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Abstract, - Using the recoil-disiance technique in the -

resction, mean lives of (19,6 + 3.0} ps for the 7727,

and (32.8 * 2.0) ps for the 9727, 4011 -keV state 1n 5‘cx have Yeen

measured, The strength of the M2 decay {rom the 3113 xeV leval

a2ppears to be the strongest among known M2 transiticna in 2s-04 nu i

An upper limit of 0.8 s [or the feeding time in the {usion-evaparat:or,
27,12 T

reaction Al( C, pn)3 Ar was estimated from an attenuated Nuapple=

shift measurement.

Répumé. - Des vies moyennes de {19, 6 + 3,0) ps et (32,8 » 1. 0 pn

pour les états 7/27 4 3103 keV et 9727 a 4911 keV dans ° 61 ont

6té mesurées par la méthode du parcours ¢e recul dane la réa. i
7{I(IZC,Zp]37CL Parmi les transitions A2 connues dans les

noyaux de la couche 2s-1d, celle 1ssue du niveav a 2103 keV dans L R

apparait comme €étant la pius intense. Une mesure ce dGéplacemui’

Doppler at:énué a permis d’ évaluer une limite supérieure de O, = ¢

pour le temps de peuplement dans la réaction de fusion-évaparaiia:

3 -
"71\! (‘ ZC,pn)3 ‘Ar,


http://inter.se

v search for T 2 states in oo

1. Introduction. - . wWass s-a

¢s arc currentls

auctei and a study of their cledtromagnetic propert

underway in this laboratory _ 1 | . Inthe cases where spin, litetioe

wcll established, it appears &

branching and mixing ratios a
the v-decays of these states to the 1 = 3’2 ground stales proccen
via mn.xed MZ-E3J transitions and that the partial M2 lifetimes arc

lwavs retarded compored to the Single-particle estimates = 2

In this paper we rod ! MImcan in

Ior which only

ment of the lifetime of the 3103 kb

lower iimit of 10 ps was known 3 ne the preser

B

was periormed, T} wunt for th

as wel. as the hranching and mixing ratios for tts pround state

e . - 1
transition, have been determined in the past 3 |, so tha the
lifetime value directly leads to the r agnctic quadrupole and electr:

octupole ground-state transition strenuths,

rescbon was choser

A heavy-ion induced compound-nucle

. . 3T L .
for populating the Ci states, .nvolve warge anuadar

transfer resuiti

mormant trong poouiaticr o ik

wiich are of interest here. Furthermore. such reactions vieid large

ci5. Conseguen

and forward directed velocities for tlhe reactic

DM Hetime mearuramet

only singles y-ray spectra are needed for the
The bombardment of °7A1 by 31 MeV | °C ions produced the * €.

states via the 2p exit channel. :it thalt bombarding encrey otaer ex i

" . L34 3t VT
channels were alse open and lifetimes for states in = 5. "1 and Nr
were obtained as by-.products,

12
2. Experimental procedure and analysis. - A 50 nA beans of Daone

{from the M.P. Tandem Van de Graaif accelerator was usec lo

were detected in a

bombard the aluminium targets. Gamma-:

3~ : .
84 cm” Ge(Li) detector. The detector system had an intrinsic
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< kel far 1,33 MeV v-ravs.

A singles =pectrum recorded at 3] MeV bombarding erergy,
where the vield for the 3103 keV line was found to be maximum, is

shown .L. A target evaporated onto a thick lead Lacking was used

and the Gei Li) counter was placed at an angle of 55° to the beam

direction. Most of the rumerous lines present in this spectrum could
. A . . .34 35 36 17

be identified and attributed 0 transitions in = S, Cl, Cl1, Ci

a7

2.1, Recoil-distance lifetime measurements. - The expevimental
set-up for the lifetime measurements is identical to that described

>
self supporting stretched target was used,

sulficien: to siop the recoil ions was stretched
in the same manner &s the target arnd used for the stopper. The beam

was stopped in a thick tantalum Ioil mour ted behind the stopper foil.

TLe y-rays were observed for various plunger distances with the
- - o
Ge'Li) Zetector placed 7 cm from the target and at 0 to the beam

cirection.

