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Picosecond lifetimes iA% and *¢Ti were determined using the recoil distance Doppler-shift technique with
a plunger device coupled to a setup of five HP Ge detectors enhanced by one EUROBALL CLUSTER detector.
The experiment was carried out using tF&S(*°0,pn) reaction at 38 MeV at the Cologne FN TANDEM
facility. The differential decay curve method in coincidence mode was employed to derive lifetimes for five
excited states in each nucleus. The resuli2gtransition probabilities are compared with existing shell model
calculations and a comparison within thie=1 isospin triplet is given. Absolutél strengths of the 2 decay
in %% are discussed.
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The investigation oN=Z nuclei is an exciting topic in FN TANDEM facility at the University of Cologne. Excited
nuclear structure physics, to which a lot of experimental andstates of*®v were populated using th&S(*°0,pn) reaction
theoretical work has been devoted recently. Self-conjugatet a beam energy of 38 MeV. In addition, states'&fi were
nuclei are symmetric with respect to the isospin degree opopulated via the & exit channel of the compound reaction.
freedom and allow a sensitive testing of the isospin symmeThe target was a 1 mg/dmfoil of ZnS backed onto a
try. This symmetry leads to selection rules, eEf, transi- 2 mg/cnt tantalum foil. A gold foil of 8 mg/cri stopped the
tions between low lying states witi=0 character are recoiling nuclei, which had a velocity af/c=1.7%. The
strictly forbidden. The only way to enhandgl strengths setup consisted of one EUROBALL CLUSTER detector

between such states is to assume an admixtuiie=af com- 9,10 at 0° relative to the beam axis and five large volume
ponents of the wave function, caused by the Coulomb interHP Ge detectors at an angle of 143°. Thus the detectors were

action or by isospin violating parts of the strong interaction.g{j’g;g;iéj AICEO érl]_rngaEanzu?rtrmth: thf (;Tner_tseg_mentt of the
The determination of isospin mixing matrix elements via etector ,=07), its six outer

I : s . segments §,=34°), and the five detectors in backward di-
lifetime measurements is of special interest in odd-ddd rection (6;= 143°). All of the detectors were positioned ver
=Z nuclei with valence particles in thk,, shell. In 46, 3 ' P y

. . close(=~11 cm to the target, increasing the totgldetection
much interesting data have been accumulated recghtlg]. efficiency of this setup tg about 2.4%gat 13 I\?ev.

A very peculiar finding was the isospin forbidden 21" Coincidence data were collected for 17 different target-to-
transition with a relativeel strength six times stronger than stopper distances, between 1 and 7200. Altogether 16°
the strength of a competing allowed one witff=1[1]. In ., coincidence events were collected and sorted into 136
order to achieve a better comparison between allowed angl s 4k yy matrices. Figure 1 shows the 5-3; decay of
forbiddenE1 transitions, it is important to determiimore 46/ i, gated coincidence spectra, illustrating the quality of
and absolute transition probabilities in this nucleus. Theia gata. The spectra shown are gated on ring 2 alone. Addi-
present work reports on the decay properties of theT2  {jona| spectra were obtained by analyzing all the other rings.
=0 state and explains the observed relati/e strengths. In order to determine lifetimes, the differential decay

Aside from this, a comparison witffTi, the isobaric ana- curve (DDC) method[11] was used in coincidence mode,
log partner of*%, is presented. In th&=1 triplet the re-  ayoiding the disturbing effects of sidefeeding. From the
ducedE2 matrix elements have a linear dependence UpoRpectra gated on the shifted components of feeditgnsi-
T,, which follows from general arguments based on thetions we obtained the peak intensities pftransitions de-
ideas of isospin symmetr{7], provided that isospin is @ populating the level of interest at different target-to-stopper
good quantum number. PreciB¢E2;2; —0") values pro-  distancesx. In our notation the abbreviatiorssand u stand
vide a stringent test to this theoretical relation. The new datgor “shifted” and “unshifted” components, respectively, of a
are in better agreement with the theoretical description than given y transition denoted by a capital index. The DDC
previous value. method gives the lifetime(x) of a state as

In “8V recent model calculations in the fuplf shell with-
out any truncation for the positive parity states describe the
experimental level order and branching ratios v&ll Nev- 152() — el §(%)
ertheless, reliable data on transition probabilities are neces- 7(X)= d o, ' @)
sary for an overall comparison of experimental data with U&ISS(X)
shell model calculations. Despite its relevance such informa-
tion is still scarce.

