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LIFETTMES OF GROUND-BAND STATES In »'0»150,152 %
." . ‘ 1 . . ) #
R. M. Diamond, F. 5. Stephens, K. Nakai,f and R. Nordhagen
Lawrence Radiation Labdratory

~ University of. California
Berkeley, California 94720

'November'1969
" ABSTRACT

The lifetimes of a number of ground-band states in lh8’150’1528m

-have been measured by the recoil-distance Doppler-shift method following Coulomb-

-.excitation by back-scattered hOAr projectiles. The measured B(E2)- Values

152

for Sm.are larger than the rigid-rotor values; in terms of the mixing or

“stretching parameter, O, the present experiments yield o = (+2.L * 0.7) x 1073,

r'lh8,150

'Eo Sm the measured B(E2) values are near those expected for vibrational

nucled.

The stable samarium isofopes are well suited for the testing bf'current
" nuclear médels and idéas; as tﬁey épén the region'fromvvibratOrs to rotors? and
include soft nuciei as weil as rigid ones. Much of the information on tﬁé'hature
v‘ Qf the ground;baﬁd has "come from studies of the energy-level épacinés. The
lifetimes, orb B(E2) values, of the excited states‘in the ground baﬁd'constitute
another source‘ﬁf information on the changes occuring in these levels as fhe spin_
increases.

The recoil-distance Doppler-shift method,l when combined with high resol-
s ution Ge detectofs and heavy-ion beams, seems ideal for déterminiﬁg half-lives in
9 2,3

: - ~12 . . . s
the 10 - 10 t s range, However, an earlier study involving recoils from

(uo

Ar,hn) reactions indicated that the asccuracy obtained might be only barely

sufficient to-distinguish, for example, rigid rotors from soft rotors. . It

e

would clearly help to obtain spectra with better peak-to-background ratios and
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to achie&e largér,récoil velocities. Both.éf these éffects can be obtained

- by producing the recoiling nucieiAby means bf (multiple) Coulomb exéitation
with hOAr beaﬁs,'réthervthanbby compound-nucleus reactions. In the presenf \
-Study theJde;excitationvtransitions from Sm targéts were observed.by a Ge

detector set at 0° to the beam direction and operated in coincidence with the back-
. ‘ \

scattered OAr projectiles observed in a Si ring counter (142 - 161°). Thus, ‘

multiplevexcitafion‘of thé higher spin sfétes was maximized and 2 colliﬁated ‘
beam of Sm recoils was produced with a high velocity (3.5% ¢) along”the beam
i direction; These_nucieigwefe éto?ped by a lead—covered.élunger attééhed‘to1a
precision micrometér whose posifion:éould Ee adjusﬁed td * 0.002 mm. The.
£afgets Were"\:l'mg/cm2 metal foils of the‘sepérated isotoée stretched tightiy.
.over a holder assémbly. By'observétioﬂ with a micfoécope, they apﬁeared t¢ be
. flat and paréllél to the plﬁnger surface within * 0.01 mm.

As in the previous experiment,h the‘average recoil &eloéity‘céuld be

» dbtained from theffractional energy differeﬁce éf the Déppler-shifted:and:_

, ﬁnshifted lines after correcting for the effective finite sdlid angle of the'.
:”detector, Sincé_all targets were nearly the same thickness, theybali'gave the same
'gverage recoil velocity, namely (3.45%0.04)7% that of light. Séme typical spectra

ror 152

Sm are shown in Fig. 1. We have integrated the areas under the'shiffed
and unshifted,feaks, and cOfrebted for the small change in soiid anéle of,the
' Ge counter for both‘shiftedvand unshifted transitions aue to the chéhgé in.
' position of the_iead plunéer. Sﬁall corrections also had to be made for the
differences invGe'detectorvefficiency and in effectivevsolid angle'for;the

shifted transitions with respecf to the unshifted ones due to the mbtion of

the recoiling nuclei. These two effects are opposite in sign and tend to
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éancel, but the létter«dominates and leads to a net reduction of 3-4% in
the intensities of the shifted transitions.

