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Lifetime and B(E2) values for the 3} level in 1%%Sm
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Existing data for the 3 state of'>2Sm present serious uncertainties for any collective interpretation of this
nucleus. In this work the lifetime of the;3state in%’Sm was remeasured, using the gamma ray induced
Doppler technique in then|y) capture reaction, and tH&2/M 1 mixing ratio of the 3 —25 transition was
obtained from linear polarization measurements ays following thee decay of*>Eu. The results remove
the previous potential discrepancies and are in agreement with the interpretatidBrfas exhibiting phase
coexistence near the critical point of a spherical-deformed phase transition.
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Recent measuremerits—3] of B(E2) values and branch- anothery ray following neutron capture. Since such recoil
ing ratios in 1®2Sm have led to significant alterations in the energies are very small, the observation of Doppler broaden-
existing level scheme. With these new datdSm has been ing demands extraordinarily high resolution. This requires
interpreted 2—5] in terms of a mixing of coexisting spherical the use of the ultrahigh resolution GAMS4 flat crystal spec-
and deformed phases. In this vie{d?Sm is considered as a trometer at the ILL in GrenoblELO]. This spectrometer can
nucleus very near the critical point of a first-order sphericalprovide resolution of a few eV for 1 MeV transitions, which
deformed phase transition in the variabfesnd y [6]. is suitable for GRID measurements for nuclei in the mass

Most of the attention so far has focused on the yrast levelg 5o region. For details of this device and the GRID tech-
and the yrare states built on the Gstate. There is also, nique, see Refd9,10]. In the present experiment, levels in
however, a level sequence built on thg Zevel, and this  152Sm were populated following double neutron capture on a
sequence, in particular the decay of thel@vel at 1234 keV 1595 target situated in the core of the high-flux reactor at
could present serious problems wiéiny interpretation of the ILL.
152Sm. The situation is illustrated in Fig. 1. All model inter-  The major uncertainty in extracting level lifetimes with
pretations of*5Sm, whether in a coexistence picty or  the GRID technique is actually not due directly to the mea-
earlier models, would predict &B(E2:3; —23) value
~150-250 Weisskopf unifW.u.). Yet the existing literature

. T X Previous Present
gives a lifetime for the 3 level of 7<9 ps[7,8] which
corresponds to 8(E2) value>56 W.u.[assuming a pure 3] _t<ops =L12)ps 4+
E2 transition, or even less {As we measured — see below St _>z_g_\1,_ | 2tEg || 1
there is arM 1 componenit Of course, the lower limit on the 1.0 3

; . 27 >0.03 0.20(4)
B(E2) value, in principle, allows any value, but, clearly, - PSR 2N 7% B I 2 B
until this potential problem with th&(E2:3; —23) value E FTE 2
is resolved, any further interpretation of thg 2equence of & 45| 2 0.9 7M
levels is precluded. S | 1.
Therefore, the purpose of this Brief Report is to present ,F 209 >0.9 7(1)

the results of measurements of the lifetime of tHe l8vel. 'Y — e ST
The lifetime was measured using the GRigamma ray in- 0.0%F o =/

duced Dopplertechnique in ther, y) reaction at the ILL in

S e -
G_repgble. To help establish if the; 325 tran_SItlor? _has a . the ﬁ' state at 1234 keV. The existing lifetime limit for thé Zevel
significantE2 component we also measured its mixing ratio;s shown along with our new results. The present work shows that
with a linear polarization measurement pfrays, following  the actual lifetime of the 3 level is an order of magnitude less than
e decay of *%Eu, with clover Ge detectors as Compton po-the previous limit. The numbers on the transition arrows are the
larimeters at Yale. B(E2) values in W.u. from Refg2,8]. On the far right théB(E2)

In the GRID technique9], the lifetime is obtained by values from the present study are shown. ForB(E2;3; —22)
measuring the Doppler broadening of a deexcitajoray  both previous and current values are calculated withsthd value
from a nucleus that is recoiling due to the prior emission offrom the present polarization measurements.

