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QUADRUPOLE MOMENTS OF THE FIRST EXCITED STATES IN 2ONe AND 22Néf
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Lawrence Radiation Laboratory
University of California

Berkeley, California 94720

December 1969

Abstract :
. . : ' . . 20 .22
Static quadrupole moments of the first excited states of "Ne and ~ Ne
have been measured using the reorientation effect in projectile excitation. The
Ne nuclei, accelerated by the Berkeley Hilac, were Coulomb excited by thinbﬁar-
120, 130 148 '

gets of Sn, "~ Te or Sm and the gamma-ray yields in coincidence with par-

ticles scattered at angles of 90° and 160° were evaluated using the deBoer-Winther

' +
Coulomb excitation program. The results obtained are Q(20Ne,2 ) = -0.24 £ 0.03 b,
B(E2,20Ne,0 +2 ) = 0.048 £ 0.007 e2b2, Q(22Ne,2+) = -0.21 * 0.0L b, and
B(E2, “2Ne,0"»2%) = 0.033 £ 0.006 “b°. ,

1. Introduction

The reorientation effect in projectile Coulomb excitation provides av

method for determining the quadrupole moment of the first excited state in a

number of nuclei. One of the most interesting nuclei to which this method can

be applied is 20Ne since it appears to be one of the best examples:of a deformed

‘nucleus in the light mass region.

<+Work performed under the auspices of the U. 5. Atomic Energy Commissioﬁ..-

+t

On leave from Osaka University, Toyonaka, Osaka, Japan..

\



. is small (v 10%), so ithat ‘many kin

not’applicable, end'the deBoer-Winth
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The main advantage of using projectile excitation in a reorientation
experiment is that one can expect a larger effect than in the usuai target- b |
' ' |
Z elements - up to 7 = 92. In the usual reorientation experiment, the effect

Fs of corrections and uncertainties are of

St

| :

E however, the expected effect was ebout 70%, much larger than the corrections.

[ ; : , , .
For such large effects theisbcond—order perturbation approximation is

[

er pfogram for multiple Coulomb excitatione)
. t

|

has been used for the analysis of the experimental data. Nevertheless, the

© perturbation approximation is useful, for designing the experiments and to give

.

a qualitative physical idea of the situation. Using this approximation,.av

"measure of the magnitude of the reorientation effect is given by the ratio of the

_interference term to the first order term. For fhe‘excitation of the target:

A AE : | '
rT=E§ mj_)m <g+_|!m(E2) v|| ") K(8,8) . (1)

) . [ i
and for the excitation of the projectile:

j_xp_ AR, + + o

where, Z and A are the charge and mass numbers, AE 1s excitation energy, and

.the suffixes P and T correspond to t?e projectile and the target respectively.

|1

' The static quadrupole moment is related to the reduced matrix element by :

i . - |
eQ«-=f%_\/$l <2t || 72 ) |] 2% o (3)

!

comphrable size and ﬁake the interpretatiohidifficultl). In the case of 20Ne,‘ i

fexcitation-method. This is because the nuclei of interest are excited by higher @ .
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Thé:ﬁerﬁ K(G,E) is'a function'which is sensitive to the scéttering angle, 6.
but not very depéndent on the beam energy. Thé advantage of usiﬁg p?ojectile
excitation can bé recognized from these férmulae as being -
: ZT/ZP. o ' o .

In the usual experiments on target nuclei the effect has been observed
by comparison of excitation probabilities for several values of the parameters,
Ap and 0, Forvbr§jectile-excitation, however, eq. (2) shows that the écattefing
angle, 0, is theAOnly parameter experimegtdlly variable to measure the.effect. The.
differential Cross sections'calculated by the deBoer-Winther program for a typical

case are shown in fig. 1.

