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13 utron decay properties of 797 1
. and "7Cu wert deduced from MTIDA
of the intensities of ray t Zn nd
6.9(0.4)% and 36(3)%, respectively. For 77
wiated with this decay a btained lewe ir ek
‘BCu, we ( yrast decay sequence transitions up t 6"

tate with no populati

in the decay of the r-process critical

nuclide ™ Cu we obser

L time a v ray at 730 keV associated with

the known 2 » ground state tion in "°Zn

¥

1. Introduction

Che study of nuclear structure in the regions near doubly n

provides information on the strength of the shell closures and d

leons. The structure of these nuclides

interactions between

ing shell-model calculations utilizing ef-

can usually be well reproduced
fective interactions. With a model space consisting of a set of single-particle

SPE) and an effective interaction. it is possible to extend the pre-

O nu

des much further from stability which are of particular

LiOns are I'I'.!_\' as valid as the model space

interest. However, these pre di

used which is based on | lear structure closer to St y. In order

it is necessary to obtain additic

to refine the effective interact

perimental information. In addition. the assumption of closed nucl

must often be modified as one moves further out from stability since the

> numbers which appear to be valid near stability for some regions fail

Id up in other regions. This complexity is apparent in the new interac-
tion by Lisetskiy et al. where the SPE depend on the core which is « hosen.!

Otsuka ef al. have shown in a theoretical calculation that the tensor in-

teraction between the vgg,» state with the proton fp shell states

the spin orbit splitting resulting in the 7 f572 orbital dropping be

Pas2 orbital near "Cu.** These predictions are t'l'””-’iil“{'!:fi*: by the cal

nportance of

culations of Dobaczewski et al. which indicate the additic mal imj

many-body correlations and the inclusion of coupling to continuum states

y neutron-rich nuclei.®

to understand the structure

The region near "™Ni is also of interest for an understandis

cleosynthesis r-process. Kratz et al. have shown the process passes through

a bottle neck near "Ni and then follows various paths dependent u

3,80

neutron flux.® In their predictions, u are “waiting-point nuclei

the lowest-Z member of each isobaric chain at freeze out,>% at two diff

ent values of the neutron flux. For this reason. the (-decay half-lives and

J-delayed neutron probabilities of the Cu isotopes are of great interest




Sxperimental Results

Jeams of Cu ions were produced by the proton-induced fis

1§, I

UC; target and then accelerated to 2-3 MeV u by the ORNL Tandem
The ions were then time tagged using an MCP detector. passed through

8 six segment miniature jon chamber (mini-ICY). and implanted onto the

ini-

2 Moving Tape Collector (MTC). By passing through the

1€ lons could be clearly identified by energy loss in the six se gments

lition, the gas pressure could be adjusted to a high pressure for the

hieve a nearly pure beam.’

in order to ac Ihe rangi

y.

works by taking advantage of the different stopping powers for

iponents of the mass separated beam delivered by the Tandem.

r enhanced in the case of Cu ions since negative Zn ions do

not form in the charge exchange cell and are removed from the beam before

postacceleration. In addition to ranging out, the mini-IC allowed for a pass-

through mode in which the mini-IC is operated at a low pressure to identifs
with the deposition point placed in the middle of the det ctor array

allows a correlation between ion implantation and subse quent decays

1ed, i.e. ion-tagged + ray spectra. The detector array consisted
of four Ge clover detectors and two plastic st intillator 3 detectors. with the
signals from all the detectors read out using digital

ctronics. In addition,
the mini-IC made it much easier to tune the high-resolution injector (isobar)

magnet for the Tandem to select the ions of i

erest.

I'he 3 decay of ™ Cu served as a test case for the ranging-out technique’

A =705 decay chains were short

-lives within the A=76 a

e built up residual activity in a span of only a few minutes.

I'he objectives of the experiment were to measure the f-delayed neutror

probability and to look for a possible second F-decaying isomeric state

T'hese two topics are related since an inter ion of the first measurement

n depend on the second as discussed bel he first experimental study
f “Cu ‘ated the possibility for a second S-decaving isc uner based on

a difference in the apparent half-lives of the two

vy rays (598 and
g

V) observed in the decay.® A measurement of the F-delayed neutrons

this decay only showed evic

half-life of 641(6) ms.? More rec:

the decay us 1Z a laser jon source only a single G-decayving
state with a 1 agreement al..?'" Both Ref. 8 and

I
¢

rays and the inferred

agreement

*Zn. In our measurement. a ne:

ing the rangi




en s af t]
225-keV ~ ray from "Zn de cay to the 199-keV v ray from 7®Zn decay w L
used to determine the f-delaye robability since we could ¢ sil
determine the effective lecay pr ased on the MTC
known half-lives. However, th lon of the decay prol
aep« ndent on the half-] e ol 76 A, We '-.!i.‘-.-'!‘»!'li that the :.L’r-tu-"_'.' Of the
598-keV 4 ray would re quire a branching ratio of 138(10)% in cor SO
to the known branchir atio for the 563-keV ~ ray (66(3)%!!) ifa half-life
f 641 ms is used for Cu. Therefore. a longer-lived f-des
of ™Cu must exist Consequently, a ¢ trum n pass-through

mode was obtained with a beam purity of 76%. A comparison of the rels

intensities of vy rays from the 8 and An branchings for all me

decay chain originating from ™Cu as we il as absolute measuren

to the measured number of Cu ions were used to di termine a S-delayed

neutron branching probability of 6.9(4)% for the studied Cu acti

This is a much more precis than obtained previously (3(2)%!2 and

<.4(2)7%") as well as i by al out a factor of two.