FIG. 1. Partial level scheme fo°’Sm exhibiting the decay of
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' ' ' T ' T TABLE I. Comparison of the lifetimes deduced in this work
8001 _ using the extreme feeding assumptidsse text with the previ-
e Exp. Data ously reported data.

— = Instr. Resp. Function g
— Fit

Ez=1112keV

i level Elevel (k€V) E, (keV) 7 (pg) 7 extreme limits(ps

§ J 2; 1086 964 1.5®0) 2 0.46-1.55
2 37 1234 1112 <9P 0.44-1.08
2 7 4 1372 1005 20" 0.54-1.78
| ®Referencd3].
. bReferencd8].

experience from previous GAMS4 measuremdits. For
0 . L : ' ' ’ . ' the 1234 keV level, this gives=1.1(2) ps. For compari-
son, Ref.[7] gives 7<9 ps. The present result therefore
gives B(E2) values, and, in particular, tH&(E2;3; —23)
FIG. 2. The Doppler broadened line shape for the 1112 keVyvalue, about an order of magnitude larger than the limits in
37 —27 transition from 34 scans over this transition with the Ref.[8], as shown on the far right in Fig. 1. In particular, the
GAMS spectrometer. The dotted line shows the instrumental Iinq3(|52;3l+_>2,::) value is now clearly collective. As Fig. 1
width. The solid line is a fit to the data that incorporates Doppler i — i .+
broadening due to the finite lifetime. P PP sh0\ivs,_usmg the valug= l-'O (&'}e(.a below glvgsB(EZ,Sl
—25)=221(40) W.u., which is indeed considerably larger
than the previous limitwith §=1) of >28 W.u.
Since the multipole character of thisJ=1 transition is
not experimentally known we also studied its mixing ratio at

DOPPLER BROADENING [eV]

sured linewidth itself, but rather to estimating the initial re-
coil velocity distribution of'>2Sm nuclei at the time of popu-

lation of the levels of interest. This velocity distribution vale using the linear polarization of the emittedrays, in

depends on the energy distribution of theays feeding lev- . . . .
els from the capture state and the lifetimes of the intermedigrder to verify that it has substantiBl> character. For this

ate levels. Such feeding usually proceeds by many routes any'"Pose: four pairs of detectofseven segmented Clover and

0 H 1 o
is best treated as a statistical decay process. However, it e 70% Ge detecthrwith an angular separation of 98

possible to deduce upper and lower lifetime limits by using etween thel two detigtirs n (ta_]acr:( Ta'r’ were used as a
extreme assumptions about the population routes and inte 'gggg)\?[f%a[}?eﬂ | f :ﬁl In the %ety ts.pect:c?meter
sities. The highest recoil velocities will be given by assuming YL The ol v-e”ergsyzE etection etliciency
that all unobserved feeding is via a two-step cascade fro a.s.~2 % at 1'.33 Me\/. A Sta”dafﬁszs u source of ACi

the neutron capture state with intermediate level lifetime activity populating excited states ifr'Sm was mounted at

0. (Itis known that single-step population by primary tran- the center of the spectrometer apgt and higher-fold coin-

sitions is very weal.Then, a given Doppler broadening for cidence events were recorded fed0 days.

a depopulatingy ray will correspond to the longest slowing Thed de%ree 01; I|rt1ea|r Folanza_\tlo_n Ofﬂﬁ'ﬂy con:jmden;:he
down time beforey-ray emission and therefore to the IongestCasca e observed at relative emission afiglepends on the

lifetime. The lower limit on the lifetime comes from assum- multipolarities of the twoy transitions(and on the spins and

ing that all the feeding of each level comes from a state oparities of the levels involved15]. It is defined as

effectively infinite lifetime (hence the nucleus emitting the W( 6, = 0)—W( 6, d=90)

feeding v ray has no initial recoil velocityat the lowest P.(0)= — —,

possible energy consistent with the known level scheme. W(8,¢=0)+W(6,$=90)
Figure 2 sh0v+vs the .D_oppler broadened I-ine shape of th@vhere W(0,$=0),W(6,=90) are the intensities of the

1112 keV § —2; transition. From an analysis of the instru- components of the gamma radiation polarized parallel and

mental and observed line shapes in Fig. 2, the extreme feeﬂ'erpendicular to the plane of thg-y correlation. For any

ing assumptions give a lifetime for the State of 0.44 ps given set of parametei,(6) has its maximum ap=90°.

