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Test of isospin purity in the A=42 isobaric analogs
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A careful measurement of the lifetime of the fir§t 2state in*’Sc has allowed an accurate experimental test
of isospin purity in theA=42 isobaric analogs by using the isospin formalism. A lifetime of B9 fs has been
determined, giving an isoscalar matrix element of @BW.u. Previous measurements of the lifetimes in the
mirror nuclei**Ca and*?Ti provided an isoscalar matrix element of 78) W.u. which is very close to the
presently measured value fSc.
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I. INTRODUCTION 1
Mnp)(T2) = E[MO(TZ) + My(T))], (2
Understanding nuclear symmetries is one of the principal
goals in nuclear structure physics. In particular, considerablevhere the positive sign is for neutrons and the negative for
work has previously been done in order to test charge symprotons.My(T,) is the isoscalar multipole matrix element and
metry on pairs of mirror nuclei, showing that masgilsand ~ My(T,) is the isovector multipole matrix element. The as-
excitation energie$2,3] of mirror pairs agree with the cal- sumption of isospin conservation, i.e., charge independence
culated Coulomb energy differences. of the nuclear force, implies the following relationships be-
A further sensitive test for charge independence of thaween matrix elements in different isobars:
nuclear force or isospin purity comes through comparisons )
of the E2 transition strengths to the}2 levels in isobaric Mo(T2) = Mo(T), )
analogs. Following the theoretical work by Bernstein,
Brown, and Madseif4] and the experimental work of Cottle
et al. [5,6], one could test isospin purity by comparing the
isoscalar matrix elements extracted from the two nuclides
with T,=+1 with that extracted from th&,=0 nuclide. In  In mirror nuclei, T;=-T, and from Eqs(2)—(4) the relation
fact, this would test the degree to which the approximatédetween proton and isoscalar matrix elements is obtained
charge independence of nuclear force leads to the same iso-
scalgr matris elements. That charge independence is only an Mo(T) = My(T2) + Mp(= T, ®)
approximate symmetry is well known from the fact that which implies that for a transition betwedrr1 states in a
n-n or p-p low energy scattering lengths are approximatelyT,=0 nucleus:
—-17 fm, whereas tha-p scattering length is approximately

T
M(T;) = Ml(Tz)?Z- (4)

-23 fm [8]. The comparisons provided by Cott al. [6], Mo(T =1) = 2My(T;=0). (6)
and recent measuremeti for *°Ne show that isospin sym-  Therefore, given the assumption of isospin symmetry, the
metry is nonetheless conserved foF1 triplets up oA value of M, extracted from theM, values in two mirrorT,
=30, but deviations from symmetry are observedAer34,  =+1 nuclei should be equal, within experimental uncertain-

38, and 42. The transition strength from or to tHe,2evelis ties, to the valuevl,=2M, obtained for the f,—2;_, tran-
given by the proton multipole matrix element, which is de-sition in the T,=0 nucleus[4]. This relationship makes an
fined in terms of the reduced matrix element as experimental test of isospin purity possible for the isobaric
analogs withA=4n+2, wheren is an integer.
B _ 1 As noted above, Cottlet al. [5] have used this formalism
Mp=[(23; + DB(E2;J — I~ &) to suggest the possibility of the symmetry being broken for

A=34, 38, and 42 nuclei. The present experiment adds evi-
dence for the triad of nuclei witth=42. Cottleet al. mea-
Sured the strength of the’@- 2} transitions using the tech-
nigues of Coulomb excitation and lifetime measurements
[6,7,9. We have measured the lifetime of the first state in
423¢ using the Doppler-shift attenuation meth@aSAM)

*Electronic  address: jnorce@pa.uky.edu; URL: http://and line-shape analysis. More precise measurements might
www.pa.uky.eddjnorce be expected because of advances of both experimental tech-

The relationship between matrix elements in the neutron o
proton isospin representation yielf§
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niques(HPGe and BGO detectgrand the development of ~ (022690 oy 51675 22025 a*

lifetime analysis method§13,14. Lifetimes in “Sc were " T=0 Y 078635 ps =0 Jf oot

previously measured in 1971 by DSAM, using the K 6‘%'2 . o

“%ca®He,py)*?Sc reaction at beam energies of 8.4 and o WA LT

8.6 MeV [15]. This reaction visibly populates states up to 9.5(11) 100.0(11)

3.9 MeV. Lifetimes were extracted by measuring the cen- Iz

troid position of shifted peaks in coincidence with protons. s 15563 "

The measured lifetime=10030) fs for the first Z_; state =0 | HAD fs

yields a value for the isoscalar matrix element Wi 6ll.1

=5.7(9) W.u. presenting a large uncertainty for comparison 0.0 0% 983(10) ms

with the isoscalar matrix element determined from the mirror =!

