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The nucleus®Ti has been studied with the reactidfMg(?®Si,a2p)*°Ti, at the bombarding energy of
115 MeV. Thin target foils backed either with Au or Pb layers were used in order to perform DSAM lifetime
measurements. The yrast™134", and 15 levels were found to depopulate towards a sideband with enhanced
stretched M1 transitions. The deduce@EB) and BM1) rates for the bands witki=0" and 3 agree in general
with the values predicted by the Large Scale Shell Model. As a complementary information, the lifetimes of the
yrast 4 states in“8Cr and °°Cr have been measured in the reactioff$g(?®si,2p2n)*Cr and
28\Mg(?8si, 2p2n)%°Cr and found to agree with Shell Model predictions.
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I. INTRODUCTION DSAM lifetimes will be presented which allow to extend

In recent years an extensive experimental research hd@e understanding of this nucleus. Preliminary data have
been carried out at the Legnaro National Laboratofliéé ) ~ Peen presented in Refll]. . _
in the nuclei*®**°Cr and*®*"*%, lying in the middle of the A condition to get this improvement is to adopt reliable
1f,,, shell, with the major aim to get reliable experimental Stopping power curves. Thé&°Ti nucleus is particularly
B(E2) values in order to investigate the rotational collectiv-Suited for stopping power calibration since lifetimes of low-
ity. For this purpose the lifetimes of several levels have beelying levels are well known. In fact, after the last compila-
determined with a careful Doppler shift attenuation methodtion [8] further precise lifetimes obtained with the recoil dis-
(DSAM) analysis[1-6]. Large scale shell modgLSSM)  tance Doppler shiffRDDS) method became availabjé2].
calculations in the fulpf configuration spacg/] reproduce One can thus adjust the stopping power in a DSAM line
very well the excitation energies of the observed natural parshape analysis in order to get the best fit when adopting well
ity levels and the transition probabilities, while the unnaturalknown lifetime values. Both Au and Pb were employed as
parity bands are well reproduced by extending the configustopping materials. The use of Pb is to be preferred in the
ration space to include dy/,-hole. Prolate deformation con- case of long-lived transitions since the Doppler broadening is
figurations are generated at low excitation energy, which cagnhanced, due to the nearly two times smaller stopping
be classified in the framework of the Nilsson model. Thepower.
attention was focused on the yrast sequence of levels up to The second experimental part of this work is aimed to get
the spherical band termination in thé}4 and I3;,® 1f7;  more precise lifetime values for the long lived gtates in
configuration spaces, for natural parity and unnatural parity!®cr and®’Cr, using the adjusted stopping power curves for
respectively. These bands are selectively populated in heavph backing®Cr is crucial for understanding the structure of
ion induced fusion reactions. the 1f,, nuclei as its gs band is predicted by LSSM to have
In the present work th&Ti nucleus is studied. At the time  the largest deformation in this region. This is currently as-
of a recent review8], this nucleus turned out to have been sumed but it is not fully proved experimentally, since the
studied at low excitation energy with different techniques,ifetimes of low-lying levels were obtained in DSAM experi-
but that the knowledge at high spin was rather sparse. Morgents with large error bars, rising to about 30% for the 4
recently, using the reactidfiSi(**Mg, a2p) at 115 MeV ona |evel [1], therefore not very restrictive.
thin self-supporting target, th&Ti states were reported be-
yond band termination at 14or the ground-statégs) band Il. EXPERIMENTAL PROCEDURE
and beyond the terminating level 1for a K=3" band[9],
greatly extending the level scheme with respect to a similar The nuclei*®Ti, *®Cr, and*°Cr have been populated with
heavy ion study10]. The latter band is explained as due to athe reactiong*Mg(?8Si, a2p)*°Ti, 2“Mg(?Si, 2p2n)*éCr, and
proton promotion from th¢202]3/2" Nilsson orbital to the ~ 2Mg(?®Si, 2p2n)°°Cr, respectively, at 115 MeV bombarding
[321]3/2 one, followed by parallel coupling of the unpaired energy. The beams were provided by LNL 15 MV XTU-
spins. A classification according to the quantum nuntbés  tandem. The target consisted of a 0.8 mg? éail with either
anyhow reasonable only for the lowest states of the bandgick Au or Pb backing of 10 mg/ctn
because the deformation decreases strongly approaching the The y rays were detected with thedetector array GASP,
band termination. comprising 40 Compton-suppressed HPGe detectors and a
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FIG. 1. Adopted level scheme &fTi.