<7<1.08 ps. The large range ofvalues for the 3 level The experimentally measured quantity was the asymmetry

allowed by the extreme feeding assumptidestreme initial  ratio A. defined as

recoil velocity upper and lower limijscan be considerably 7

narrowed by using the fact that the cascade feeding does not aN, (6)—Ny(o)

vary much from level to level in a small excitation energy Al0)= W' )

and spin range, so comparison of GAMS4 data for nearby

levels of known lifetimes can pin down the actual feedingwhereN, ,N; are the number of Compton addback events

scenario relevant to a particular nucleus. There are two sualvithin a given Clover detector perpendicular and parallel to

levels that can be used, at 1086 and 1372 keV. In both casethie correlation plane in coincidence with an event in a detec-

as shown in Table I, the known mean lifetimes are very closéor at a relative angl@. The parametea takes into account

to the upper limit from the extreme feeding assumptionsthe instrumental asymmetry of the polarimeter and has to be

This preference for the upper lifetime limit is consistent with determined experimentally as a function pfenergy. In an

@
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30
20} N,=150(15)
FIG. 3. Left: Polarization-sensitive add-back
spectra of the 2— 07, 1086 keV pureE2 tran-
sition in coincidence with the;3—>2;r , 148 keV
transition. Right: Comparison of the measured
polarization for the 2—07 transition with the
theoretical expectation as a function of the

-10p
_20 F
30
20 Ny =120(13)

counts
P 1086keV

el 1 : E2/M1 multipole mixing ratiod of the 3/ —23
:28 [ , ] ] , , ] transition.
1.0 1.1 1.2 -10 -5 0 5 10
E,(MeV) s

ideal apparatus should be equal to 1 for all gamma-ray between low lying states of collective nuclei resulting from
energies. The instrumental asymmedryvas measured from small components with <F ., [18,19.
-y coincidences taken at a relative angle 180°. At this Thus, the 3 —25 transition very probably hag2 char-
correlation polar angle aly rays are unpolarized, implying acter and, with the greatly shortened new value for the 3
A,(180°)=0. This relation is used in order to extract an |gyg| |ifetime, this transition is collective. As noted above,
expenmente}l valua=1.00*0.03 at 1.1 Mev. ___ the results of the present work for the decay of tjes3ate
The relation betweeA,, andP, is given by the equation: are summarized on the far right in Fig. 1. In a phonon pic-
A,(6)=Q(E,)P.(6), (3 lure, based on the ;0 level [2,4] the 3] —23 transition”
would be an allowed three-phonon to two-phonon transition
whereQ(E,) is the (positive polarization sensitivity of the ~and is expected to haveB(E2) value~2.14 times that of
system and was determined in our case using the knowthe 25 —0, transition. Experimentally, the ratie- 2.1, ob-
polarization for a pair of gamma ray4112 keV, 121 keY  tained usings=1 for the 3 —23 transition, is consistent
very close in energy with those involving thg 3tate(1086  with this interpretation. TheB(E2;3; —23) value of
keV, 148 keV. The measured valueQ(1.1 MeV)  221(40) W.u. is, in fact, reproduced by the IBA calculations
=0.115(12), agrees very well with the results of a Montegf Ref. [2], which give 157 W.u. The collective character of
Carlo calculatior{16]. the transition removes a potential problem taay model of
In the 3/ —2; —0; (148 keV, 1086 ke coincidence  1525m would have faced with the longer lifetime value al-
cascade, the polarization of thg‘*%of pureE2 transition  |owed by the previous measurement.
depends on th&2/M1 mixing ratio & of the 3/ —2; tran- The shorter lifetime for the 3 state, of course, also leads

sition detected in coincidence in a detector at the relativgy increased values for other transitions from the lavel
angle ¢. Figure 3 (left) shows they spectra showing the .4 it is important to verify that, while the new lifetime