We performed a recoil distance Doppler-siRDDS) ex-  wherev denotes the recoil velocity and the facieris the
periment with the Kin coincidence plunger devid&] at the  ratio
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200 : agreement within the experimental errors for the lifetimes
determined in this work. Reliable values for thg¢ 24, ,
and 2 states in*% had not been published and the lifetime
1001 of the 5, state had not been measured before. Only the value
for the 3~ state in“Ti differs significantly from the previous
ol I one, which had been deduced from a Doppler-shift attenua-
" 410 | 420 | 430 440 450 tion measuremeritL6], where the limited knowledge of the
y-ray energy [keV] stopping power might have distorted the result. For most

lifetime values the precision has been improved by a factor
FIG. 1. Spectra at three different target-to-stopper distances deyr 2 or more.

tected from the polar anglé;=143". The § —3; transition in The reduced transition probabilities resulting from our
GV+(K:3_ _band gated by the shifted component of thg 7 precision lifetime data are used for comparison with shell
—O1 transition atg,=34°. model calculations and corresponding data on the isospin
partners of*%V. In Figs. 3 and 4 the levels of interest 8V
ISRO) +1S8(%) and “®Ti, respectively, are depicted. Table | gives the experi-

mental B(EN) values together with the results of the shell
model calculations described in Refd] and [4], respec-
tively.
The quantitieg 2/(x) and182(x) denote the measured inten-  The 2* state in“%V at 915 keV level energy is interpreted
sities of the depopulating transitionA in coincidence with  as the isobaricT=1 analog of the 2 state at 889 keV in
(the shifted component ph populatingy transitionB. The  “6Ti. Their correspondin@®(E2;2; —0;) values agree well
intensities ISA(x), 1S2(x), and so on are defined analo- within the experimental errors. Neglecting the Coulomb in-
gously. The derivative,d/dx)lESA(x), was determined by teraction or isospin breaking parts of the strong force, the
fitting piecewise continuously differentiable second orderlevel energies and the transition probabilities within the isos-
polynomials to the intensity values. The analysis involved ispin triplet are expected to be constant. So far our data show
illustrated in Fig. 2; a detailed description of this method andno significant difference, due to the aforementioned interac-
the derivation of Eq(1) can be found in Refd.11,12. tions.

An additional experiment, performed with two HP Ge de-  In Refs.[1,6] the experimental*®v data are compared
tectors and hence lower gamma-ray efficiency in Colognewith shell model calculations, using the KB3 residual inter-
used the same reaction at a beam energy of 34 MeV andaction and effective charges,=1.5%e and e,=0.5%e. They
pulsed O beam. Its pulse width was determined to be 2 nsagree well with experimental branching and multipole mix-
The recordedy-t events were sorted into genergy—time ing ratios. Our new experimental transition probabilities are
matrix, which allowed the analysis of background subtractedn good agreement with these calculations, too, except for the
time spectra, from which the lifetime of thejSstate in“®v 2, and 7 states, where the calculated values are too low. In
was determinedsee Ref[13] for detail. 46Tj the comparison with the calculation described in Ref.

The comparison of all the new results with previous datgd4] shows that indeed both calculated values are considerably
[14,15, which is given in Table I, generally shows a good smaller. In addition, it is worth mentioning that the calcula-

A= — =5 .
CcB CB
lor (X)+1g5(X)
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TABLE I. Adopted lifetimesre,,andB(EX) values of analyzed transitions 3V and “6Ti in comparison with shell model calculations.
Lifetime valuesr,o; from Refs.[14—16 are given in column six. Calculated values f§Ti are taken from Ref[4] and marked with an
asterisk. For completeness an upper limit for the lifetime of the B=1 state is also giveftaken from Ref[5]).