80-element BGO ball which acts agyaray multiplicity filter.  action. Those at low energy and measured in more than one
In order to allow the lifetime analysis, data were sortedexperiment are reported in leftmost part of Fig. 1 in tentative

into seveny-y matrices having on the first axis the detectorsbands. Onlyy-transitions observed in the present experiment

in rings at 34°, 60°, 72°, 90°, 108°, 120°, 146° and on theare reported.

second axis any of the other 39 detectors. Events were stored The members of th&=3" band are reported up to 17

on tape when at least two Ge detectors and two elements @he terminating state in thedI,1f7 configuration space.

the multiplicity filter fired in coincidence. The same proce- The |evels above the yrast 14tate were taken from Re®].

dure has been used in previous wofks The levels at 9148, 10475, 11550, and 12490 keV are
taken from the same reference, with the spin-parity assign-
. EXPERIMENTAL RESULTS ment deduced from the present lifetime measurements. Fur-

ther low-spin negative parity levelg8,13], not efficiently
observed in this experiment are grouped on the rightmost

A level scheme ofTi, updated with respect to the last part of Fig. 1, but they will be not extensively discussed in
A=46 Nuclear Data Sheef8], is shown in Fig. 1. In the this work. The spin assignments of R¢13], recently con-
present experiment no new levels were found with respect tirmed in Ref.[14], are adopted for levels at 3826, 4415,
a previous ong9]. 5280, and 6027 keV. The transitions from the lével (at

Positive parity levels are displayed only up to the yrast5198 ke\j to the one at 3826 keV and from thé Rvel (at
level I"=14", the band termination in thefl,, shell, because 6149 ke\j to the one at 4415 keV, reported[ib5], were not
above it their lifetimes are below the DSAM sensitivity observed. On the other hand, they were not confirmed in
range. Several positive parity low-spin levels are knd&  successive experiments, including one with the same first
which were not significantly populated with the present re-author[10].

A. The “5Ti level scheme
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TABLE |. Experimental and theoretical results4fi. Errors in y-ray-energies are 0.3 keV when a decimal is quoted, otherwise 1 keV.
Not observed gammas are given in brackets. The lifetime values refer to the upper level of the transition.

