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Observation of the decay of a new isotope Cu and its mirror transition
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The decay of 29Cu28 produced with the Ni(p, 2n) reaction was identified by a 1112-keV y ray occurring

in its daughter nucleus Ni and the half-life and P+ end-point energy were measured to be 223+16 ms
and 7720 130 keV, respectively, applying a technique of fast transportation of irradiated targets. The
1ogft value and Gamow-Teller matrix element of the ground-to-ground mirror transition of 29CU28

(T, = —2) s27sNi &2(T, = 2) was deduced to be logfr=3. 71+005 and (ar)=037+011. The present

results indicate a large reduction of (oi.) from the single particle value (1.291) although srCu is a nucleus
obtained by adding one proton to the 28Ni28 core.

The superallowed P decay connecting the two ground
states of T, = +

2 mirror nuclei can be described in terms

of both Fermi and Gamow-Teller (GT) transitions. While
the Fermi part of the transition strength is approximately
constant because of the approximate conservation of isospin
together with the exact conservation of vector current, the
GT part should depend strongly on the nuclear wave func-
tions as well as the effects outside the conventional nuclear
structure, i.e., the so called renormalization effect' on the
axial vector coupling constant g~. Moreover, the small de-
viation from constancy of the Fermi strength can be estimat-
ed2 accurately enough to single out reliably the contribution
of the GT part from the experimental P strength of a T = -r
mirror transition. Therefore, the measurement of the P
strength between inirror nuclei, on the one hand, offers a
good means for testing the nuclear shell model provided the
renormalized coupling constant g~' is taken from systemat-
ics, or, on the other hand, for extracting the renormaliza-
tion effect itself provided the shell model wave functions
can be reliably calculated.

In this paper we report on the decay characteristics of a
new mirror nucleus 29Cu28, which is interesting and impor-
tant because it is a nucleus consisting of the Ni core and
one proton in the py2 shell. The observation of mirror nu-
clei in the f'7/2p3/2 shell region are especially difficult be-
cause of their short half-lives and small production cross
sections, which are the common, features of nuclei far from
the P-stability line. In order to study such nuclei we have
developed a high-speed target-rotation device (TARO), by
means of which targets can be brought to a low-background
area in 60 ms after irradiation.

The s7Cu nuclei were produced via the 5sNi(p, 2n)s7Cu
reaction with 23-34 MeV proton beams of 0.2-0.3 p, A in-

tensities from the cyclotron of Tohoku University. The
TARO consists of a thin rotating plate with targets and a
stepping motor both in a vacuum chamber; it has high posi-
tion accuracy and high slewing pulse rate (see Fig. I). To
reduce the accumulation of long-lived activities, 16 Ni tar-
gets ( —3 mg/cm', 99.76'/o enriched) were mounted on the
rotating plate. A target was irradiated by the pulsed proton
beam for 0.2 s, transferred to the shielded detector region in
0.06 s, and the counting system was opened for 1.28 s. To
reduce the effects of long-lived activities it was also impor-
tant to optimize the order of irradiation of the 16 targets,
and to avoid the neutron-induced background and y flash
during the counting period it was essential to use the beam
pulsing.

The 7-ray spectrum was measured with a 96 cm3 Ge(HP)
detector behind a 5-mm-thick copper plate for stopping posi-

otor
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FIG. 1. Schematic drawing of the high-speed target rotation de-
vice (TARO}. Target rotation, cyclotron-beam chopping, and
counting of P and y rays are sequentially controlled by a microcom-
puter.
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trons. The P+-ray spectrum was measured with a planar
Ge(HP) detector of 490 mm'x10 mm behind a 6.87-
mg/cm Mylar window at the detector position of TARO
and a 127-p, m Be window of the detector. The total energy
loss of positrons in these foils was estimated to be 51 keV at
E + = 7 MeV. These spectra were measured by the method

P
of multispectra using an on-line data processing system.