E, 7T E, N Texpt Tref Mult. B(EM) values g€%fm?)
(keV) (keV) (p9 (ps) al Expt. Theor.
46y 915 27,1 915 0;,1 6.88) 9.0(23) [14] E2 18422 143
1179 47,0 378 37,0 46060 510(120) [14] M1+E2 23030) 234
1224 57,0 423  3/,0 89515 900110 [14]; 610(200) [15] E2 67(1) 65
1366 2,0 373 17,0 95020 1400600 [14] E1l 7.5(13)x10°°
451 2,1 E1l 1.3(7)x10°©
1603 7,,0 379 5,0 98520 1080170 [15] E2 1062) 62
1725 55,0 349 37,0 800250 E2 14646) 158
501 5;,0 E2 52) 17
546 47,0 E2 2(1) 10
2054 45,1 1139 2,1 <0.264[5] E2 =130 187
46T 889 27,1 889 0/,1 7.637) 7.6822) [15] E2 1932) 115°
2010 4f,1 1121 2{,1 2.0015 2.3414) [15] E2 231(17) 154
3058 3;,1 97 2;,1 3135 10(3) [16] El 2.1(7)x1073
1049 47,1 E1+M2 1.6(1)x10°°
3441 47,1 383 3;,1 106.85) 95(6) [15] (M1/E2) 69439
1432 47,1 El 0.52(6)x 10 ©
4662 6;,1 1221 47,1 1.53) 2.06) [15] E2 12933
tions both in Ref[6] and in Ref[4] use the same interaction estT=1 states J7=2;,4,,6; , ...) in theisospin triplet

and the same effective charges as the one described here.nuclei the V(J)/S(J) ratio is positive, and thus, one can
Considering the results for thg 2+ 0; transitions within  write
the A=46 isospin triplet, the following picture is achieved.

The B(E2;2; —07) values within the isobari@=1 mul- (JE2[3-2)(*V)=5(J), 4
tiplet provide an important benchmark for the theoretical re- .

lation betweem\T=0 E2 transition matrix elements, which (JIE2[3-2)(**Ti)=5(3) - V(J). 6
is given by

From Eq.(5) it follows that theB(E2;2; —0;) value for
(3,T.T,|T(ED)I-2T,T)=S3)+V(IT,. (20 '°Tihastobe smaller than fofV. This is supported by the
shell model results, illustrated in Fig. 5 and yielding

The coefficientsS(J) andV(J) depend on the isoscalar and

isovector components of the Hamiltonian, respectively, and
T(E2) is theE2 transition operator:
_— 4 B
T(E2)= 2 e,T,(E2), (3) S
p=p.n L}
=
wheree, are the effective nucleon quadrupole charges and 3>
T, (E2)==(r{)2Y,(6",¢f). For the most symmetric low- g)
w
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FIG. 3. Partial level scheme dfV taken from Refs[1,6]. FIG. 4. Partial level scheme 4fTi taken from Refs[15,17.
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46Ti. This shows, that the collectivity of the,2state is not
properly reproduced in the calculations and might be consid-

w
o

N ered as an indication for the importance of tffi€a core
® BT breaking even for the lowest yrast states.

4 Referring toE1 transitions in*%/, the 27, T=0—2;,T

S 20 =1 decay(451 keV) to the level at 915 keV is of special
I ! b interest. It is of allowed\T=1 nature, whereas the compet-
v o151y A=30 I ing 373 keV transition to the 1,T=0 state at 993 keV is