For 1528m the fraction of each transition which is unshifted is

plotted.in Fig. 2 vs. the distance ffom the térget. The solid lines are the
caléulatéd best fifs from a compﬁter program which allbws feeding froﬁ‘one state
'higher than the one whose half-life is being determined. The amounf of feeding
was -Obtained both from the deBoer-Winther multiple excitation program5 and
bfrom the experimental yield of the ﬁext higher transition; these agreed within
20%, and the lifetime does not depend very critically on thé value used. The
cglculatea fit aléd took into accopnt the angular distribution of |

- the gamma fays; the angulér distribuﬁion parameters; AK, were evaluated from
 the deBoer—Wintef program, agaiﬁ allowing for the céiculated feeding from
higher-lying levels. Fiﬁite—solid—angle corrections for the Ge coﬁnter were
"made from the tables of Biack and Gruhle;6 These angular diétfibution results

- also had to be corrected for fhe attenuation caused by the interaction of the

nuclear magnetic moment with the large hyperfine field arising from the

unpaired electrons of the ionized product nucleus recoiling in
, vacuum.7_9 The magnitude of this effect was determined from a comparison of
152

the angular distribﬁtions obtained from a thin self-supporting Sm target
~and a lead-backed one (yiélding an unattenuated distribution).

Ianable'l, we hafe listed the transitions studied, their energies in
keV, the measured half-lives, valués'for the totél conversion coefficients as
interpolatéd from Hager and Séltzer,lo and the values of B(E2; I > 1I-2)

~derived from the last two quantities. We believe that the systematic and

“instrumental errors in these measurements are small. The largest source of
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error, especialiy for the higher—lying transitiéné, is the statisticalv
uncefﬁainty in the peak integrations. In only one case, the ﬁ+ > 2+ ﬁransif.
tion in lh8Sm, aid we observe~inferferen¢é frém another line iﬁ'the épectfum.'
In this case the 3- - 2+ transition hés an enérgy only 19 keV less thaﬁ that

of the h+_+ é+vone, and.so.thevshiffed El line‘coincides with the unshifted
'Z h+ > 2+ compoﬁént?'contributing a tail of v il% fo the.latter. Thisvhas_béeh‘
fgsubtracted, but nécéssarily thére.is a.greafer unéeftainty ip‘this‘particular

;  résult. | | |

. - The .B(ﬁQ)T values*detefmined in fﬁié wofk are ébmpaféd in Table 1
'%ith.valués caléulated fof the rigid rotor; thé ﬁarmonic oscillatof,vaﬁd:the
.centfifugal strétching model of Daﬁydov and bvcharenkb,ll all normaiized téithe
e#périmental B(E2; 2 > 0). For.l52Sm the 2+ » O+ tfénsitioﬁ was not. measured;
the value listed in the Table is‘the.weighted a?erage of a number of literature
values. It can be seen that more quantitative conclusions can be drawn'frdm
these measuremehfs than. from the ﬁrevious experiments.

The 152

Sm nucleus which has energies somewhat similar to the previqusly
 studied l60Er’, has three new B(E2) valuesbdetermined; it'can be seen fﬁat‘each
is about two.standard _deviations larger than that expected for a_rigia
rotor. The remarkable fit to the values calculated by Davydovvand“OQCharénkd
:for p=0.3 and vy = 10° 1is probably sémewhat fortuitous, as the values of U
~obtained from the ratios of’tﬁe ground—band transition enefgiés in 152Sm are

not constant but range from 0.40 - 0.28, indicating deviations from that model.

If we consider the increase in the B(E2) +to be of the form

B(E2;I+I-2) = BG(E2;IfI—2){l + % [1(I+1)+(I-2)(1—1)J}2 ;-
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where BO(E2) is the rigid-rotor value, the ratio of any two measured B(E2)
values and the square of the corresponding Clebsch-Gordan coefficients yield

a determination of the mixing or stretching parameter, ®. The present work

gives o = (+2:4 £ 0.7) x 10—3. This value for a can be related to ‘the

increase in deformation with spin (stretching) according to:

DB
—= & o I(I+1)
R v
: AB S : S o :
- The value of _E— obtained from the present work is in reasonable agreement

)

12,13 and U-mesic atomLL measurements.

with those obtained from Mossbauer
‘Although it is not clear that these experiments are determining exactly the -

seme quantity, this agreement lends considerable.support tc the concept that B

15QSm. We can try to relate this increase in

.1s increasing with spin. in
. . ‘ i . ‘ »
deformation with spin to the mixing of the beta-vibrational and ground-state