2.. Experimental

The reorientation effects in the projectile éxcitation were observed
By comparing the excitation probabilities at backward (160°) and at 90° séat_
tering angles. A convenient way to measure the excitétion probabilifies'of the
projectile at the.two different scattering angles was by comparing them with
‘those of the target nuciéus measﬁred siﬁultaneously. This method reqﬁireé that
the B(E2) values and the gquadrupole moment in the target nucleus be.known (or
reliably estimated) to the réquired gceuracy.

In this way,.the efficiencies of thevparticle counters have{been_cancelled
.out excgpt,fér sﬁall corrections. It was a further advantage of this method that
the'réin’of the excitation probability of the projectile to that of ﬁhé target
was less sensitive to the beam energy than the individual probabilities. The
fbeam energy had an uncertainty of appfoximately two percent. |

For all the target'nuclei used, fhe.reorientation effect in the target

excitation was small compared with the effect in the projectile. The nuclel
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,lgOSn, 13O'I'e, and lhSSm were used as targets for the measurements on QONe, and

130Té and ll‘LBSm were used for 22Ne; ' | ‘ o : ! '

A schematic drawing of the experimental arrangement is shown in

: fig.‘2.- The beam of 2ONe or_22Ne was produced by the Berkeley Hilac and severai .

difﬁerént energies were used on each target nucleus in order to detect ény inter-

- ference due to nuclear reactions. The targets were about 1 mg/cm2 thick.

1
. i ! |

The scattered particles were detected by a ring detector for back—sc%tteped

|
. _ | ‘
particles and by a circular detector at a scattering angle of 907ﬁ The coincidence -

measurements were made between the two'particle counters and a NaI(Tl) counter

(5 cmx 5 cm or 7.5 cm X 7.5 em) at 55° relative to the beam direction. - In order
R . . |
to identify the particle signals from the two counters a time delay of about

- 160 ns was added to the .signal from the 90° particle detector relative to the

|

‘Signal from the back-scatter detectof. This prodﬁced two prompt peaks in the
time spectrum. The energy signals from the two particle detectors were mixed

together aftér the slow émplifiérs; the gain of the amplifiers were adjusted so that
there was no overlap of the spectra. The signals for the time spectr.'a,apart’:i'!cle'I
spectra, and Y—réy spectra, and a counter identification signai'were fed‘into
a PDP-T computer using a multiparameter program3).
A typical example of the experimental data obtained by off-line analysis

ié.shown.in fig.v3. The time reéo;ution was petween 15 and SO ns depending‘o?
the experimental conditions for each run. Toﬁ%ﬁbtract the accidental coincidences;
a window was set between the two prompt peaks in the time spectrum as shown' in .
fig. 3a. Integration of the peaks in the sorted y-ray spectra (fig. 3 d,é)! L
produced (after subtraction of the accidental'coincidences) the photo-peak areas

160 . 160 _ 90 90 | |

N , N R NP , and NT

P N , where the superscript denotes the scattering angle

and the subscript distinguishes between the projectile, P, and target, T, nuclei.
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From these four quantities the ratios of the excitation probabilify of the pro-

90

jectile to that of the target, Rl6o and R” ", and the double ratio ® were cal- !

culated according to:

160 . _,.T
160 N E(EY? ’
R ( 160).( P ) > (h)
: N e(E)
\ T Y
b
g0 T
o _ Mo, ) |
R = ( )« ( ), (5)
N160 €(EP)
T ' Y
160 .
&= (E— (6)
20
e(®) -
where C——{%—) is the ratio of the photo-peak efficiencies of the NaI(T1) counter .
e(E) : ' : ' =
Y

for the <y-ray energy of the prbjectile nucleus to that of the target nucleus.

Oniy two of these three ratios are independent, but thé cdhsistency among them
is important ih“considerihg the magnitude of the experimental uncerfainties: The
doﬁble]ratio ® 1is less sensitive to the reorientation effect than is the single_
’ratio,’Rl6o; hbweVer, the double ratio is more important because-to first order the
B(E2; O++2+) values of the target and projéctile cancel out, as do thé differences
in the photo-peak efficiencies of the NaI(T1) counter.