Thre average axial veloacity of the recoiling ions was determined
irom the energy differences between the stopped 1—:° and shifred Es
peaks., The corresponding areas, [o and 15, were obtained with a
least-squares fitting program using Gaussian line shapes superimposed
on a background fitted to a polynomial series. The experimental

ratios R = Io‘/“o + [s) ot the unshifved peak area to the total area,

were then calculated at each plunger distance, For cases where the
shifted peaks were obscured by cantaminants in the y-spectra, the
intensities lo were normalized tc the intensity of the stopped peak

of the 1611 keV y-rays deexciting the long-lived > Ar 1611 keV state,

cerrected for its own decay & = 6.38 +0.15ns8 | 35 ] .

The lifetirmne values weve obtained by camparing the
experimental values of the ratio R to tie values calculated for a

level which is fed koth directly from the reaction and by y-ray
.



of I % keV for 1,33 MeV v-ravs.

A singles =pectrum recorded at 3] MeV bombardirg erergy.

where the vield for the 3103 keV line was found to be maximum, is

target evaporated onto a thick lead vacking was used

and the Gei Li) counter was placed at an angle of 55 to the beam

direction. Most of the rumerous lines present in this spectrum could

. = . <
atiributed o transitions in 3tS. 33(:1, 3°C1. !

2.1, Recoil-distance lifetime measurements. - The expevimental

set-up for the liictime measurements is identical to that described
B

i rei.d. A 100 ug.em

PO
A T mg em” zold fuil, sufficien: to stop the recoil ions was stretched

self supporting stretched target was used.

in the same manner s the target arnd used for the stopper. The beam
was stopped in a thick tantalum foil mourted behind the stopper foil.

Thke y-rays were abserved

T various plunger distances with the

cq s o
Ge'Li) Zetector placed 7 cm from the target and at 07 to the beam

cirectior,

The average axial velocity of the recoiiing ions was determined

irom the energy differences between the stopped E0 and shifred Es
peaks. The corresponding areas, [o and Is' were obtained with a
least-squares fitting program using Gadssian line shapes scoerimposed
on a background fitted to a polynomial series. The experimental

ratios R = Io/‘(lo + [5) o1 the unshilced peak area to the total area,

were then calculated at each plunger distance, For cases where the
shifted peaks were obscured by contaminants in the y-spectra, the
intensities [o were normalized tc the intensity of the stopped peak

of the 1611 keV y-rays deexciting the long-lived 37/\_r 1611 keV state,

crrrected for its own decay & = 6.38 +0.15ns Ms ] .

The lifetirne values weve obtained by comparing the
experimental values of the ratio R to tie values calculated for a

level which is fed toth directly from the reaction and by y-ray
.



cascades from hipher tving levels. [n this calculativn the small Al

feeding -time (see Sec.}.} } was neglected.

The direct and cascade population fraciions were taken from
. 2c0 . .
the y-ray spectrum recorded at 55 . Co: rections due w0 y-ray detection
efficiency and to the motion of the recoiling nucle: were fourd to be

ne gligible compared 0 th2 statistical errors.

2.2. Doppler shift attenvation measuremeni. - By bombarding ihe
tarpet evaporated on the thick iead backing, y-ray singles spectra

a
were measurec at the angles of 0, 55% and 90°. From there a

for the attenuation factor ¥ = 0,29 -~ D.D1 was decuced for the

598 keV y-ray transition decaying the 7071 keV level in 37ar. The

error on the attenuation f2 ‘for arises mainly from the preserce cf

the 600 keV y-ray lire produced by neutron inelastic scattering on

3. Results. - The values of the mean-lives obtained ir the prescnt
work are listed in table 1 where they are compared to previous

™measurements.

3.1, The 5689 keV level in >S. - Using a mean recoil velocity of
1.91 % the lifetime value far the 5689 keV level was determined by
analysing three yv-ray trangiticns, namely the 5689 —> 4622 keV,
the 4688 — 2127 keV and the 3304 —> 0 keV transiticns.