1528m and to deviations from the I(I+1) rule in the ground-band

15,16

bands in
-energies. However, the E2 branching ratios from the betaébaca states.

to the'ground'band are not eﬁtirely consistent with such'an interpretetion,

.hcr are the ground-band energies; Thus we can only say thaf the range of Velueg
for the increase in deformation predicted from both of fhese sources'overleps
thet obtained from the present measurements. In view of the above internal
inconsistencies, the significance of the agreement is not very clear;'however,
it probably suppcrts the interpretetion that centrifugal stretchicgvie cne of
two or more important processes occurring with increasing spin. This'tgpic is
treated in greater detail in another paper involving multiple Cculombfexcitation

studies of lS2Sm.17

' i L o L :
The B(E2) wvalues for * 8’lSOSm indicate nearly harmonic oscillator

behavior as is already suggested by their energy-level spacings. The magnitude

A
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150 2 k :
2 Sm, (1.41 * 0.05)e” x 10 ~cm , agrees reasonsbly

of the ‘B(Eé; 0 4-2) for
well with other recent values 1.4 * 0.15 (Ref. 18) and 1.29 * 0.07 (Ref. 19)
although we find a somewhat larger Valué, O.98 t Of06, forvfhe B(E2; h_;vg)'
than do the latter workers, 0.82 + 0.10. Our value for B(E2; 0 + 2) for
lu88m, (0.79 % 0:05)82 X 10—h8cm ,.is in agreement with two other values;
"namely 0.79 * 0.08 (Ref. 18) and 0.753 + 0.007 (Ref. 20), but in disagreement
with a third, 0.65 s 0.05 (Ref. 19). | - |
Thé preseﬁt measureménts ghow that épplicatioh of thé reéoil—disténce

'Dopplér—shift'péthéd.to nuclei recoiling from heavy—ioh Coulémb exéitation_
can give lifefimes of quasi—rotational'ground-band levels With enough
précision to'differentiate‘among nucléar models for this_band; This methéd
compares very favorably ﬁith the conventional heavy»ion multiple Coulomb-
excifation method based on yield measﬁreﬁents and, moét importantly, ié sﬁb—
ject_to-fewervuncertaiﬁties. In the iaftef case, a désired B(E2) value =
(lifetime) may be significantly affected by: 1) other B(E2) values !in’ the.
band, 2) higher multipole moments of the nucleus,\S) static moments, and E)
‘the excitation of other coupled states or bandé. In mény Couldmb—e%citation
yield experimenté gufficient information isrnot évailable to make éll these
' corrections ﬁﬁambigéusly. With the present mefhod, none of these affeét the
'rééult, apart from a small correction (which may be empirically made)_due;td
- feeding from higher states.
The éuthors would'iike to £hank Mr. T. Gee for preparing thé:targets_

" and Mr. D. Lebeck for help with the computer program.

[ : S S



~7- v - o YCRL-19517

REFERENCES

* ' . S . _
Work performed under the auspices of the U.S5. Atomic Energy Commission.

1~On leave from Osaka University, Osaka, Japan.

Present address: University of Oslo,:Oslo, Norway.v

1.

10.

11.

S. Devons, G. Manning, and D. St. P. Bunbury, Proc. Phys. Soc. (London)
N |

A68, 18 (1955).

I. F. Wright, Bull. Am. Phys. Soc. 6, 285 (1961).

T. K. Alexander and K. W. Allen, Can. J. Phys. 43, 1563 (1965). -

. R. M. Diambnd, F. 5. Stephens, W. H. Kélly, aﬁd D. Ward, Phys. Rev.

Letters 22, 546 (1969).
A. Winther and J. deBoer, California Instituﬁe of Technology Report,
November 18, 1965.

J. L. Black end W. Gruhle, Nucl. Instr. and Methods L6, 213 (1967).

. D. Ashery, N. thcall, G. Goldring, A. Sprinzak, and Y. Wolfson, Nucl.

Phys. A101, 51 (1967).

I. Ben Zvi, P. Gilad, M. Goldﬁerg, G. Goldring, Al Schwarzschild; A.
Sprinzak, and Z: Vager; Nucl. Phys. A121, 592 (1968).

