820.31 and
5839.13 keV to other known levels. The new levels at
4863.16 and 6547.L4 keV are supported by four gamma rays
leading to other known states. The 5280.31-keV level is

connected to three other levels, two of these levels by

coincident gamma rays. Three gamma rays, one of which is
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listed as ccincident, connect the 2463,45-,2502.42-, on
2463.45-, 2502.42-, 2886.30-, 3261.71- and the 3573.23-keV
levels to other known states. Three non-coincident gamnma
rays connect the levels at 5495.73, 5981.97, 6680.82 and
6740.75 keV to other known states and they are dashed to
indicate their lack of firmness. The levels at 2569.72 and
4052,23 keV are associated with two gamma rays, both of
which are listed as coincidences. The new level at 834.76
keV is supported by two connecting gamma rays, one 2f which
is listed in the coincidence table,

Not enough supportive evidence was present in this work
to confirm the existence of five levels reported in the
partial level scheme given by Larsen et al. (27). The
levels at 1423, 1639 and 2128 keV are supported only by a
single coincident gamma ray. Two gamma rays, one of these

~NAIT RS AAand: seamana - ” tL

- -
vvvvvvvvvv WLy vwaHuTuL ine

535-KeV level tu two other states.
However, the 208.8 keV gamma ray was not detected in this

work. The level at 2757 keV ig connected

ct

¢ three other
levels by gamma rays not seen in the coincidence
experiments. Two of the three gamma rays were seen in this
work but the CI is too low (<4) for a level to exist.

The log ft values of the 142Cs beta decay are listed in
Table 14, With the ground state of 142Cs probably bheing
negative parity, the M"allowed" beta decay indicated by the

ground-state branch log ft would give negative parity to the
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e 14, Summary for beta fed levels in 142Ba

Level Energy Percent Beta Log ft
(kev) Feeding

44.00(6.00) 5.59

359 24,38 (2. 14) 5.75
834y 0.25(0.07) 7.59
1326 15.52(0.93) 5.63
1783 0.49(0.23) 6.98
2184 0.10(0.07) 7.50
2342 1.91(0.13) 6.17
2502 3 50 (0. 22) 5.84
2569 0.6210.07) §.56
2886 0 44 (0. 09) 6.57
3144 0.69(0.09) 6.25
3262 0.64(0.08) 6.22
3283 1.67(0.12) 5.79
3573 1.28(0.09) 5.75
4052 <0.0u4 >6.95
4869 0.10(0.07) 5.96
5280 1.26 (0. 11) 4.49
5496 0.35(0.07) 4.81
5821 1.03(0.07) 3.91
5982 0.52(0.01) 3.94
6547 0.73{0.09) 2.35
cean 0.22{0.04) 2,19
6741 0.65(0.06) 1.27
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even-even ground state of 1'42Ba. This, of course, is
unreasonable and the apparently low log ft values are a

strong indication that serious problems exist with this

level scheme,

The spin and parity assignments of the low-lying 1%2Ba
energy levels are made on the basis of nuclear systematics.
The 4+ state at 834 keV that Larsen et al. alluded to has
been firmly established. This state is predicted by
observing neutron pairs being added to t38Ba. Another
interesting structure note in this region is illustrated in
Figure 15. Tt appears that low-energy structures of Ba
nuclei 2n-neutron pairs below N=82 are similar to those of
Ba nuclei n-neutron pairs above N=82 (33). Further attempts
to fit this nucleus to a .specific model must be delayed
until the level scheme is on firm footing. The bootstraping

Y T e
procadere gsed

S deteiilne the energies of gamma rays above
3500 keV appears to be adequate and it is hoped that the
serious problems with this level scheme can be resolved by a
closer analysis of the coincidence data. The possibility
exists that the relatively important 966-, 1064-, 1175-, and
1326-keV gamma rays are doublets and detailed interpretation

of the coincidence data should indicate their placement.
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IVv. APPENDIX A: COMPUTER PROGRANMS

ﬁ. SKEWRGAUS

Due to the non-Gaussian shape of Ge{Li) photopeaks, the
computer program SKEWGAUS was used to determine the areas
and exact location of these gamma-ray peaks. For fitting
purposes, each peak is divided into three regions by
SKEWGAUS, A linear or quadratic background is constructed,
and then allowed to'vary with the other peak parameters to
give a best it to the data.

The functions used are:

Region Function
1 N{e {1-A+B(X+X0) 1+ A}
_Xz
2 N fa (1-3) 2}
_Xz 5
3 N{e (1-CX )}
E.L - F
where X = —723———-
Y2 S

ﬁ) is the centroid energy and S is the Gaussian standard

deviation. ¥, is the "crossover energy", and is determined

from &)'
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Region 1 contains an exponential function, a
backscatter tail (A), and a skewness term(B). Region 2
contains a pure Gaussian plus a backscatter tail(R), and
includes bhoth E=Ey and E=Ep. Region 3 contains a pure
Gaussian plus a skewness term(C). The backscatter tail(A)
is generally used only on data taken with a Si(Li) detector.
The low-skewness parameter(B) is usually used for intense,
low-energy peaks. The skewness parameter(C) on the
high-energy side of the peak is needed usually only when
the counting electronics are improperly adjusted or the
count rate is too high,

In practice the parameters A, B, and C are generally
set to zero for Ge(lLi) spectra. The
"Full-Width-at-Half-Haximum" is easily measured
experimentally and is defined by |

PHHM =8 (1n2)S .
The "crossover energy®, Ey, is given by T =(Ep - Ey).