Typical results of the experiments are.shown inlfig. 4 and 5 toggther
with 1) the calculated best-fit curves which will be discussed in the next

section; and -2) the curves wifh no reorientation effect.
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3. Analysis of Data

- The expériméhtal data were éﬁaiyzed by comparison with the calculated

| 2 o . |
results from the deBoer-Winther Coulomb excitation program ). To use this pro-

gram for projectile excifation, the roles of the tafget and projectile were
revers%d, and- the input;énd Lutput,daté had té be treated accordingly. As men-
tioned!previouély, the.large‘size ofithe reorientéfion effect in projecfiié
excitation makes the exﬁeriment lessls%nsitive to the many smaillcorrectidns.

| :

However, the following effects, discussed below, were examined and,/where neces-

‘: sary, correctibns were made on the experimental data or the calculaﬁed results:
1) Effects due to nuclear reactions

2) Quantuﬁ mechanical effects

' 3) Finite sQlidLapgie'of the garﬁiéle counter

4) Finite solid angle of the Y-counter |

5) Finitevthickness of the tafgef-

6) Change of the fYy-ray angul%r distribution and solid angle due to the

motioﬁ of thé y-emitter : o
T) éhange of the deﬁection efgiciency of the vy-ray due to the
Doppler-shift .
8) Attenuation of the Y-ray angular distribution due to the hfs fiela
9) Effects of other low-lying states.
10) Effects of higher-order excitation
1) The energy of the incident beam was kepf below the "safe énergy"l),
:which corresponds to the Coulomb barrier height at 3 fermis out from the nuclear
surface, r, = 1.25 (Apl/3 + AT1/3)

tioned for some types of experimenth). In the present experiments this'question

+ 3 fermi. This "safe energy" has been ques-

was examined by lowering the incident energy to 80% of the safe energy (ES) as



)
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shown in figs. 4 and 5. The lack of significant deviations verified that the

safe energy is indeed sufficiently low for the present experiment. FurfhermAre,
a measurement has been ﬁade at an energy 10% higher than fhe safe energy, and
still no significant deviation was observed (fig. ba). It thus seems that the
above safe energy is satisfactory for thévprésent expefiments.' - |

2) ; Since the parameter 10 ="ZPZT eg/hv' for the present case is 40-50, the
semiclassical approximation is expected to be well justifieds).

3,4,5) A correction for the finite solid angles of the pdrticle détéctors has

béen made by numerical integration over the detector surface. The fihitévtarget

‘thickness correction has also been made by numerical integration, and corrections -

for the finite solid angle of the Yy detector have been made from the table

- of Q2 and Qh_given by Yatesé).
6) ' Sihce the life-times of the 2+ states of the nuclei involved in the

vexperimeﬁt were short, the simple geometrical correction due to the spatial

deviation of the origin of Yy emission from the target position was negligible
< P 22 1)48 A

( 0.5 mm in the largest case of ~ Ne or Sm). However, the effect of the

moving origih was not negligible. TFor thé +vy-rays in coincidence with the back-

scatter counter, the correction was calculated by integration of the formula for

 the angular distribution in the laboratory system;):

“w(e )ar = [1 + AP, (cos 6) + AP (cos 8)

jon
no

+ 2 lc’- {(1 - %AQ) Pl(cos G)L) + (

+

5 ‘
6 AhP5(cosel)}] an .



8- - . UCRL-18959

This is derived from the formula,

: Ww(8 )dQN [1+ A P2(cos 8 ) + AhPh(cos 6_)1an R | (8)

N

ﬁor th¢ syéteﬁ fixed Qn:the _Y;emitting nucleus; but neglecting higher order
~terms %n v/c. fFortunatély, Que to the angular distribution, the | |
.actual'numerical Value of this correction'crosééd zéro for <y-angles ‘around

55 degrees. For,the Y-rays in coihcidence with the Qddzparticle counter, the
célculation of the corfection is complicated'and has been done numefiéélly;'

TWO different arrangements of the particle counter relative to tﬁe Y—countér

~ were used to test this correction. . The earlier one was a coplanar érrangement
of Y-~ and parficle counters, which réquired corrections up to 10% in the’value
of R90. The other agrangemenﬁ was the‘one shown in'fig. 2, where the_direcfion
-of Yy-ray observation was perpendicular to the motion of the nucleiﬂ But even
in this éase tﬁe corrections were still about 5%.