This conld be done because the lifetime of the lower states are much
shorter than | pa ‘r_ 3 ] . Since the shifted peak for the 1067 keV y-ray
transition was much broader than the stopped jeak the lifetime

value was also calculated using the line shape of the shifted peak in
the manncr described by McDonald et al. | 12 ] . The two values
differed by 2.4 % , The analysis of the three transitions using a

mean value for the recoil velocity yield an average value of

G =52.9+2.4ps, where the error takes into account the difference

obtained for the two different treatinents of the 1 067-keV y-decay curve.



h the value obtained by the

2
.2. The 750 keV level in ~ - Two strong y-rays irom the deca,

3¢ levels were observed in the spectea taken at 55°, namely

the 1 730 keV and 789 keV y-ray transitions from the 2519 -—> 789 -—= 0 keV
cascade. Whereas a single value of 2.36 * 0,16 ns is rejorted for

the lifetime of the 2519 keV level, the two values reported for the
lifetime of the 789 keV level differ by a factor of ten | 3 | . In the
present F 2 analysis of the 789 keV level decay curve a best value

of 459, is obtained for the population fraction of this level through

the 2510 keV level whereas a value of 59 % is deduced from the photo-
peax inteas:iies in the 55° spectrum :aken at 31 MeV. This indicates
that another 1730 keV line, which coulé not be icentified, is uncderlying
the 2519 —— 789 keV y-ray transition. This is corroboraied by

thz normalized 1730 keV stopped peak versus stopper distance curve

which does rct display a simple exponertial decay. So by using the

value of 7 for the cascade populatior and the value of

'Cl_zulg) =2.36-0.t6ns, a value of 32.3 + 2.5 ps is obtained for

the lifetime of the 789 keV level,

3.3. The 7071 keV level in - Ar. - A lifetime value of T

2y !

a,my) reaction r !,
27 12 37
In the present " Al{ “C, pny)” 'Ar reaction no known higher lying

=0.5540.12 ps
has been determined for this level in the H
levels could be identifi2c and therefore the measured attenuation

factor in the DSA measurement may be due to the lifetime of the P

7071 keV level and to the feeding tira Z‘r. i.e. the tin.. interv

betweer the reaction and the population of this state. A value of

0.34 - 0.20 ps for tize feeding time may be deduced from the atternua-

“ion factor ¥ using the two-component decay chain formula

F o= (":':_F‘[ - tipi)'l\’tz'-\'/l)' Py using this formula, one asBumes
that the feeding of the 707! keV level may be approximated by an
exponential decay., Furthermore, it should be remembered that

large uncertainties remain in lifetime determination by the DSA
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31 i
RDM B a py! reaction U 6]

3,2, The 780 keV level in ~ - Two strong y-rays irom the deca,

2
.3y

a Cl levels were observed 1r the spectra taken at 550, namely

the 1730 keV and 789 keV y-ray transitions from the 2519 -—> 789 -—= 0 keV

cascade., Whereas a single value of 2.%6 * 0,16 ns is rejorted for
the lifetime of the 2519 keV level, the two values reported for the
lifetime of the 789 keV level differ by a factor of ten | 3 | . In the
present T 2 analysis of the 789 keV level decay curve a best value
of 459 is obtained for the population fraction of this level through
the 251¢ keV level wherezs a value of 59 %

peax inteas:iies in the 559 spectrum :aken at 31 MeV. This indicates

tne 2519 — 789 keV y-ray transition. This is corroboraied by
thz normalized 1730 keV stopped peak versus stopper distance curve
which does r.ct display a simple exponertial decay. So by using the

value of $3% for the cascade populatior and the value of

T12:19) = 2,36 = 0.16 ns, a value of 32.3 + 2.5 ps is obtained for

the lifetime of the 789 keV level.

3.3. The 7071 keV level in > Ar. - A lifetime value of T, = 0.5540.12 ps

3
has been determined for this level in the qhS(m,lp,\/) reaction [‘ 11 1 .

In the present 27Al {l 2C, pny)37Ar reaction no known higher lying
levels could be identifi2¢ and therefore the measured attenuation
factor in the DSA measurement may be due to the lifetime of the

7071 keV level and to the feeding tira Z‘r, i.e. the tin. intery
betweer. the reaction and the population of this state. A value of

0.34 = 0,20 ps for tie feeding time may be deduced from the attenua-
<ion factor ¥ using the two-component decay chain formula

F i)':\’t"-ﬁ'/l ). By using this formula, one assumes

that the feeding of the 707! keV level may be approximated by an

exponential decay., Furthermore, it should be remembered that

large uncertainties remain in lifetime determination by the DSA

" is deduced from the pholo-

< another 1730 ke\” line, which coulé rnot be icentified, is underlying



method. Therefore cniv an upper lunit of T < . ps

irom the present analysis.

ime va,uns

been determined uging oth the total area of the 223 koY v-ray transt-
tion and the external normalisation. No difierence within the statisti-
cal errors was observed between bhoth values.