E, E, ¥»BR T T B(E2) B(E2) B(M1) B(M1)
Transition expt. SM expt. expt. previous expt. th. expt. th.
I7—I7 keV)  (keV) (ORI (-S! (s (€fm?) (€2 fm?) (%) (%)
K=0*
2" —0* 889.3 993 100 7.63)° 191(2)° 116
4+t 1120.6 898 100  2.q23) 2.3414°  231(27) 154
2.0015°
6" — 4" 1289.4 1135 100  1.3a3 1.4313° 17017 154
8t 6" 1598.0 1543 100  0.5%) 0.6410°  15415) 140
10" —8* 1345.4 1414 100 1.685) 110110) 101
11" —10° 1700.3 1689 100 <0.05 0.2 >0.15 0.44
128 10 1975.1 2097 68)  0.425) 42(5) 41
128 11* 275.1 408 3B)  0.425) 18 2.2321) 1.87
13*—12° 2106 2168 9@1)* 0.062) 0.03 0.103) 0.10
13— 14" 284 150 41  0.062) 3 2.Q7) 2.82
14" —12* 1821.6 2017 100  1.100) 37(4) 35
K=3"
43 383.0 179 ®) 106.65)° 356 0.0071) 0.02
5 3" 793.9 691 11.82) 6.912)" 43(10) 59
5 4 411.3 511 3.014) 289 0.00%2) 0.00
6 -4 1220.8 1344 76)  1.2213 1.53)° 17723) 142
6" —5" 809.7 833 20.815) 166 0.0184) 0.03
7 —5 1345.5 1336 an) 0.809) 22526) 193
7" —6" 536.1 504 81) 166 0.01510) 0.02
8 -6 1487.6 1376 91)  0.486) 227(28) 189
8 —7 952 872 31) 87 0.0042) 0.03
9 -7 1631.9 1552 8®)  0.294) 220(31) 201
9 -8 680 680 113) 86 0.07021) 0.02
10—-8 1813.4 1844 100 0.23) 181(29) 156
10—9° (1132 1165 <2 25 <0.01 0.00
117 —9° 1887.4 1677 76)  0.153) 16431) 171
117 —10 753 512 62) 71 0.05%20) 0.00
127 —10 1800.0 1992 an) 0.234) 186(30) 139
12 —117 1047 1480 8l) 10 0.0064) 0.00
13 —117 2040 2072 6B)  0.102) 10427) 169
13 - 12 994 592 2) 32 0.05417) 0.03
137 -12, 281 29 41) 23 1.0942) 0.87
14 127 2283 2425 3  0.103) 5921) 67
14 13 1289 1832 166) 8 0.063) 0.00
14 —13, 496 772 162) 16 0.13) 1.14
1513 2141 2214 7(6)  0.143) 11022) 125
15 — 14 852 381 104) 43 0.063) 0.11
15 —14, 407 144 205) 4 1.0435) 1.72
16 — 14 2488 2669 100 0.18) 58(10) 49
16 —15 (1631 2288 <5 3 <0.01 0.01
16 —15, 757 1 0.32
17 —15 2652 2752 100 0.1@) 62(14) 64
17— 16" (1017 464 <6 32 <0.05 0.00
17 —16, -709 9 2.95
*Referencd9].
bReference{S].
‘Referencq12].
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TABLE II. Lifetimes from the analysis of stretched E2 transitions in the gs barfiTaf In order to evaluate the systematic error, present
errors are only statistic. The lifetime values refer to the upper level of the transition.

Transition E, Au backing Pb backing Previous
I7=1¢ (keV) (8] () (ps)
2" —0* 889 7.637)%
4t —2° 1121 2.0110 2.191172
6" —4" 1289 1.3%7) 1.328) 1.4313
8" —6" 1598 0.514) 0.505) 0.6410)
10*—8* 1345 1.666) 1.7Q7)

12t—10° 1975 0.424) 0.41(5)

14t —12° 1822 1.085) 1.126)

“Average of Refs[8,12]

Experimental energies and branching ratios are presenteaverage. This error is quadratically added to the 8% adopted
in Table | for transitions without parity change, while those for Au getting approximately 10%. Such systematic errors
for transitions with parity change are postponed to Table lll.were applied to the lifetimes reported in Tables | and IlI. For
Unless differently reported, branching ratios from presentifetimes shorter than 0.4 ps the determination with Au back-
data are adopted, which are in general consistent with data afig is reported, while for the longer ones an average was
Ref. [9]. taken of the determinations with Au and Pb backings.

The lifetimes of the gs band levels were obtained con-
secutively from the top to the bottom of the cascade. The

B. Lifetimes in “°Ti probe transition line shapes were fitted by varying the side-
The programLINESHAPE [16] was used to get lifetime
estimates from line shape analysis. The Northcliffe-Schilling [ (a) 46,1, 60° ]
; . - Ti/Pb .
stopping powef17], corrected for atomic shell effecf48], 1289 keV

was used. The original code was modified in order to allow

the narrow gate on transition beldMGTB) procedurg19], 10000
which is free from systematic errors related with sidefeeding »
uncertainties. More details about the analysis procedure ar'g
reported in Ref[1]. 8

The results for the lifetimes of the evédevels in the gs
band are presented in Table Il. They were obtained with the
NGTB procedure, apart for the 14erminating state. A first
example of the NGTB analysis is shown in Fig. 2 for the  1000F
lifetime determination of the yrast*4level in “Ti, which -
decays to the 2level with a 1121 keVy-transition. Taking a (b)
transition populating the level under study as a probe, the i
lifetime of the level is provided by the comparison of its full
line shape with the partly suppressed line shape, obtainet
with a narrow gate on a Doppler broadened transition de-
populating the level. Owing to the particularly long lifetime,
the measurement could be made only using Pb.