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" isospin forbidden. Based on the branching ratios, the relative
X . . . ] transition strengths had been determined, showing that the
-1 0 1 forbiddenAT=0 transition was enhanced by a factor of 6
Tz [1]. Our measurement gives absollBéE1) values and the
FIG. 5. Reduced matrix element&;||E2]|0*) of the A=46 comparison shows that the forbidden transition remains com-
isospin triplet versud,, denoted by crossesx(). For comparison parable to krl%wrflzstrengths, which rang.e. from 0'5_ to
the old % value (dotted error barfrom Ref.[14], values for the about 5.4¢10" ° e“fm” for other AT=0 _trans't'ons '2 thz's
corresponding isospin triplet &= 30, denoted by boxe<T), and nucleug 6]. Values of the order of magnitude of 19 e*fm

shell model valueglines) for A=30,46 according to Ref§18,19  are at the lower limit of what might be expected fad
are given. transitions inN#Z nuclei of this mass region, whereas a

strong E1 transition has typically 10* e’fm?. Therefore

V(2)/S(2)=0.1. According to Ref[18], the experimental one can conclude that the isospin allowed transition is hin-
values for theT;=T;=1, 2] —0; transitions are compared dered with arE1 strength coming down to a forbidden one.
with shell model values. Corresponding experimental andAs a possible explanation of the puzzle of this very weak
calculated values for the isospin triplet of tates atA  allowed AT=1 transition, it had been argu¢d8] that the
=30 comprising the nuclet®Si, %%, and3°S, taken from isospin mixing might be larger than expected. But this can be
[19], are also given. The previously measurBgE2;2; excluded by our absolutB(E1) strengths.
—07) value of 137(3%%*fm* for *®v [14] gave a ratio of This puzzle can easily be understood by taking into ac-
V(2)/S(2)=—0.2 in qualitative disagreement with the countthe quadrupole deformation £0.28, deduced from
theory, despite its nice agreement with the theoretical valughe newB(E2;2; —07) value. The deformation of®v had
of 143e*m*. In contrast with this former value, the new already been considered in previous wof&s20,21, where
B(E2;2; —0;) value presented in this work gives a ratio the K"=0" (T=0,1), K™=3" (T=0), andK7"=0" (T
close to zero in much better agreement with the shell modet 0) bands were identified. It was found that thg 2T=1
ratio, reconciling the experimental trend with the predictedand 1", T=0 states belong to th&"=0" band, whereas
positive slope in Fig. 5. the 2, , T=0 state belongs to thi¢"=0" band(see Fig. 3

However, the shell model calculations obviously underesWithin the rotational mode]22] one obtains folE1 matrix
timate theB(E2;2; —07) values in both nuclei®®y and elements between states of tie=0 bands:

_
(=]
T

(K™=0",T=0{|T(EL)|K™=0", T=1J;)=2I;+ 1(1010/1,0(K™=0", T=0|T(E1)|[K™=0*,T=1),  (6)

with the intrinsicE1 matrix element and the Clebsch-Gordan A=46 isospin multiplet, which are accessible by means of
coefficient(1;010[1;0). If I; and | are both even or both RDDS measurements. The new precise lifetime data agree
odd, the Clebsch-Gordan coefficient will vanish, whichwell with shell model calculations for positive parity states
means (1;=201020)=0. Subsequently, the ;2T=1  of 46y, and the experimentaB(E2;2; —0") values con-
—27,T=0 transition within the”=0" band is forbidden firm the trend predicted from the isospin symmetry within
by collective model selection rules despite its isovector charihe isobaricT = 1 triplet. Furthermore, iff% a first compari-
acter. Therefore the wholE1 strength originates from the ¢gp, of isospin allowed and forbidd&1 transitions is given,
small admixtures oK #0 components of both states. Since 54 the puzzle of a weak allowedT=1 transition is clari-

K is a good quantum number for the lowest states™  fioq Nevertheless, in this nucleus, further lifetime data on

- _ + _
[21], the B(E1;2, ,T=0—-2, ,T=1) value has to be very warE1 transitions, especially allowed ones, are needed for
small, being comparable to the one for thg ,2=0 a more general comparison.

—1%,T=0 transition, which is isospin forbidden, but al-

lowed by collective model selection rules. We are grateful to A. Gelberg and T. Otsuka for fruitful
In summary, the present work improves our knowledge ofdiscussions. This work was supported by the BMBF Project

the absolute transition probabilities of two members of theNo. 06 OK 958.
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