7) The coérection for the change of detection efficiency of the Yy rays
due to the Dopplér'shift was approximately préportional-to v/e and héd'a sign
,OppOSiteth the previous correction. Thus it cancelled part of that correction
and reduced the unceftainty due to estimation of the effective velocity.

 8)' Correctioﬁ for the attenuation of the Yy-ray ?ngular distribution due
"to the hyperfine field effective in the recoiling ionéT) is one of thérmoét‘

"~ serious problemé in heavy-ion reactions or Coulomb excitation. In thé'pfesént
‘_éaée, the effect was examined in separate expsriments. The attenuation factors,
,.G2 and Gh’ have beep determiﬁed by measuring the angular distribution of'the

Y-rays in coincidence with back-scattered particles. The measured Valueé of G2
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Vwere found by least-square fitting to the experimental sets of three numbers, R
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were 0.9%, 0.90, 0.98, 0.98, and 0.90 for the y-rays of -‘Ne, “<le, T>Cre,

12 '
OSn, and lh8Sm, respectively.

9,10) In the light nuclei the interference due to low-lying states is generally

expected to be small. The estimation of the effects due to other states was made
- using a new version of the deBoer-Winther prégram which is able to calculate

: I o
‘E1, E3, and'Eh excitation, as well as mixed excitations; E2 + EL and E1 + E3.

The results are shown in Table 1 for the case of 2ONe, and indicate that'thé

effects are small. The effect of the L+ state was calculated

B(E2, 2% » Lt)
B(E2 ot » 2F)

using the experimental ratios of deduced from lifetime‘datQB)

and was taken into account in the analysis. Corrections were also made for E4 exci-

tation to the U+ state and EM reorientation in the 2+ state, calculated using

B, and Bh from (p,p')/experiment9>. However, no correction has been

‘made for the other effects. Nor has any correction been made for thévsimultaneous

excitation of both target and projectile nuclei; estimates again indicate a small

effect ( < 2% ). But, uncertainties of 5 percent were introduced into the

final results to allow for these uncorrected effects.

k. Results

After corrections, the best theoretical fits to the experimental points

160

90 (Rl6O/R9O)

R”", and K = using correlated weight functions. For

convenience of calculation,: the intrinsic quadrupole moment QO for the O+.+ 2+

transition and the ratio (Q/Qrot) were used as the parameters to be determined,
~where Q 1is the static quadrupole moment Of the 5+ state (egq. (3)) and Qrot'

'is the value for § calculated from QO using the rigid rotor model:

% ;_igl B(E2, 0F » 2%) P (9)
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.2 | G
Uot =T | | o (10}

[

The results of the parametef search are‘summarized in Tables 2 and 3.

. Since the excitation probability of Ne at each angle has been measured
3:; . . ’ . | ) o

o ‘ _ : i ‘ : i
relative to the target excitation probability, the final results depend on the

B(E2)_§alues and static moments of the target nuclei. The uncertainty in the

_results comes mainly from these factors. The best target for %he 2ONe experiment

was 12OSn. The excitation probability was comparable to that of

t

/

B(E2) value has been determinedlo) with an accuracy of 5%. DNo data on the static

“One ‘and the

~quadrupole moment of the 2+ state were available; however, it seems likely that

o o |
-the reorientation effect in l2OSn is small. Tha analysis was made by assuming:

(120 120

Q Sn) = 0.0 + 0.5 Qrbf( Sn). The_effect.of the excitation of higher states

~in 12OSn has been estimated to be negligible. The results of the recent measure-

mentll) of the static quadrupole moment of the 2+ state and the B(E2, o+ 2%)

value in 130Te have been used in thelpresent analyéis. The value of

+ L. . . ' X 12,13,
‘B(E2, 0 - 2') is indeed just the mean value of earlier experiments ).__‘I‘herei
148 ‘

are several results for the value of the B(E2, 0" > 2%) in Sm by Coulomb exci-

“tation which do not agree with each other. However, the measurement of thé iife—
time of the 2+ state has recently been done by ﬁhe "recoil distance.mefhod"lh),
which is much simpler and therefore a less ambiguous method. The B(E2) value
deduced from this lifetime was used for the present analysis. The static éﬁadru—‘

15,16 . 1k8 ' :
L35 ) of the 2+.state in * 8Sm and the E2 and E3 excitation proba-

"poie moment
e 3 . , 1 - ‘
:bllltles for the higher 2+ and 3- states T) have been measured with sufficient 1%

. accuracy foér. the present analysis.
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5. Discussion

L ‘ ' ' S + o
From the values of Q, obtained, the values of B(E2, 0" » 2%) for QQNe

and 221\Ie have been calculated and compared with previous results in Table b,

20

‘For both Ne and 2Ne, the present values agree with previous Coulomb exc1tatlon

experiments, but'are somewhat larger than the‘average values deduced from lifetime
' + + B
measurements. - The main uncertainties in the present B(E2, 0 -+ 2 ) values come

from the errors in the B(E2) values of the target nuclei and from the uncertainty

" in the incident beam energy. On the other hand, it was found that the value of

Q obtained is less sensitive to these factors, because Q is determlned'malnly

- from the ratio of the excitation probabilities at 90° and 160° (&), whereas the

B(E2)'value comes directly from the probabilities relative to those of the target

'(R;6O and R°°).

The values obtained for the static quadrupole moments of the first

“excited state of ~‘Ne and_22Ne are:

(EONe)

Q ~0.2Lh £ 0.03 barns and

(22 -0.21 * 0.0k4 barns.

Q("“Ne)

= 50 . e
These results agree with the value given in a paper (Q(“"Ne) = -0.27 + .11 b,

22 ‘ ’ '
(““Ne) = -0.21 £ .06 b)lB) ‘which came out durlng the analysis of the present experi-

-ment. In both cases of ONe and 22Ne, Q is about 307 larger than Q . In.stlll

another light nucleus, 2hMg, the static quadrupole moment of the flrst exc1ted

state is also about 307 larger than that calculated for Q 19), It is 51gn1f1cant

that three different experimental methods all give values for Q which are larger

‘than Qrot' These‘methods'presumably depend in different ways on any_effects which
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~were not explicitly takén into account. In addition, the present method. involves
: C v ' e ' .

a very large reorientation effect (v 70%) and thus should be less sensitive to

any other effects. It thus seems that these quadrupole moments are, indeed,

larger than the rotational values. ' , ‘ . : . 9
f | o 20 o2 ]
" In Table 5, E2 reduced matrix elements of “ Ne and " Ne for which data are
\ I ' . | :
- available from the literature have been calculated and compared with values given

by the rigid-rotor model. Contrary to the diagonal elements,lfhe higher noh—
. l ‘ .

diagonal elements appear to be smaller than the rigid-rotor valuesyi This effec-
) I i . P

tively disposes of the idea that the larger static moment could be due to simple
stretching of the deformedvrotating nucleus. Pérhaps this rather suggestSvthat
:the wave functions of the different levels do not have exactly the same intrinsic

structure. Due to the poorer overlap of the different wave functions, the off-

' i .
I

.diagonal matrix elements are then reduced relative to the diagonal eléments.
iHartree—Fock or shell-model calcul;tions can ﬁroducé stétic'moments.as lafgé as
the fotational value, but no calculationé exist which yield.values iarger than
the rotatidnal_vélﬁe. For éxamplé, a shell model calculation by Akiyama 33 §;.20)
'with-a phenbmenoiogical effécti&e interaction pfoduced the vaiue —O.i9 barns for
the quadrupole moment ofv2ONe with an effective charge normalized to the |

B(E2; 0+ - 2+).value. This value is close to Qrot and so about 30% smaller than
the experimental values.