In order to check the size of systematic errors, caused by)
the adopted stopping power, the errors quoted in Table Il are ;g0
only statistical. The lifetime determination for thé Evel, X
using a Au backing, agrees well with the precise published  E¢ TocRIraee-
value, determined also with Coulomb excitati@8]. This i
was already considered in R¢L] for Cr is Au, to which we . l . l . L . L .
refer for a detailed discussion, and therefore the same sys 1280 1290 1300 1310 1320 1330
tematic error of 8% is assumed there, in the subsequen Energy (keV)
works in neighboring nuclei2—6] and in the present work.

As reported in Table II, similar lifetime values as in Auwere  FiG. 2. NGTB analysis of the 42" 1121 keV transition in
obtained with Pb backing when a reduction of 10% is ap-eti using the 1289 keV line as a probe. Thdines were analyzed
plied the stopping power of Ref18], which was thus at60° and gated ab) 889 keV(wide) and(b) 1121 keV(narrow.
adopted in this work. The adjusted lifetime values departrhe dashed line inb) displays the full line shape which corre-
statistically from the ones with Au backing by 5%—6% on thesponds to the fit ira).

Gate @ 889 keV

NGTB @ 1121 keV

ounts

034302-4



ELECTROMAGNETIC TRANSITIONS AND STRUCTURE OF®Ti PHYSICAL REVIEW C 70, 034302(2004

TABLE lll. Results for parity changing transitions f¥Ti. The lifetime values refer to the upper level of the transition.

Transition E, BR T
IT—I1f (keV) M (%) (P W.u.
32t 2169.3 E1l 1.6) 31.35° 1.8(6)-10°°
34t 1048.7 E1l 97.0) 31.35) 2.1(1)-10°
3—2 97 El 0.124) 31.35) 0.5415)-10°°
3 -0t 3058.4 E3 1.0) 31.35) 2.64)
4~ 4t 1431.4 E1l 2) 106.65)" 0.051)-10°
42t 2552 M2+HE?3) 1.002) 106.65) 0.041)
5 —4* 1842.4 El 8(8) 6.912? 1.35)-10°
5 —6" 553.2 El 4.68) 6.912) 2.86)-10°
6 —6" 1362 E1l 8.89) 1.2513)? 2.03)-10°
11— 10 2473 E1l 285) 0.153)% 7.821)-10°
13 —12 2538 E1l 285) 0.102)2 18(7)-10°
14 —13 1722 E1l 268) 0.102)% 39(10)-10°
%Present work.
bReference{lZ].
feeding times, adopting the values for the upper lying states C. Lifetimes in “Cr and *°cr

from the prior analysis. For each state, the probe transition

. . + : 48 50,
was a direct feeder with the exception of the lifetime of the The lifetimes for the yrast'alevels in"“Cr and"Cr were

determined with the NGTB procedure in the measurement

(I"=6") state, for which the probe transition was the with Pb backing. Typical examples of line shape analysis are
1345 keV line(using the(I7=8") state lifetime previously .shown in Fig. 5, leading to the lifetime values 1(¥8) and

determinegl In most cases some minor contaminant transi- 48 50 .
tions were taken into account improving the fit quality, but2.12(23) ps for “Cr and>"Cr, respectively. The aforemen-

the lifetime results are only mildly affected by these correc-ion€d stopping power correction for Pb was applied. The

