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A measurement of the Q values of the ' Ni(p, t)"Ni and the "Ni('He, a)"Ni reactions shows a significant

discrepancy with the current tabulated mass values. %e find —127 38.2 + 3.3 keV and +8360.3 ~ 4.0 keV,

respectively, leading to a new improved mass excess for ' Ni of —560 78.4 ~ 3.0 keV.

NUCLEAR REACTIONS 5~Ni(p, t); 5 Ni(SHe, o.'); measured Q values, deduced
mass excess for 57Ni.

Since the 1971 %aystra-Gove mass tables' were
published, several x eaction Q values have been
found' 4 which disagree with the tables by several
standard deviations. In this note, we report new
results for the mass for "Ni found during the
colll'se of stud1'lng tile Nl(p, t) Nl alld
"Ni('He, o.)57Ni reactions. The "Ni mass excess
of —56104+ 7 keV reported in the 1971 mass table
is based on the end yoint energy for the "Ni-"Co
decay. ' A previously measured Q value of +8400
+ 50 keV for the "Ni('He, o.)'"Ni reaction' was not
used to determine the mass excess of "Ni.

In the "Ni(P, t)"Ni experiment, we used a 40
MeV proton beam from the Michigan State Univex'-

sity cyclotron. The reactor produced "Ni target
(3'1.4% "Ni 43.0% "Ni, 15.2% "Ni, 1.0% "Ni
2.1% "Ni, and 1.2% "Ni) was a rolled foil of about
230 ilg/cm' thickness. The reaction products were
detected in the focal plane of an Enge split-pole
spectrograph by a position sensitive proportional
counter. The resolution obtained was about 15 keV
full width at half maximum (FWHM). Figure 1
shows an example of the spectra obtained. As one
can see, the ground and 0.769 MeV state transi-
tions of the 59Ni(P, f)57¹reaction fall in the same
region as the ground and 1.454 MeV state transi-
tions of the ooNi(P, f)"Ni reaction and the ground
state transition of the "Ni(P, t)"Ni reaction. These
three transitions thus serve as calibration lines
for the "Ni(P, I) Q-value determination. The
spectx ograph calibration method and fitting pro-
cedux e is described extensively elsewhere. " Since
the present measurement involves only the position
of the tritons from the different Ni isotopes in the
target, the uncertainties attributed to the beam
energy and the scattering angle and due to target
thickness effects are negligible. The main sources
of errors are the Q values of the calibration re-

l60—

O
C)
D

Llj
Z.
Z.'+ lZO-

)Z 80-
D
C3

l600 l 800
CHANNEL NUMBER

FIG. 1. Triton spectrum of the ~8'~~'60Ni(P, t) ~'~~*5 Ni
reactions. The peaks are labeled by the final nucleus
and its excitation energy.

actions and local nonlinearities in the position-
sensitive detector. The uncertainties of both
sources are estimated to be —3 keV. Using the
most recent mass excess values of Jolivette et al.'
for the calibration Q values we obtain -12738.2
+ 3.3 keV for the Q value of the "Ni(P, f)57¹iground
state transition. This value is 18.4 keV more
negative than the -12719.8+ 7.6 keV result calcu-
lated fxom the 1971 mass table.

The "Ni('He, n)"Ni experiment was performed
with a 70 MeV 'He beam using a similar setup as
described before. The target was yreyared by
vacuum evaporation of "Ni (isotopically enriched
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to 99.9/o) onto a carbon backing and had a thick-
ness of about 90 p. g/cm'. In this experiment, the
magnetic rigidities of the n particles from the
58Ni(~He, n)"Ni reaction were compared to those
from the calibration reaction "Cr('He, o.)"Cr. The
magnetic field of the spectrograph was adjusted to
put the n particles from both ground state transi-
tions on the same location of the focal plane. This
method, described in detail previously, ' does not
rely on the linearity of the detector. The depen-
dence of the Q-value determination on the beam
energy and scattering angle was minimized by
choosing the calibration reaction with a very simi-
lar Q value and by measuring at very forward
angles (&„,—10'). The main sources of error,
here, were the uncertainties in the energy loss
corrections resulting from target thickness un-
certainties and the uncertainty in the Q value of
the calibration reaction "Cr('He, a)"Cr, again
taken from Jolivette et al.4 The Q value thus ob-
tained for the "Ni('He, o. )57Ni reaction is + 6360
+ 4.0 keV, 16 keV less positive than the published
value of +8376+ 8 keV.

The results of both measurements together with

Reaction

Mass excess of
final nucleus

(keV)

5~Cr(3He, Q~~Cr
58Ni(3He, e)57Ni

60Ni(p, t) 58Ni

'BNi(P, t )56Ni

5~Ni(P, t) 57Ni

+8 537.8 + 2.2
+8 360.3 + 4.0

-11904.5 + 2.8
-13979.0 + 3.0
-12738.2 + 3.3

-56 080.4 + 4.6

-56 075.2+ 3.9

the values used for calibration are collected in
Table I. Prom the two Q values a mass excess
for 57Ni of -56078.4+ 3.0 keV was extracted. This
value is 25.6 keV more positive than the value
-56104+7 keV reported in the 1971 mass table.
The apparent discrepancy between this 25.6 keV
and the average deviation of 17.1 keV in the Q val-
ues measured is the result of the change in the
measured masses of the ""6oNi isotopes since
1971.

TABLE I. Q-value measurements for the determin-
ation of the mass excess of 57Ni. The mass excesses of
Ref. 4 have been used throughout this work. Weighted
average of the mass excess for 57Ni: -56078.4+3.0 keV.
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