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Abstract - Fhe recol] - fistance methord has Leer used in conpur t

winp mear

ton tegs tions

with heavy

K T (2020 e asand 00t 2 0 ns tor the ARse¥ 22T g
- L .
Tah-keV = 2 states :n V, oand T 14 - 22 ps for the Fahove

state
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STROGDUOTTRN

Evidence for deformation vl the vven-vvern wie o the mare

of the 1f_ _ sheli already exists. The sneruy of the Nirst 2 tetes

decreases frem the nuclei with dously closed shells towards the o

of the shell and the strenuth of the corresponding E2, 20 —

s 1 .
apsition increases | Less informating is avalable fne the v

tr.

nuclei. Ameng them, Fepresents .« very ptesliar Lase !

it is the only nucleus in this repion knowrn to have a pround state

with spir and parity 3 27, This feature is not reproduced by simple

(1, ! caleu’ations, whatever two-body matrix clements are ~sec

Recently spin assignments, branching nos, multipole mixing rating

and lifetimes for Jow-lyini levels of 'V have becone available

. 2.9 47 40
through the studies of the "Tt'p,ny and Cn B,alpy s reactions.

fatimues of the two {irst rxe

in the present work, the 4 siates of

P, 2

are measured w the recail-distance technique n the

reaction. In addition, a precise value for the lifeuume of the first
T 1 ra .
T:, populated via the P F.nlpi reaction :s

excited state

obtained.

II. EXPERIMENTAL ARRANG

Lifetimes were measured with a plunger apparatus simijar ta

5)

the one described cisewhere ~'. The target consisted of 2 250 ug om

3
thick layer of Zn,P, evsporated onto a | mg cm® thick Ay foil,

2
A thicker circular Au foil, of 5,2 cm diameter, was used to stop
t
the recoiling nuclei, A 47-MeV qF-beam from the MP tandem Van
de Graaff was used to populate the levels of interest. The y-ray spectra

: 3 PN o . :
were measured with a 3 cm” GeiLi) detector at 0" with respect to the beam.

Under actual running conditions, the resolution width of the Ge{Li}

detector was | keV for a 88-keV y-ray line.



Since in the present experiment the recoil mistarces i) vere not

always neglipeable compared to the target vivtecior distanc:, the

variation of the solid angle had to be takern ity accournt, The photope.srs

efficiency of the counter vers:s distany e

determined by gsiag the Sb.keV yoray uf
outlined by Goosman and Kavanaygh ’, the numbers of (nunts versus

e . -ur
rwere fitted by a fuaction Ae s

Y berng o constant, A value

-1 .
ol x : 0,220+ U, 011 em  was obtained from this |

Th0-keV tri

The v-ray data for ¢

in the left half of Fig.! for three targe: slopper distances [V
K 4 P

d being the reading of the micrometer Whick positiors the stopper
and do the reading for zero target-stopper distan:i ¢, The peak arcas
!o and Is for the unshifted and shifted lines wuere extracied (rom these
spectra by subtracting an exponential beckueround. The area of the

: enerpy devendance of

shifted component has 10 be correcter!

the Ge(Li) dctector cificiency and for the large so angle due to the

ruclei’s motion. The two effects, whi { oppesite sign, cance!l
to within ! % in the present experiment wiere a mean recoii .elocity
v = 0,0268 c is determined from the difference in centroid enerpies

of the two components. A small backgrounc in the unshifted componert
is cbserved at large D distances, 1i this backpround 1s due to

cascade feeding from a long-lived level or from radicactivity on the
stopper, the area In may be expressed as :

£ -Dvolavey  Pal o

wherc € is the mean-life of the level under study and N a normalisation
constant for each value of D, In the present experiment, -amparable vields
for the n2p and p2n evaporation precesses were observed. Since only
0.1% of the B-decay ) of 17V is feeding the 160} eV level in * /T3,

this may not be the main process producing the background. If it is



supposed that background is rfue ta the Tion trarroa Lt

whose :if¢time is short compared to the transit Lirme o8 tne Lo

. . . Do .
in the target material, the quantity Ge inFa. 1 oras to e

by a constant, The peak arca [ is given Ly Hg o 2
. 3

| - vzl cxve
s

and the sum of both peaks =S o o

M owmloave 3 3 )

r .
I*I:N{_l.x\'ce -

The experimental ratios of the uns

area were f{itted with the following formule :

D vt exve ME
LAl +1) e —= },,,‘C‘.* ——
o o El ) __“.r;e-'_')v‘:_-.-;-.r. 1 (avs e

d,=d-D, T and C being the free parameters. The solid urve i-

the right haif of Fig.! corresponding to T = 314 ¢ 22 pioc

represents the best it for the 1 60-keV level in 7 'Ti. Tius iof
valuve is in agreement with the values T = 320 + 100 ps and

P
T =294 + 24 ps obtained by direct timing >’ '

A 7.
ransitian in Vonas

Only the unshiited peak for 1-4Hh — 3R keV y
analysed, due to the presence of another strong line in the y-spectrun:
near the shifted peak. For each plunger setting, the area of the
unshifted peak was normalised by the constant N which was cecduced

Dok

47 . :
from the " 'Ti data and Eq. 13}, The normalised areas were !

the following formula :

S(D/v G ) e Dx i
[ =K['e(,D,\r.1)\ a.-c‘|AC . i
o - i -
where K is a normalisation constant independant o D. The value found
for 4 by fitting the 47Ti data was taken as a constant and only three
v
free parameters were left : K , G | and Cl . The de~ay curve for the