tions. The NGTB analyses for the “L&vel in both Au and uncertainties were sensibly reduced with respect to those pre-
Pb measurements are shown in Fig. 3. viously reported1].
The lifetime of the band terminating statE"=14") was
obtained from a standard DSAM analysis of the 1822 keV
line shape. Its full line shapéupper pgrt of Fig. Bwas IV. DISCUSSION
obtained setting a broad gate on the 1289 keV transition, A. Positive parity levels in *°Ti
since the spectra gated on a lower and narrower transition . . . :
would be strongly contaminated by the 1813 keV transition, | N€ €xperimental positive parity levels are co+mpared with
belonging to theK™=3" band. The line shapes were fitted the theoretical ones in Fig. 6. Only the lowest @, and 4
simultaneously for detectors placed at the seven angles of tHgVels are considered in addition to the gs band. The calcu-
GASP array and all the results are of similar quality as thatations were made with the code ANTOINE in the fdijp
shown in Fig. 3. The analysis is unambiguous since the linéhell, adopting the KB3 interactiofy]. Rather good agree-
shape has been fitted essentially with a single lifetime, oncgent was achieved for the gs band. Alternative calculations
the sidefeeding is very fast. The weighted averages fromwere also made using the KB3G interactip20], just a
determinations using Pb and Au backing are reported irslightly modified version designed for nuclei approaching
Table I. The stretchedl =1 transitions from the Tland 13 %®Ni, with negligible variations. In fact, in Ref{20] it is
levels, assigned in Fig. 1 to the gs band, have been analyzedmarked that the interactions KB3 and KB3G give equiva-
in the standard way using the Au backing. The"+110%,  lent results in the middle of the shell, being the variations of
1700 keV, transition turned out to be very fst0.05 pgin  the transition rate values limited to a few percent. Also the
accordance with Ref10] and in disagreement with RgB]. effective interaction FPD§21] is frequently used in this re-
The lifetimes for the levels of the negative parity bandgion, but, for nuclei in the middle of thefi, shell, often
with (K™=3") were obtained by standard DSAM analysis results in BE2) values up to 20% too large when compared
with Au backing. For the even spin states the line shapewith experimental values, as in the case of the yrast bands
were fitted considering the 1842 keV gated spectrum whilenalyzed in Refs[1-6], which are, on the other hand, well
for the odd spin states the line shapes were fitted to thexplained by the KB3/KB3G ones. For this reason those pre-
383 keV gate spectrum and are reported in Table I. The exdictions are not considered further here.
perimental BM1) values for the stretched decay from the  Concerning the decay properties, it is confirmed that the
yrast levels 13and 15 towards nonyrast levels turned out to experimental lifetime of the yrast*4in “®Ti is sensibly

be very large. The standard line shape analysis fer9~,  shorter than the calculated one, similarly to what occurs for
1632 keV, and 8— 67, 1488 keV transitions are shown in the level Z [8]. This is ascribed to some contribution of
Fig. 4. deformed 2-hole and 4-hole configurations in #wshell,
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very important at the beginning of thd-], shell[22]. Such
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FIG. 4. Standard line shape analysis of (ag9™ — 7~ 1632 keV
transition at 60°(gate at 1842 keY and (b) of the 8 —6~
1488 keV transition at 72¢gate at 383 keYyin “®Ti. Data from Au
backing experiment.

a 45% admixture is evaluated for the ground state. The
higher excitation in*®Ti leads to the expectation of a lower
but still relevant mixing. In contrast to that, the yrare &
3694 keV in the cross-conjugaf8Cr is rather well repro-
duced(i.e., 3950 keV, likely because with increasing mass
the hole configurations become less important.

Experimental results for positive parity levels are com-
pared with theory in the upper part of Table I, while the
B(E2) values are shown in Fig. 7. Standard effective charges
0.5e and 1.® are assumed for valence neutrons and protons,
respectively. An estimate of the transition quadrupole mo-
ment Q; can be obtained from the (B2) value of the 6
level, using the rotational model. A deformation parameter
B=0.22 is estimated with the formula[24]:
=1.0ZA??B(1+0.363) fm?.

B(M1) values are reported for transitions™211*, 13
—12%, and 13— 14". The first and the last @11) values
are very large, while the second one is small. This staggering
reflects the dominance off%, configurations approaching
the band terminatiof25].