Py R e A -
The parameters T an

'

FWid are fit to a linear energy
dependence ﬁsing several vell-defined photopeaks, and then
can be held to this dependence in the data fits. The
functions are fit to the data by using Gauss®s iteration
method of non-linear least squares. The errors in the
parameters {34} are the square roots of the diagonal terms

in the error matrix of the fit.
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B. DRUDGE

Cards which can be punched as an option by SKEWGAOUS
contain the locations of the peak centroids, the peak areas,
the peak heights and the errors in the centroids and peak
heights. DRUDGE calculates the energies, intensities, and
the associated errors of the peak energies and intensities.

Three separate spectra are needed to calculate the
gamma ray energies, The first is a spectrum of well known
standards, used to determine the integral non-linearity of
the counting system. The second spectrum contains the
standards plus the unknown source. From this spectrum, the
energies of in*ense, unknown peaks can be determined. The
last spectrum is of the unknown sample only. The energies
of the peaks determined in +he second spectrum are used to
determine the energies of the remaining gamma-ray peaks.

mMhn
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15ities of tue untkuown gamma rays are
determined by making the proper corrections to the peak

areas determined by SKFWGAUS, Detectcr

[{¢)

relative efficiency
is determined by using well-known standardis. DRUDGE also
aids in identifying sirgle-escape peaks, double-escape peaks
and Compton edges. The possible escape peaks are determined
by comparing the ratios of the photopeak intensity to the
single- or double-escape peak intensity. The possible

Compton edges are determined hy comparing the Compton-edge

energies to the photopeak energies.
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C. LVLSURCH

LVLSORCH is a computer program that will extend a
preliminary decay scheme, in which some levels are already
known, to a more complete one, The input to the program
consists of these known levels, the known gamma rays and
coincidence information. The program checks the known gamma
rays ¥ith the known levels to see if any new levels can be
constructed. Restrictions placed on this operation are: 1)
the difference between two energy levels must be within a
certain tolerance of the gamma-ray energy. 2) A
predetermined number of gamma rays must enter or leave a
level for the program to accept it as a new level. 3) The
gamma rays used to determine the new levels must not violate
the coincidence information. After the new levels are
determined, they are merged with the old levels, then the
pLOgram Lepeats ¥ne search using this mixed set as the new

starting levels,

D. Auxiliary Programs

TICC is a FORTRANW program that calculates the total

internal conversion coefficient of a transition from the K,
L and M conversion coefficients., The coefficients are
determined by a log~log interpolation from the Hager and
Seltzer tables (32). FEither pure or mixed (50%E2 + 50%M1)

transition types can be used in the calculations.
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LEAF is a secretary program that compiles the gamma
rays placed in a level scheme, and calculates the best level
energies and the percent beta feedings to these levels, The
gamma-ray intensities are also corrected for internal
conversion processes, if the output of TICC is furnished
with the gamma-ray list.

The log ft values for each level were calculated using
the program LOGFT. This program uses the percent beta
branching to actually calculate the Fermi function with
either a statistical or unique first-forbidden shape factor.
The calculation also includes compensation for atomic

screening effects.
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V. APPENDIX B: EXPERIMENTAL NOTES

A. Detectors

Table 15. Detectors used in experiments
Detector Active Resolution Efficiency Peak/Compton
geonetry volume @ energqgy for 1332-keV
(cm.3) {(keV) gamma ray
true 57.3 2.3 @ 11.8% 341
coaxial 1332.48
true 58.2 2.3 @ 9.% 28/1
coaxial 1332.48
planar 1.0 .650 2 N/G N/G
122.
trape- 26.3 2.84 @ 2.6% 1471
zoidal 1332.48
trape- 29.7 3.84 @ 3.5% 12/1
zoidal 1332.48
trape- 39.0 3.1 2 u_3¢% €21
zoldal 1332.48

o S e e . vt e
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B. Gamma Ray Calibration Sources