R. Nordhagen, G. Goldring, R. M. Diamond, K. Nakai, and F. S. Stephens,
Nucl. Phys. (to be published).

R. S. Hager.and E.‘C; Seltzer, California Institute of Technology Repdrt

CALT-63-60, June, 1967.

A. 8. Davydov and V. I. Ovcharenko, Yadern. Fiz. 3, 1011 (1966) [translation:

Soviet J._Nﬁcl. Phys. 3, Th40 (1966)].



i2.

13.

S 1h,

16.

17,
18.

" 19.

20.

R ' '~ UCRL-19517

D, Yeboah,-Aﬁankwah, L. Grodzins, and R. B. Frankel, Phys. Rev. Letters
ié} 791 (1967); L.'Grodzins, International Sympésium on Nuclear Structure,
Dubna, USSR (1968). '

?:5Steiher, E.'Gérdan, P. Kiénle, and H. J. Korner, Phys. Letters g&§3
515 (1967); P. Kienle, W. Henning, G. Raindl; H. J. Karner, H. Schaller,
and F. Wégner, J.'Phys. Soc. Japan Suppl. 24, 207 (1968).

S. Bernow, S.—Dé&ons; I.”Duerdotﬂ, D. Hitlin, S. W. Kgst,‘E; R. Macagno,
J. Rainwater; K. Runge, . and C..S; Wn, Ph&s. Rev. Letters.;§9 787 (1967).
A. S. Davydov and A. A. chaban, Nuel. Phys. 20, 499 (1960). .

R.'M. DiamOnd, F.‘S. Stephens, and W. S. Swiatecki, Phys. Letfers ;l)}
315 (196L). »’ | |

F. §. Stephens, D. Ward, R. M. Diamond, J. deBoer,'and R. Coveallo-Moro, -

Nucl. Phys. (to be published). .

~J. J. Simpson, D. Eccleshall, M. J. L. Yates, and N. J. Freeman, Nucl.

Phys. AQL, 177 (1967).
E. Veje, B. Elbek, B. Herskind, and M. C..Olesen, Nucl. Phys. A109, 489 (1968).
H. S. Geftzmén, D. Cline, H. R. Gove, P. M. S. Lesser, and J. J. Swartz,

Bull. Am. Phys. Soc. 13, 1k71 (1968).



—

-9~ | o " UCRL-19517

. FIGURE CAPTIONS .
152

Fig. 1. Spéétra from Sm*CoulomB excited with back-scattered hOAr
projectiles. The lead plﬁnger is set at,the indicated.distandes from the
target. The positions ofrthe unshifted_(shiftéd) lines are given at the -
top (bottom) of the figure. | |
. s

Fig. 2. . The fraction of each transition in ESm which is unshifted in energy
vs. the distance between target and plunger. The symbols are the experi-

mental points; the lines are the calculated best fits allowing for one:

stage of feeding.
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Table 1 -
Energy T, o . B(E2;I+I-2) in (éQXlO—u8¢mh) :
Nucleus Transition  (keV) (o) O T : e
' LS experimental  rotor - - vib. D-C~.
152 | N b , asy
Sm 2+0 121.8 . 0.686%0.01L°  (0.686) (0.686)  (0.686)
b2 2kk.6  57.3*1.8 0.112  1.009+0.033 0.981 i,37é 1.036
6 > 4 340.2 9.9£0.5 - 0.038 1.20 $0.06 - 1.078 2y058 1.221
86 418.7 3.0t0.3  0.021 1.4k *0.1Lk - 1.133 2.7hk 1.&06
1506 2+ 0 334.0  46.8+1.6 0.0k2 0.278t0.010°  (0.278) (0.278) . |
. . o
b2 S L39.4  6.3t0.4 0.019 . 0.54 0.0k 0.398 0.556 '
_lhBSm,' 2+0 551 7.1#2.4  0.010 0.156%0.010 (0.156)  (0.156)
a2 630 1.8£0.5  0.0072 0.31 *0.08 0.223 = 0.312

aCalcula.te«.i as OLK + o(L + 1.330LM from the tables of Héger and Seltzer, Ref. 10.

'bWeighted‘aVerage of literature values.

_ CThese value\s have been taken from the calculations. of Davydov and Ovcharenko, Ref. 11, for

W =0.3, Y= 10° See text.

LTS6T~-ToN
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