The gs band iff°Ti is rotorlike up tol "=8*, while above
it experiences a backbending and thé @i2cays with a fast
M1 to a 11 level. LSSM does not interpret this as a band-
crossing since the yrare 16 expected 1.3 MeV above the

interpretation is confirmed by the consideration that the secyrast one. For an alternative explanation, it was observed in
ond 0" level is most probably an intruder level with respectthe introduction thea K classification is valid only at low
to the pf configuration space since it is positioned atspin. This is particularly stringent iffTi, since it is not a

2611 keV while it is predicted by LSSM in the fufif con-

very deformed nucleus. The backbending at &én be re-

figuration space to lie above 4 MeV. It is thus candidate tdated to an intrinsic and abrupt change from collective to
be the head of a deformed band having mostly a 2h- and 4moncollective regime, as probably occurs also*i@r, but
configuration, which somewhat mixes with the lowest levelswith a delayed backbending Et=12". It is relevant to note

of the gs band. Similar conclusions were recently obtainedhat the situation is different in the cross-conjugate nucleus
for %Ti [23], in which case the yrare 0+ lies at 1907 keV and®’Cr. There, the yrast TOevel, lower by 414 keV than the

034302-6
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0 B. Negative parity levels in“eTi
As summarized in Table |, the yrast 1314", and 15
19301340 1350 1560 1570 1580 1390 1600 levels at 10 756, 12 046, and 12 897 keV, respectively, decay
10000 Energy (keV) partially via 281, 496, and 407 key-ray to nonyrast=12,
E (a) 50 60° 13, and 14 levels. For a positive parity assignment, this im-
E Cr/Pb . . .
1282 keV plies in all cases an E1 strength largely exceeding the
Gate @ 1098 keV adopted E1 limit of 3- 1¢ W.u. in this nuclear regiof2], so

Counts

NGTB @ 1098 keV

1280

1300
Energy (keV)

1320

1340

that stretched M1 decays are assigned to these transitions and
thus a negative parity to the fed levels.

Experimental negative parity levels are compared with
calculated ones in Fig. 8. The agreement is in general satis-
factory for theK=3" band, but it must be stressed that the
members of the even spin signature are predicted too high by
about 300 keV for levels 12 147, and 16, indicating that
some structural effects are not well described.

In the present calculations the configuration space was
extended to include a nucleon-hole in thg, orbital and the
same effective interaction as f&% [26] was used, together
with standard binding energies. In the case of unnatural par-
ity levels the choice of the effective interaction is more dif-
ficult. In previous calculations with the code ANTOINE, in-
teractions have been considerg¥] which originate from
one designed for neutron rich nuclgd8], but which were

30— T T T 7

FIG. 5. (Left) NGTB analysis of the #level in “®Cr using the 3

6" — 4% 1586 keV transition as a probe at 1208) 752 keV gate {
and (b) 1106 keV narrow gate(Righty NGTB analysis of the %
level in ®°Cr using the 6— 4% 1282 keV transition as a probe at
60°, (a) 1098 keV gate angb) 1098 keV narrow gate.

B(E2) (¢*fm*)
g
T
“
a
g =l
Bw

8
T
(m]
12 ]
1

yrare one, is the head &f"=10" band, which is due to the
simultaneous breaking of neutron and proton pairs with a oz 4
recoupling of the four nucleons to the maximum value of

angular momentuni14]. Owing to the active Nilsson orbit- FIG. 7. Experimental EE2) rates for the gs band iffTi as a

als in*°Ti, the band obtained in a similar way has about thefunction of spin: closed squares are from this experiment, closed
same excitation energy b#t=6 and thus would be largely triangles are from previous data. Theoretical predictions are indi-
nonyrast. cated by open squares.

8 10 12 14 16
I(h)

(=
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o K=~;’7_ K3 termination, the stretched M1 strengths towards yrare levels
- Ti e T et 147, 13, and 12 are very large, in agreement with theory.
" Keom B This indicates the dominance of spherieals,® 3/} con-
N " 5 W M figurations, in which case ®11) values 4.51, 0.47, and
E‘Z - 13 — . 13:— 0.90/.L§ are prediqted for transitions 1—716?, ;6—> 15,, and
‘ém o 2 . T 11?_— 15— 14, respectively. Such values are similar to the LSSM
5 . % — T ones(Table I), but the band spacing regularity is lost. In this
Yo 0 o == context, the M1 transitions connecting the terminating level
2 = T e = T 17" with the yrare and the yrast 1@vels are very different:
Se T > g—i & . = &= the former is very large, while the latter is very small. This is
“ & (&) & T = explained, considering that, near the terminations, the states
* e T%= w Tk of the gs band iV and of theK=3" band in“°Ti can be
, exp - described with spherical f{, and 1d3,®1f/, configura-
tions, respectively. The former and strong transition can be