In the y-ray energy spectrum we discovered a y-ray de-
caying with a half-life of Ti~q= 233+ 16 ms, which we as-
signed as depopulating the 1112-keV second-excited state
(I"= l ) of "Ni fed from the decay of s'Cu; we deter-

mined the y-ray energy as 1111.7 + 0.5 keV. Figure 2
shows a y-ray spectrum and the decay of the 1111.7-keV
y-ray intensity. This value of half-life is compatible with a
value of 0.2 s predicted from the gross theory of P decay. '
Furthermore, the excitation functions of ' Ni(p, n)' Cu,
ssNi(p, 2n) "Cu and ssNi(p, un)" Co were obtained from the
yield curves of the corresponding y rays (E~ = 23-34 MeV),
and compared with the theoretical cross sections calculated
by the ALlcE code taking into account the precompound pro-
cess. The experimental excitation function from the
1111.7-keV y-ray agreed best with the theoretical one for
'Ni(p, 2n)'TCu, supporting the identification of "Cu. We
found no other y rays following the decay of 'Cu.

The p+-ray spectrum of s'Cu was interfered by the p+
rays from 'gCo(T(~~=193 ms, E+"=7.3 MeV)' and

ssCu(3. 2 s, 7.5 MeV)4 having end-point energies close to
the value predicted' for "Cu. We could, however, deter-
mine the F +" of 5'Cu using a "time-filtering" analysis of
the time dependence of the measured P+ ray spectrum as
shown in Fig. 3. The time-filtered P+-ray spectrum (118)
corresponding to the component of shorter half-life should
consist of the p+ rays from s'Cu and s4sCo. Since this spec-
trum showed a P+-ray end-point energy larger than
E +" (s gCo) obtained by the 5 Fe(p, n)s4Co reaction, we

derived E + ("Cu) by a Kurie-plot anaiysis of that part of

I
0'-

10

l—10'

I
0'

I
0'

0

Io'-
V)
+~ IO'-

C3 102

Iol

IO

10'-

v& (O'-
z'
B(O'-

IO

(1) Time- integral spectrum

50 ICG l50 200 250 XM

C HANNE L No.

(II ) Time-filtered spectrum

( A ) Longer hal f —
l if e

( 58Cu+ 4 Co+ 7Ni+ 8 G )

50 I OO I 50 200 250 XG
CHANNEL No.

( B) Shorter half —life

( 54~Co + "Cu )

'co p end —Ili

700— 10'-

IO'
0 50 IOO 150 200 250 300

C HANNEL No.

~ 550—
(f)

O
C3

I111.7 keV 3'

C/3I-
w IQ =

O
—T,233+16

-11~0 keVt" Co)

I i i II

100 500
TIME (rrt&)

—1448, 1455 keV

( Cu)

1378 keV-
("N;i

[((11.7 kav( Cu(1

—1407 keV

FIG. 3. Time-integral (I) and time-filtered P+ spectra (II A) and
(IIB). The energy (E +) and time (t +) of P+ rays are stored as

P P
multispectra, from which time-filtered spectra, (II A) and (II 8), are
constructed by a decay analysis of every energy channel; two time
components T I)&s ——oo and T('I'g" =0.2 s are used in this analysis.
The time-filtered spectrum of longer half-life (A) should be com-
posed of p+ ray from the decay of 58Cu( T1~& = 3.2 s), Co(1.24

m), Ni(36 h), etc. , while that of shorter half-life (B) from the de-
cay of ~4gCo(193 ms) and ~7Cu(233 ms).
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FIG. 2. y-ray spectrum obtained by a 30-MeV proton bornbard-
ment of Ni targets. Nuclei ~Co, Ni, Cu, and Cu are pro-
duced via 58Ni(p, un), (p, pn), (p, n), and (p, 2n) reactions, respec-
tively. The inset shows a decay curve of the 1111.7-keV y-ray accu-
mulated in a series of 200-ms irradiations and 1.28-s countings. The
y-ray counts are obtained by the spectrum analysis code SAMpo.