58 keV y-tran.ition is shown in Fig.2. T’ e fis to the data yields a

value of G 1 630 + 130 psec.
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The X-ray peaks from a Pbampurnity were ohserved in the 4 -spectiva,

The K(3)- line is clearly seen in the left side of Fip, 3 which displays
the y--ay data for the RE.keV transition in '”\’ fn- three plunger
distances D, The puak in the middlc of the ypecira is composed of
both the unshifted 8K-keV 4 -ray and the K(,ﬂzl-]me irom Ph. Therafore

only the shifted component Is was analvsed, The feeding of the 8K.keV

ievel was almost compliciely due to the ™ ReV y-trensition, Only o

few percent of the feeding urose from the 239-keV level whose mean-life

Gon, the ncrmilged tutensit o5

is 90 psec. Iynoring this smal?  .nir
Xs were fitted by the foilewing formuia ¢

r SID/vGy Ml av, i
e :

T =K' {35 T- HERS P
s 1= - .
" DovparleavTy e, (

Lomdere Y level

where the index ! and 2 refer tn the 17 -ert
respectively, £ :rst fit with K', T, and T, as {rire parameters,
yielded values of ‘L’l = oA psec and T, l.2:nsec, A second Dit
with unly K' and T, as iree pararneters yielded a value of

'C‘ =1.23 +0.16nsec.

The errors on the hijetimes include possible errors due o
de-orientation effects., These additional errors, whose maximum

values ranged from 2% 1o 59, were cvaluated using Eq. (23

roin Ref. 10. The parameters '\K and Ay of this equatior wnere
1

1)

determ’ned in the same way as Brown 1 .

3. CONCLUSIONS

Mean-lives of T =1.23 1 0.16nsand T 2 0.43 +0.13 ns

for the 88-keV 5/2° and !46-keV 7/2 7 siates in 17\ are obtained in
the present work. It should be noted that the lifetime value for the
88-keV state ig in slight disagreement with an earlier upper limit

of | us obtained by the pulsed-beam technique in the ' Ti(p, ny) reaction

31
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present work. The dipole character o the 3 2 . . s
known from 4 conversion coefficient meastrement ERNCIN
2

£2 transition strength 15 obtained by using the ex

of 0.016 + 0.005 for the 146-keV level to pro.nd state -

M1 transition rate :s calculated asscming that e correspunaing BE20 £

5 -
2y R :
previvas wore that anerress the Vi | piotere

it has been shows in

{calculaiion A) faiis to reproduce the exctation energies vf the low lying

. N N b N
negative parity states, a dramatice] change oceurs when 170 ,2‘2p| , 2o, 14 \

configurations ivalculition B) 4re ulso allowed. The same trend is shser

for the calculated transition probabilities reported in table 1, Tt will be

discussed in a forthcoming paper devoted 1o . detazled shell maordel study
e G 1,
including Vana [

covering 1f_ | conjupate puirs,

reclaion to KL Freeman

The authors would like to express

for stimulating com-nents.
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Table | summarizes the reduced transition probantlities deduced from toe

present work. The dipole character af the 5 2 + 5 27 transition

. known from 4 conversion coefficient measirement C L Phe 7 2T . . o

E2 transition strength 1s obtained by using the experimental sranching rat s 2

of 0,016 + 0.005 for the 14b-keV level to grownd state devay, The 2 .3 27,
MI transition rate 15 calculated assuming thit e corresponding BoE2y L0 WL

2
2
It has heen shown in u previous work that wheress the |

>
{calculation A) faiis to reproduce the excitation energies of the low lying

. . . U
negative parity states, a dramaticsl change occurs when I:T ,szp! 2 Zpl 2 1,ﬁ o

configurations (calculation B) are also allowed. The seme trend is nhserved

for the calculated transition probabilities ! be

discussed in a forthcoming papér devoted o o detailed shell madel studs
N . . N L 2N e M
covering 1f_ , conjupale pairs, including Voann e .

The authors would like to express thewr cerman

for stimulating com-nents.
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Table 1,

. - . R TN
Experimental and theoretical transition probubilities in Vv,

J_‘ l{ Transitinn character Redus ed transiion probamlives _
Fxp. Calc. A Calc. B
5/2  » 3/2 Ml g,uZN) 0.07 1 0.01 0.0l 0.07
/2 > 5/ M1 ya;) 0.45 5 0.00 .02 D07
72 > 32 Ez (eftm?) HESNREFE 41 -&
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— ©.8. y-trensitign in Ti

Recoil-distance data for the 160-ke

The left portion of the figure displays 1 -spectra taken at three

different plunger distances Dimm), The right portion of
(I =1 )versus D, The solid cur.e
o Qo s

4. 1o the data,

is a semi-logarithmic plot of I
represents the best {it of Eq,
Decay curve for the 146-keV — K&-keV y-transition in V. The
solid curve represents the best fit of Eq. /5] to the data.
T c . Ve 47
Recoil-distance data for the BR-keV -» .5, y-trans.uonin Y,
The left portion of the figure displavs \-spectra taken at three
different plunger distances Dimrs), The X-ray lines are due to

15 a seaii-

a Ph contamirant. The right portion of the g

logarithmic plot of I versus D. The solid curve resresents the
s

best fit of Eq. {é) to the data,
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