0 related to the equally strong M1 transition between the ter-
_ _ _ _minating levels 29/2and 31/2 in *'V [3]. Since the termi-
I_:IG. 8. Comparison of experimental energies for the negatlve-nating level 17 must be described by coupling the spin of
parity levels and LSSM calculated energies. the 1d,,, proton-hole parallel with the one of the 31/Rvel
in 4V, such similarity occurs if the yrare 1&tate originates
from the analog parallel coupling with the spin of the yrast
29/2 level. In fact, according to the properties of spherical
tensor operators, the spin recoupling caused by the presence
of the 1d3;, proton-hole gives rise only to a modest variation.
®rhe yrast 16 level, the only further level of such spin built
in this configuration space, has to be composed by the un-
stretched coupling of thédV 31/2" state with the ds,
%roton—hole. Applying again spherical tensor algebra, the

lslfnb;ﬁe:hel\/ltgesglalt;ga:nsesoiﬂemaljgfe’ dV\é?(UIgri:ﬁ:gtatloeﬁors:lslglgﬂyB(M1) value becomes proportional to a linear combination
BM1) ’ q P ; of the static magnetic moments of the proton-hole and the

perimental and theoretical reduced rat¢E® and BM1) of Y . ; )
. g states, with approximate cancellation.
the K=3" band are compared in Fig. 9. TheH) values No new information was collected for the non yrast low-

indicate a larger dgformaﬂon than predlcted..A deformatlor]ying negative parity levels, reported in the rightmost part of
parameteB=0.25 is estimated from the transitions betweenFig 1 and compared in Fig. 8 with calculated ones. It is

low lying states, i.e., somewhat larger than for the gs band ;
The BM1) values inside thek=3" band are small, both natural to classify those levels, as well as the yrare levels

: . : ith higher spin, as members of k=0~ band[11], which
experimentally and theoretically, but, approaching the ban an be produced in a similar way as &3~ band, but with

300 —————————————— an antiparallel coupling of the unpaired spins. It has to be
[ ] noted, however, that the calculated yrardevel has a large
positive spectroscopic quadrupole moment, as expected for
the head of & =4~ band. The mixing between the=0" and
K=4" bands may explain the rather irregular behavior of the
§ s8] observed sequences. Also other negative parity bands are

also applied in the stabléAr [29]. By adopting different
versions, the relative position of the predicted lateral band
may change.

In the lower part of Table | experimental data for tke
=3 band are compared with theoretical predictions. In th
evaluation of the experimental(Bl1) for Al=1 transitions

[} [ ]
s 3
T T
e
O—e—
O
oe—
G-
—e-
—e—i
O
1 1

B(E2)(e*fm")
=

S

T
e

|

*r . ¢ Ly predicted at little higher energies, but since no new experi-
oF o o] mental information is presented here, no further discussion
= 2f o will be made.

2 $st
[~ | 1 ] ] 1 RN
~ 0.10F o ] C. Transitions connecting“®Ti levels with different parity

] Several E1 transitions were observed to depopulate the
]“: K=3" band towards the gs band, whose properties are sum-
5]

BMI)(n
(=3
=
T
—a—
—— 3
O—e— b
—a— e

marized in Table Ill. The strength of the 97 keV transition
from the 3 level to the yrare 2at 2961 keV is found to be
about 100 times smaller than previously repoiii@d The E1
strength of the 1722keV 14-13" transition