The 8 decay of Cu was a

performed in both the

rough modes. Thy objectives were to measure the A8-d

¥, by comparison of the 199.-keV - ray from
ray from “"Zn decay ]

: the decay. Prior to this experiment the only information on states in

while also obtaining information on - rays

was & 1.05 s E3 isomer at 772 keV and states at 114 and 803 keV

of T8 ', 10,14 We were al le to

bserved in the S-delaved

observe 14 ~ rays assocl

decay scheme shown in Fig. 1. It wasn't realized until the analysis phase
the difficulty presented by the 1

the 772 keV IT ~ ray was h

2~ ""Zn isomer. Ex

by its over lap with a ~+ ray from the room

background which had a n arly identical intensity. The observed intensity
of f minimum of 54(4)% B-decav | I h fror
the rly 100 directly feed the ground state
of 189-keV level. Therefore. wi could not use
the measured branching ratio for the 189-keV v ray. Insteas used the

absolute branching through the 199-keV - ray compared to the number
of “"Cu ions measured by the mini-IC to obtain a value of 36(3)% for the

d "TCu activity, This is more

-delayed neutron probabi

than a factor of two higher 1 the previously reported value

One very interesting aspect of this decay 1s observed in the feeding of the

excited states where we observe no conne ting v rays between the states




and the first « xcited (9/2%) state except for the 801-keV

level which is probably of higher spin. In fact, there is no direct feeding to

*d on the observed intensities of

the 1277-keV level in the decay which, ba:

Y rays, is assume

d to be a (3/2%) state. This indicates

of the feeding is by allowed transitions to higher-lying negative

ity states. The apparent direct population of

1

", however we did not

SU the presence of a high-spin f-decaving iso
wy apparent difference in the time behavior of the 1 14 and 505-keV
rays.

The § decays of ™87Cy were also measured using the pass-through
mode using both a saturation measurement and a MTC ¢ yele. The result;
decay schemes based on our data are shown in Fig. 2. Excited states in
BZn wer: identified in the decay of the (8+) isomeric state (shown

level in Fig. 2).,15 Subsequently, "Cu 8 decay'” and "®Zn

onfirmed the yrast sequence. 1°

lent, we observed a level feeding somewhat dif

R 16
mb xcitation* measurements

erent from

that proposed by Van Roosbroe K et al., who observed feeding only to the




T Zn &

lecay schemes for ®Cu and ™ Cu

27 and 4] states. Qur placement of the v rays is firmly established by v
opulating

coincidence data with no observation of the 145-keV transitic
the (87 ) isomeric state. We observe a .\i}lf’ in the {l.‘t':llillj_[ with ==
to the 4 state and ~65% feeding the 3106-keV level, Determination of the
.' ]:\f."‘r'i neutron [l.r!-|'m'!'1!';5.1\' Was -'1'_;1.11-{.' h;tll]]}l'I'e'll l'-_\.' the presence of the
isomeric state in 7' Zn. Although the 114-keV + ray is clearly seen in the
data, there is no clear evidence for the 189-keV ~ ray (7#*Zn—""Ga*

rved

which is surprising since we would expect as many counts as are obsery

in the 224-keV peak from the decay of ™Zn. The # branching pro

based on the 224-keV - ray is 37(12)% yielding a 63(12)% [-delayed neutron
probability which is consistent with the minimum value of 65(20)% reported

antly higher than the value of 157"

by Van Roosbroeck et al.'” but signifi
reported by Pfeiffer and Kratz.»¥ For ™Cu, with a rate of only ~0.1 — 0.2
ions per second, identification of the 730-keV - ray in the A-delayed neutron

1 in the

branch required the use of ion tagging. Using particle identif

gnal from the MCP, we were able to generate

mini-IC and the timing si

St

of this spectrum to one gated at a later time relative to the implantation

£+} T

sctra within a few half-lives of the implantation of a ™ Cu ion. Comparison

lows easy identification of the 4 rays associated with a particular decay

We have yet to clearly associate any v rays with states in “Zn



. sing recently -jt"\'“in[lrll 1\“?11!! ]J!;:'i{ir':ﬁin:; and 10N tag

have made measurements of the 3 and

much higher than previously reported. We report for the first time

3. Conclusions

Cu, with the measured f-delayed neutron probabilities for °

ray from the Sn decay of 7Cu.
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