It is not really surprising that the rigidérotor model is not strictly
.applicable.for these light s-d shell nuclei, because of the small number of
nucleons involved. It is perhaps, more important to point out that these détév
.rather show the general applicability of this model. The energies of the levels
provide'additional support for the model. It will be interesting to measﬁre the

static moments of some additional nuclei in this region, and projectile excitation

appears to be a most promising method.
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Table 1. Effects of the higher states and higher order processes on Q(goNe).'

State % Effect on Corrected?
E 1" - Yield of 2% state - @
(MeV) ‘ ' ‘ 160°  90°
Effect of L' state 4.25 y* B(E2, 27 > W) 1 gpro.4® 42,0 +0.6  +2F yes
B(E2, ot » 2t)
Effect of ElL moment
a) EL4 excitation h.2s5 y* 5 b
Q, = +0.02k eb -2.2 =0.7 -2% yes
b) Eb reorientation effect 1.63 2f b ' o B
Reorientation effecﬁ in 4 state L.25 oyt Q(h+) = Qr(h+)c 0.2 0. < 1% no ‘
Effect of 27 state 7.43 ot B(E2, 0F » 2%) = lOBSpC : o7 1.3 < o o &
Bffect of 3" state 5.62 5 B(E3, 0" > 37) = 1013Spc 0.1 -o0.h <21% no
%Reference 8.
bReferehce S.
cAssumptions: Qr(h+) is a value calculétéd from B(E2, o » 2+) by the rigid rotor mbdel. ‘BSp tEA) is
the single partible value. : -
ey

P
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Table 2. Summary of the experimental results for 2ONe.
Basi . Results of least -
asis of calculation square fitting
Target B(E2;4 target) Q(target) Q Q/q . B(E2,+ 20Ne) (20Ne)
ot :
(e%b) (b) (b) (e%b°) ()
+O.5]Qr]. 0.69£0.0k4 .11%0.08 0.0L8+0.0055 -0.22+0,02
1205, 0.23%0,012% 0.0 0.69+0.04 .26+0.085 0.0L48+0.0055 -0.25%0.02
‘O'Sler 0.690.04 .40%0.09 0.048+0.0055 ~0.28+0.02
0.23+0.012% (oro.5)lqub 0.69%0. 0k 1.26+0.17 0.0L48+0.0055 -0.250.036
l30Te 0.30%0.03° ~0.15+0.2°% 0.69+0,065 1.20+0.18 0.048+0,009 -0.24%0,035 |
18 N | ‘ 0
. Sm 0.79i0.07d -0.5% 0.3° 0.69+0.061 1.19%0.15 0.048%0.0086 -0.23*0.035
* * *
Summary 1.20%0.15 0.048%0.007 -0.24+0.03
*

Possible systematic errors of (iB%)‘have been included.

aReference 10.

b .
Assumption:

Q. is a value calculated from B(E2, O - o) using the rigid rotor model.

CReference ll._

dReference 1k,

“Reference 15, 16.'
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Table 3. Summéry of the experimental results for 22Ne. )

~Results of least
square fitting

Basis of calculatiqn

Target B(E2;+ target) Q(target) %, Q/a, .  B(E2;+ ZCpe) Q(%ye)
2 2 R o |
(e?62) (®) (b) - (%) (b)
130, c c ' . ' : .E— -
Te 0.30%0.03 -0.15%0.2 0.56%0.06 1.33%0.23 0.031+0.007 -0.21+0.0k45
8., a e 4
Sm 0.79+0.07 -0.5 *0.3 0.57+0.06 1.23+0.17 0.034+0.007 ~0.205+0.03
* * ’ *
Summary , : 1.28+0.20 0.033+0.006 - ~0.21%0.0k
_* . . ..