1086 keV add-back line in the coincidence plane and perpen- e + e
. D : o removes a difficulty for the 3—25 transition, it does not
dicular to it in coincidence with the 148 keV line in the other . trod for the other t i o the 2
detector at a relative angle of 98°. The add-back spectr]'; 0?UCe NEW ONES or the OIher transitions — to he,
, and 22* levels — all of which should essentially be

represent the background subtracted number of coinciden ) ‘ R )
events between two leaves of the same Clover detector orforbidden in any plausible interpretation 5¥Sm. The lower

ented perpendicular to thgy-correlation plane I{,) and limit B(E2) values from the 3 level to these states with the
parallel to this planel;) as a function of the sum energy Previous f{ lifetime of <9 ps were all below 1 W.u. With
deposited in these two leaves. The measured asymmetry tlge new lifetime, the actual values, rather than limits, are
Aioss kev=0.11(7) and the corresponding polarizationPis nhow obtainable(see Fig. 1, right They remain weak, rang-
=0.96(65). Figure 3right) shows the calculated polariza- ing from ~7 W.u. for the § —2; and 3 —4; transitions
tion P06 ke 98°) as a function of the mixing ratié for the  to <1 W.u. for the 3 —2; transition. Relative to typical
148 keV 3 —2; transition, along with the experimental allowed collective E2 transitions in this nucleus of
value for this polarization. From this figure, we determine~150 W.u., these new values remain comfortably small,
that 5(E2/M 1)= 1.0+ 0.6 with the sign convention of Krane and within the range of predictions of collective models. For
and Stefferf17]. We note that the uncertainties correspond toexample, in the coexistence interpretat{@y] the 3, level
the overlap interval of the expected polarization as a functiolis a three-phonon state built on thg Gstate, so the 3
of & and the measured value within one standard deviation.» 27 transition is forbidden. The smaB(E2) value sup-
The present results indicate a substarial content of the  ports this interpretation.
3, —2; transition. This is in agreement with the total elec-  In summary, the transitional nucled§?Sm was studied.
tron conversion coefficient for the 148 ke\; 3-2; transi-  The extraordinarily high-energy precision and resolution of
tion, a=0.577(11)[8]. the GAMS4 spectrometer at the ILL in Grenoble were used
The predominanE2 character is also suggested by theo-to obtain the lifetime of the 3 state at 1234 keV ift°’Sm,
retical studies in the framework of the interacting bosonin the range 0.4 7<1.1 ps with the GRID technique as-
model. In general, there are only sm&8(M1) strengths suming extreme feeding assumptions. With feeding cali-
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brated by comparison to known lifetimes of other levels athose within the yrast and yrare sequences and considerably
best valuer=1.1(2) ps is obtained. This is nearly an order greater than the lower limit from Rdf8], removes, to a large

of magnitude faster decay than the earlier limit. Linear po-extent, a potentially serious difficulty withny plausible in-
larization measurements at Yale give a mixing ratio®f terpretation of °Sm and gives aB(E2;3] —23) value
=1.0+0.6 for the 3 —2; state, indicating a substantial compatible with our current understanding of this pivotal
E2 content. The present results show that #82 part nycleus.

of the 3] — 23 transition is indeed collective. For example,
using 6=1, the lifetime measurement gives WE23]J_r Work SUppOFtEd under U.S. DOE Grant Nos. DE-FGO02-

—27) value of 221400 W.u. Thus, the result that this 91ER-40609 and DE-FG02-88ER-40417 and by the DFG
transition is most probably collective, even comparable td>rant No. Pi393/1.
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