nuclei, Mo=7.1(5) W.u. FIG. 1. A*’Sc partial level scheme. The widths of the arrows

are proportional to the relative intensities of the transitions depopu-

Il. EXPERIMENTAL DETAILS lating each level. In particular, the relative intensities of the 975 and

1586 keV transitions were previously measured by Kikstraal.
To populate the 2, state at 1586 keV if?Sc, we used [19] as 100.0+£1.1 and 9.5+1.1, respectively.
the *°Ca(*He ,py)*?Sc reaction(Q=4.9 Mey) at beam ener-

gies of 4.2 and 5.1 MeV. ThiHe beam was provided by the experimental angular correlation and angular distribution of
7 MV accelerator at the University of Kentucky. Two Ca protons from the®He ,p) reaction, it was concluded that the

targets were prepared by evaporating natural Ca onto Tgeaction proceeds predominantly through the compound
foils. Their thicknesses were 0.98 and 0.62 mg7dat the  ycleus mechanism up to abdis,=8 MeV. The additional

4.2 and 5:1. M_eV experiments, respectively. Argon_ 9aS Wayata taken at 5.1 MeV bombarding energy allowed tests of
used to minimize the oxidation of the Ca target during transs

port to the beam-line chamber. The cross sections measurth accuracy qf these corrections_since the feedi_ng paths and
for different channels of the c;':llcium and oxygen reaction € proton emission spectra at this energy are d|fferent_fr(_)m
indicate a maximum of 3% oxidation in the targets. The r(:those at 4_.2 MeV. In order to accu.mullate adequate stat|s_t|cs,

A ) : o . he experimental runs at the two incident energies required
coiling *“Sc nuclei are predicted to stop inside the Ca targe

in a layer of~0.11 mg/cm and after about 1.4 ps. Pulsed- 4 days of beam time.
beam techniques were used to reduce background, with beam
pulses separated by 533 ns and bunched to about 1.5 ns. This
allowed the use of the time-of-flight technique for back-
ground suppression by gating on the appropriate prompt time Line-shape analysifl13,14,18 with the inclusion of the
windows [16]. The y-rays deexciting the nuclei recoiling calculated side-feeding patli$7] for the (*He,p) reaction
with an initial velocity ofv/c=0.004 were detected using a has been used for determining lifetimes. This method em-

BGO Compton-suppressed 50% HPGe spectrometer witploys a realistic description of the stopping process of the
2.0 keV resolution. Spectra were taken at angles of 0°, 20°,

37°,54°,129°, and 147° with respect to the beam axis for the
4.2 MeV measurement, and 55° and 125° for the 5.1 MeV. 1800
The beam energy of 4.2 MeV was chosen to provide ad- [
equate statistics on relevantray yields while minimizing
the side feeding. Even thigselatively) low bombarding en-
ergy leaves the nucleus at an excitation energy of above
7 MeV, although the Coulomb barrier for emitted protons
would mean that very little excitation would occur above
4 MeV. Figure 1 shows a partial decay scheme including the
levels of interest. Only 11% of the deexcitation intensity of
the 1586 keV, 2., level could be identified as coming from
observed higher-lying levels. This intensity information was
obtained at 54° and the partial spectrum is shown in Fig. 2
which also shows that the deexcitation intensity increases
with increasing bombarding energy. Theays depopulating
these levels above the 1586 keV state do not show Doppler- FiG. 2. Gamma-ray spectra obtained wigh 4.2 MeV *He ions

shifted shapes. The line-shape analysise belowstrongly gt 54° and(b) 5.1 MeV 3He ions at 55°, showing the relative
indicates two main feeding paths, one very fast, and the othefirengths of transitions directly feeding and indirectly depopulating
slow. The coderAce2 [17], a Monte Carlo simulation for the first Z_, state at 1586 keV. 11% of the deexcitation intensity of
fusion-evaporation reactions, was used to calculate protothe 1586 keV level was measured as coming from observed higher-
emission spectra, which were employed to take into accounying levels atEs,=4.2 MeV, whereas 29% was measured for the
the alteration of the recoil velocity distributions. The use of5.1 MeV experiment. The 659 ke ray (asterisk is a doublet
PACE2 is supported by previous worKl0-12, where, from  arising from*!Ca and'®F.