the spectrum having E + & E +" (' Co) in the time-filtered

spectrum. In this analysis we followed the method of Reh-
field eI al. we also assumed a semiempirical detector
response function determined in Ref. 9. Thus, we obtained
E +" ("Cu)=7.72+0.13 MeV. This end-point energy

agrees well with the value estimated using the semiempirical
formula of Janecke' for Coulomb displacement energies.
The branching ratio to the 1111.7-keV excited state of "Ni
was obtained to be 3.7 + 1.7% from simultaneously mea-
sured P- and y-ray spectra. Table I summarizes the logfI
values and GT matrix elements for the decay of 'Cu to the
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TABLE I. logft values and GT matrix elements for the P+ decay
of 57Cu to 57Ni,

Ef (keV) &~r) exp' (err) 77/2

1111.7

3—
2

1—
2

3.71 + 0.05

4.80 + 0.24

0.37 + 0, 11

0.25 + 0.06

1.231

1.155

I.O—

'The f values calculated according to Ref. 11 are 21069+1673 and
10141+933 for the ground and 1111.7-keV levels of Ni, respec-
tively.

ground and second-excited (1111.7-keV) states of 5 Ni. The
logfr value of 3.7 for the ground transition indicates a su-
perallowed transition, which establishes the spin-parity as-
signment of ~ to 57Cu (ground state), in agreement with

the shell model expectation. This assignment is consistent
with Iogft = 4.80 indicating an allowed transition to the
1111.7-keV 2 state of 57Ni. In deriving (o.r),„p, the for-
mulae of Ref. 2 were used. We note a large reduction of
GT matrix elements in comparison with the single particle
values. Since the last proton in Cu cannot be excited sing-
ly by the residual interaction, the large reduction of (ar).
should reflect directly the effect of excitation of the '6Ni

core; for a similar reduction of the magnetic moment of
"Ni (ground state) due to the core excitation, see Ref. 12.

In the region of sd -shell nuclei a rather complete
analysists of (trr),„„has been made on the basis of full-
space (within sd-shells) shell-model calculations to extract a
common empirical factor ( —0.78) for the quenching of
(ar), and this value is understood'3 '4 in terms of higher-
order effects, i.e., tensor correlation, meson exchange, and
b -isobar excitation. ' ' In the f7/2 shell region all the pairs
of mirror nuclei (T= 2 ) have been found (recently, the

data of 5'Fe and 5 Ni have been revised' ), and in the ps/2
shell region two mirror pairs, Zn 59Cu (Ref. 9) and
"Cu "Ni, are now available. Figure 4 summarizes the
experimental (o.r) values, (trr), „p„ for the superallowed
mirror transitions in the f7/2 ps/2 shell region. In -the d5/2-

st/2 shell region the value of (err), „pt falls rapidly from 0.85
(a.r),p to 0.4 (rrr) „(except ' Ne) as one goes through the

I I I I I I I I I 1
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FIG. 4. Experimental (rrr) values in the f7/2 and ps/2 shell re-
gions, (ar)«p„obtained using the Wilkinson's formula (Ref. 2).
The masses and half-lives for calculating the ft values are taken
from Refs. 4, 7, 9, and 18—23 except for 57Cu. The spin and parity
of the ground state of the parent nucleus of a mirror transition are
denoted. The dotted line indicates (or), , the extreme single-
particle value of (or).

d5/2-shell mirror nuclei starting from '7F, and then (o.7),„pt
increases at the end of the shell (25AI and Si) and again
decreases at the beginning of the st/2 shell ( P). There
seems to be a similar tendency, although less pronounced,
in the behaviors of (o.r),„p, in the f'7/2 ps/2 shell region-
(Fig. 4), suggesting similar mechanisms of shell closure for
(o-7) in the two regions of the nuclear chart. It is, there-
fore, highly desirable to do systematic shell-model calcula-
tions taking into account particle-hole excitations in the fp
shells (i.e., f7/2 p3/2 f5/2 and pt/q shells) in order to see if
there is the quenching of (o-r) also for the f7/2 ps/~ shell-
region which is due to the higher-order effects.
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