37

3.5. The 3103 keV and 011 keV levels in ~ 'Cl. - Both the

4011 —> 3103 keV and 4011 — > 0 keV y-ray transitions hav
been analysed (see fia.2) and yield a mean value of 32.% 4 ° = ps for

the lifetime of the 4011 k:V Jevel. This value has been usee inthre

analysis of the decay of the 3! kel leve!, since «G

4011 keV state,

of this latter waa found o proceed via

presen: lifetime value, & = 19.& = 3.0 ps, is in strong disap

b

) 33 R
with a recent RDM resuit in the S {a, pv} reaction 10

1 Jess precise value obtained by direct timing asing a pulsed Leem

4. Discussion. Transition €.rengths in :7Cl deduced from the
present lifetime measurements are reported in table 1.

The strengih of the M2 decay from the 3103 keV level
appears to be the strongest among the known M2 transitions in 2s-1d
nuclei, In fact the transition rate is close to the single-part:cle
estimate. Several shell model descriptions for the first 7,727 state
have been used to predict the transition rate and the deduced valnes
range {rom 0.2 to 5 W.u ‘__13] . The great rmajority of Mo ransitions
in nuclei with A > 30 s severvly irhibitxd ard this mmbition kas neen

Ral

: discussed by Kurath and Lawson [ 14] . They showed in particul
M2 transitions in the cl3 s5 = fn ., Tegion will bu inhibited in the frem.

: 7
of the strong - coupiing model. In this modei the intrinsic wxcrtud atzate

is formed by raising & particle irom one of the orbitals k_ or.zinating




from the d; , shell to an orbital k( ariginating from ti:2 f7 /2
rath and Lawson computed the alues of the hindrance factor for the

shell Ku-

7 2»13 2" M2 transitions according to the diffsrent ( ky o kg dsets
involved The smallest factor (~ 2 ) was found for ky= 3/2 and k.= 772,
and these are indeed the Nilsson orbitals which would be involved 1n the
M2 transitiorn of W’:,l if th:. nucicus had an oblate deformation.

Large and identical strergths for the E3 iransitiors arisiag
Zrom the 3105 and 4011 kev levels are observed. This raay reflect the
sresence of a 3 core excitation in the wave functions of the 772  and

% 27 states.



from the d; . shell to an orbital k( originating from tise 0‘7/2 shell Ku-
rath and Lawson computed the -alues of the hindrance factor for the

T 2—=»3 ?_‘ M2 transitions according to the different ( kd R ki )sets
involved The smallest factor (~ 2 ) was found for kdz 3/2 and kf: v/2,
and these are indeed the Nilsson orbitals which would be involved 1n the

37 . .
M2 transition of C.if th:. nucieus had an oblate deformation.

Large anc identical strergths for the E3 transitiors arising
Irom the 3103 and 4011 kev levels are observed. This rnay reflect the
presence of a 3 core excitation in the wave functions of the 7/2° and

% 37 states.
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TABLE |

Sy nmary of recoil distance lifelime measurements

Nucleus Levei ‘ns) et
(keV}) others
g 5639 52.9 £ 2.4 54 &5 o
in
ci 789 32.3+2.5 3.0 0.8 3
> 5 7
30 +1 8
a1 103 19.6+3.0 16 +52 9
48 15 1o
4011 32,8+42.0 31 =3 1o
17 .
Ar 6473 9 -2 632 0.5 ¥

a) Direct timing measurement using a pulsed beam.




TARLE 1T

L Y
Transitions strengths in °'Cl

. s Transition strength (W.u.) 2)
— J
k2 3 Al N
[ZE AN Ve i 12,4 + 2.4 0.69 + 011
92" _ , 32" 12.2 + 0.8
o2, 12" L3200 (5.9 + 0.4)xt07*

a) Branching and mixing ratios are from ref. 10.
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TARLE 1T

P T
Transitions strengths in l

" - Transition strength (W.u.)
J — J
i f
53 3 At N2
7/2 NETE 12,4 + 2.4 0.69 + 011
9/2” _ , 32" 12.2 + 0.8

(5.9 + 0.4)xt0™

a) Eranching and mixing

ratios are from ref. 10,
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