FIG. 9. Reduced transition probabilities as a function of spin for(3-9(19 -10* W.u) may slightly exceed the adopted limit of
the K™=3" band of*°Ti. The full and open symbols refer to experi- 3-10“ W.u.. In that case it would be the first violation ob-

e
8
-

.. @ o
PR N i R L
8 10 12 14 16 18

I(7)

mental and theoretical values, respectively. Circle@&a of | — | served in more than one hundred E1 transitions examined in
-2 transitions; squares:(BI1) of | —I-1 transitions; diamonds: a systematic study in this regid2—€]. The reason for the
B(M1) of | — (I-1), transitions. comparatively enhanced E1 decay between some states ap-
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TABLE IV. Lifetimes in the gs bands of®Cr and®Cr. The  that the RE2) rate of the 2— 0" transition in“éCr is con-

values refer to the upper level of the transition. siderably larger than that calculated with LSSN. This
resembles the situation found for thé &tate in“*°Ti and
Texp Texp could be related to some mixing with a 2- and 4-hole con-
Transition E, present previous Tith figuration. Deformation parametefs=0.24 and 0.26 are de-
IT=1f (keV) (P (5] (5] duced for°Cr and*®Cr, respectively.
“8Cr V. CONCLUSIONS

+ + b
4—2 1106 1.7418) 1.55)"1.95) 1.59 The spectroscopy dfTi, lying in the middle of the 1,

shell, has been greatly extended through the determination of

2" -0t 752 10.311)° 15.4 electromagnetic transition rates. In order to get reliable
S0cr DSAM lifetimes, the stopping power for the recoil in Au and
a4t ot 1098 2.1223) 2.57),23.24)° 19 Pb was preliminarly investigated. . _
‘L at c The observed BE2) enhancement in the gs band points to
2"—0 783 12.5%7) 14.6 . - L. . .
the build up of rotational collectivity. LSSM calculations in
ZReference[l]- the full pf shell predict well the energies and electromagnetic
CReference[so]. moments of the gs band frohi=6", up to thel”=14" band
Reference[31]. termination in thef,,, shell. The predictions are poor for

lower spin states, yrast or not, due to the admixture of de-
proaching band termination in the bake 3~ towards the gs  formed 2 and 4 hole configurations from thé shell which
band may be that the excitation energy is sufficient to excitére not taken into account.

a 1ds;, nucleon. A small contribution ofdz,® {575 configu- Concerning theK=3" band, the main features, as well as
ration would allow an E1 transition from thef, to the the E2 and M1 transitions, are well reproduced up to the
1ds, orbital. A similar effect could be due to th@gds, orbital ~ 17=17" band termination by extending the configuration
but is probably less important since an E1 enhancement igpace to include one hole in thel;), orbital. The enhanced
not observed in heavier nuclides. M1 decay of the 13 147, and 15 levels toward a sideband

It should be noted, moreover that the yraré @t is also predicted.
2611 keV decays to the*ia a 1722 keV line which may LSSM predicts many negative parity levels, which can be
get rise to some contamination. organized in bands, whose relative position strongly depends

A branch from the 3 level to the ground state was ob- on the fine tuning of the residual interaction. This is a chal-
served, which corresponds to a noncollective E3 transition. Aenge for further experiments aimed to a “full spectroscopy.”
mixed M2 +E3 decay has been observed, which connects the Good agreement with theory is also found for the life-
4" level at 3441 keV to the*2one at 889 keV. This provides times of 4 levels in**Cr and*°Cr. The deduced deformation
an upper limit for the M2 strength, which turns out to be of the gs band°Cr turns out to be somewhat larger than in
retarded as usually. the cross-conjugate itfTi, while the maximum deformation

is observed irféCr, even if slightly smaller than previously

D. *cr and *°cr suggested1].

The results for*®Cr and®°Cr are presented in Table IV.
The value presently obtained for the lifetime of thieldvel
in °°Cr is sensibly lower than that measured with the RDDS J.R.B.O., N.H.M., and R.V.R. would like to acknowledge
method[31]. This may be due to the fact that in that mea-financial support from the Brazilian agencies CNf&pn-
surement the feeding time was not explicitly accounted forselho Nacional de Desenvolvimento Cientifico e Tec-
The extracted BE2) values for the 4— 2* transitions agree nolégico and FAPESRFundacéo de Amparo a Pesquisa do
with theoretical values. The only marked disagreement i€stado de S&o Paylaand INFN(Italy).
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