Table 16. Gamma-ray calibration standards

Nuclide . Gamma ray energies (keV)

seco ° 846.71,1037.82,1175.07,1238.25,
1360.17,1771.30,1810.67,1963.68,
2015.14,2034.71,2113.06,2212.86,
2598.40,3009.52,3201.89,3253. 35,
a 3272.92,3451.07,3547, 64
57Co . 1 14,411,122.060, 136,471
1867 ' 31.376,42.715,67.750,84.680,100.105,
179.393,198.351,222.110,229.322,
264.072,1121.28,1189.03,1221. 38,
b 1230.99,1257.39,1273.71,1289.13
226Ra 186.14,241.96,295.20,351.92, 609,278,
665.40,742,48,768.35,785.80,806.16,
934,06, 1120.28,1155.17,1238.13,
1280.98,1377.64,1401.44,1407.98,
1509.22,1661.24,1729,.55,1764.49,
1838.33,1847.44,2118.52,2204, 14,
2647.63

a. R. C. Greenwoo

d et al. (35-37)
b. R. Gunnink et al. (38)
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C. Singles Collection
The circuitry (Figure 16) for singles collection
normally consisted of a large detector, an Ortec Model
120-28 preamplifier, a Tennelec Model TC203BLR linear
amplifier, a 13-bit ADC and a 16,384-channel modified TNC
analyzer. A four sec time constant, base-line restoration,
and DC coupling between the main amplifier and the ADC

usually produced the best system resolution and peak shape.
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Figure 16.
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Block diagram of circuitry for singles

collection
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D. Two-Parameter System

The TRISTAN two-parameter counting system allows the
signals from two sources to be recorded pair by pair to give
the capability of replaying the experiment and containing
all data necessary to build a 4096 X 4096 "histogram
surface". 1If an event from source A is "related" to an
event from source B, the addresses of the events in A and B
are stored as a pair of numbers in a buffer memory. The
most common way to use the system is to have the energy
dependent outputs of the Ge(Li) detectors as the sources of
signals A and B. For example, if a gamma ray from detector
R occurred within a coincidence time window of a gamma ray
from detecter 8, the zddresses from the ADC's A and B, woulﬁ
be stored in the buffer memory as successive word pairs.
When this memory £ills up, its contents are placed on
magnetic tape. At the end of the experiment, it is possible
to recall from magnetic tape all events from detector A that
were recorded in coincidence with an arbitrary channel
interval for detector B. A block diagram of the electronics
used with the two-parameter system is shown in Pigqure 17.

BUFFTAPE is an Assembler Language program that reads
magnetic tapes from the two-parameter system and sorts the
information into bands. Each band contains a spectruz that
was 1in coincidence with a gating energy window. The

spectrum in coincidence with a particular photopeak was
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PREAMP|DET| 3¢ |DET|PREAMP
TIMING TIMING
FILTER FILTER
AMPLIFIER AMPLIFIER
CONSTANT CONSTANT
FRACTION FRACTION
TIMING TIMING
DISCRIMINATOR DISCRIMINATOR
| | i ]
i2ns DELAY | 2 ns DELAY
63ns DELAY
TIME TO
STOP PULSE START
HEIGHT
CONVERTER
LINEAR *] LINEAR
AMPLIFIER] lscal | ampLicies!
| J ] I L i |
ADC ADC
T FORMAT
SELECTOR
BUFFER
MENMORY
MAGNETIC
TAPE
Figure 17. Block diagram for circuitry in

coincidence experiments
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obtained by including the most prominent part of the peak in
the gating window. The spectrum in coincidence with the
background of the photopeak was obtained by dividing the
gating window into two parts and setting them at a higher
and lower energy than the photopeak. Care was taken to
insure that the background gates were free from other
photopeaks and that the number of channels in the background

gate was equal to the number of channels in the peak gate.
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VI. APPENDIX C: THEORETICAL NOTES

A. VNeutron Single-Particle States (50<N<62)

Figure 18 shows the neutron single-particle states {27)
for the region near 58 neutrons. The %/2 and S1/2 neutron
states are lowered in enerqgy as the total number of nucleons
is inc£eased. However, the g7/2 level falls faster than the
Sl/Z and at N=58, the g7/2 should bhe filled. 1
configuration other than (g7/2)a would reqqire the breaking

of a pair of tk ieitrons. Since the palring energy

~ o~
HToOT

varies like j+1/2, it seems reasonable to assume that the

confiqguration of the outer eight neutrons of 1017c is

(97,51 °.
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B. Special Many-Particle Wave Functions
Using group theoretical techniques, a totally antisymmetric
n-body wave function can be constructed from 2 antisymmetric
p-body and g-body wave functions, where p+q=n (8). This

vave function is defined by equations (c.1) and (c.2).

P n P n
o> = N{e + I L P(HNIIT T PGlm -11}x
i=1 j=p+l £>1 m>j
|1...p;p+l...n> (c.1)

|l...p;p+l...n> = [ll...p,Jl> 2 |p+l...n,J2>]J (c.2)

The identity operator is given by e , p(i,j)is the operator

that permutes particles i and § and N is the normalizing

constant. Equation (c¢.3) gives the result for the five-bcdy

CAaAse,

00> = @ ( [12,345> - [32,145> - [42,315> -

|52,341> - |13,245> -~ |14,325> - |15,342> +

|34,125> + |35,142> + ]45,312> } (c.3)
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