IIl. DATA ANALYSIS
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recoiling **Sc nuclei in the*®Ca target. It implies the deter- 1000
mination of the stopping matri®(t,v,) which represents 9001 370 1470
the normalized distributions of the recoil velocity projections 8907 hT=068fs T=85fs

vy (at a given angled with respect to the beam axiss a % =1587

function of the timet. The matrix is calculated by means of
a Monte Carlo simulation where the nuclear and electron
stopping powers, cross section of the reaction, reaction kine 541 -
matics, detector resolutioFWHM), the finite size of the 200 '
detector(solid anglg and proton emission spectra are taken  1oo]
into accoun{for more details, including the derivation of the
stopping powers employed, see R@f4]). Correct inclusion

of the proton emission effects has been found to be essentic
in order to reproduce the DSA line shapes. Depending on the*g
direction of the emitted charged particles the linear momente 3
added to the recoils lead to a modification of their velocity ©
distribution. Correspondingly, the observed Doppler-shift
E;—EYO:EVO@(,/C) of the y-ray energies is also modified.
The measured singles spectrum or line shape is given by

o c ) , + + + +
SJ(Ey) = f_m E_(D(E !Ey)dEy 5004 0° 4°

Y0

- 400
X f Pdlt,vy(E)]o\imi(t)dt, (7) -
0

wheren; is the population of the levelas a function of the <l

time t, \; is the decay constant of the level, abg is the "

branching of the deexciting transition- j. Solving Eq.(7)

with respect to the decay functidiy\; nj«, of the transition 970 955 980 985 970 975 P
i—j can be used to extract the lifetime=1/\; of the level Energy (keV) Energy (keV)

of interesti. For this purpose, the population of the level of

interest is represented by its natural form following from the  FIG. 3. (Color onling Lifetime determination by line-shape

solution of the Bateman equations for a system of radioac@nalysis of the 975 kef ray atEs.&=4.2 MeV.

tively decaying levels, namelg;(t)==,-;Cye . The sum

includes all levels which feed directly or indirectly the level

i. The coefficient<y depend on the initial population of the ergy of 5.1 MeV. The derived lifetimes here, which are

levels in the cascade, the branching ratios, and the decayso indicated in the figure, are systematically a bit smaller

constantsk,. The fit consists in changing these quantitiesihan those determined at 4.2 MeV. This discrepancy comes

until the best desczription of the ]ine shape is obtained, i.e.45 some extent as a consequence of the proton emission ef-

when the reduceg” reaches a minimum. _ fect which is stronger at 5.1 MeV. In addition, the increasing
It was found sufficient to describe the feed|_ng of tﬁ@l? level density at higher excitation energies ‘8¢ and the

level by two cascades. One of the cascades is slow, with rger cross section of the reaction complicates the correct

effective feeding time of a few_picoseconds. Its inCIUSiondetermination of the lifetime at the higher beam energy
was necessary for the reproduction of the stopped part of th.F '

line shape. The second cascade is extremely fast and leads tges? tp;]rol:f)_lte rr:js a:e |II3§tra;§d gy tnﬁ relaﬁ';ﬁ ly Ia,@evall— b
an almost direct population of the level of interest after thet€s OF (e IS dispiayed in Fig. 4, although they may aiso be

proton emission. The fitted relative intensities of both casdue t0 very low statistical errors per point. The results from

cades are comparable at 4.2 MeV, but for the incident bearfth €xperiments are consistent and can be combined to

energy of 5.1 MeV the prompt cascade amounts already t§i€!d the average valuer)=69(18) fs for the lifetime from
about 60%. all fits. The uncertainty of 18 fs includes the statistical error,

o=[(L/IN-1)=(7—(7))?]*?, and an estimated 10% system-
atic error associated with the incomplete knowledge of the
feeding and the stopping powers. This lifetime, together with

Figure 3 shows fits to the line shape of the 975 keV trana previous measurement of the branching ratio of the 975
sition depopulating the first72; state at 1586 keV and ob- and 1586 keV transitions as 100.0+1.1 and 9.5+1.1, respec-
served in the 4.2 MeV experiment. This stropgay is de- tively [19], leads to a value for the isoscalar matrix element
tected as a single peak and displays line shapes dependent@nM;=6.88) W.u. As noted earlier, the previously deter-
the different angles measured. Figure 4 shows the fits to thmined lifetime of 10030) fs and the same branching ratio
line shape of the same transition for the incident beam enmeasured by Kikstrat al. [19] lead toMy=5.7(9) W.u.

IV. RESULTS
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50004 transition. This comparison was developed in Ré&f; our work
shows the isoscalar matrix element for tfig=0 nucleus,428c
(circle poiny, in the A=42 isobars.

970 975 980 985 mentioned that the side feeding is taken into account on the

Energy (keV) basis of theoretical predictions given by PACE2, and is ex-

pected that a future experiment measuring the proton distri-
FIG. 4. (Color onling Line-shape analysis of the 975 keMay  bution of the(®He,p) reaction at 4.2 and 5.1 MeV will test

from the Z_, at 1586 keV for the measurement with 5.1 M&e  these theoretical predictions. Finally, the systematics of the
ons. isoscalar matrix elements frok=22 to A=38 shows a par-

ticular decreasing trend when approaching theN=20
V. CONCLUSION closed shell, whereas the trend seems to be broken when the

f-/» shell begins to be filled in thA=42 isobars.
Figure 5 shows the isoscalar matrix elements for isobaric

analogs fromA=22 and up to théA=42 region. A compari- ACKNOWLEDGMENTS
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