Possible systematic errors of (#5%) have been included. |
a-e ’;;)
See footnotes for Table 2. '
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Table 4. Comparison of the B(E2,0 »2 ) values from various experiments.

Reference - B(E2,07>27) Weight® Method” i
for average '
(%)
20y,
Present | 0.048%0.007 2 , CE
|
- +0,005 |
AN 69 0.026_0.010 2 DA E
GR 69 0.0Lk2+0.010 2 pA
EV 65 0.029+0.003 L DA
i
: =
+0,01L - PN 1 0
CL 61 0.063_" 35 1 DA O i i
AN 60 ' 0.047+0.020 i CE 1
DE 56 0.0k46+0.020 1 DA
Average 0.039%0. 00k o
{ 1 ! L J 2 2 :
(continued) 0 0.08 (e“ b )

XBL697 -3353
' =
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Table 4. .continued

Reference B(E2,0">2") Weight™ Method” -
(e2b2) for average -
22
Present 0.033%0.006 2. CE
JO 69 0.026%0,003 4 “RD
LI 66 ~ 0.015£0.006 2 A
ES 64 ©0.01940.011 1 DA
AN 60 0.039+0.01k 1 ~ CE
Average 0.02610.003 ‘
fRounded values of reciprocals of the errors. L ' - t . : !
0 0.02 0.04 (e? b?)

bCE; Coulomb Excitation, DA; Doppler-Shift Attenuation Method, RD; i
: XBL697-3354

Recoil Distance Method.

c
References:

AN 69 - J. H. Anderson et al., Nucl Phys. A128 (1969) 305;

GR 69 - H. Grawe et al., Nucl. Phys. A127 (1969) 13;
EV 65 - H. C. Evans et al., Can. J. Phyé; g; (1965) 825 -
CL 61 - M. A. Clark et al., Can. J. Phys. 39 (1961) 1241
(continued)
p a g L]
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Table 4. continued

AN 60 - D. S. Andreyev et al., Nucl Phys. 19 (1960) 1400;
DE 56 - S. Devons et al., Proc. Phys. Soc. A69 (1956) 173;
~ J0 69 - K. W. Jomes et al., Phys. Rev. 178 (1969) 1773;

LI 66 - K. P. Lieb, Verhandl. DPG (L) 1 (1966) 38;

ES 64 - M. A. Eswaran et al., Can. J. Phys. 42 (1964) 1311.
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Table 5. Comparison of reduced matrix elements.

(a) 20Ne

B(E2,2% »~ 1)

B(E2,4" + 6)

Experimental B(E2,0" »2%) | Q |

Pata 0.039+0.00k(e22 ~0.24+0.03(b)" 0.0094+0.0016(e?2)°  0.0130.003(e"b°)

(2?2l ) (207272l2 ) (ull72zzllo ) l Cell7r)ly )

Celoels) 0.198%0.010 0.316%0.040 0.216%0.019 0.343+0.040
(el?els ) (1.0)2 1.33 0.18 0.68 +0.07 - 0.85 £0.011
(rlomis &;t (1.22 *0.15%) (0.78 +0.2°)
(b)  “Ne _
Experimental B(E2,O+ > 27) Q ‘B(E2,2ﬁ.+ T

bata 0.0260.003(e??)* ~0.2120.04(p)° 0.0097+0.0022(e??)°

(ol7zlo ) (oll7zl2 ) L yll72elz )
(rlloells ) 0.162+0.010 0.276%0.053 0.22+0.025
S AT (1.0)% 1.43 £0.29 0.85%0.11
Celomls ) (1.28 *0.20%)
rot

. > \ ] .
“Table L. The rotational values of matrix elements (f"zﬂui'>:are“calculated‘using the average

B(E2,0+ - 2+) values ‘in Table i,

—bPresent results. .

“Reference 8.

®Internal value in Reference AN 69 in Table IV.

- Ynternal value in the present.measﬁremént (Table 2 and 3).

o
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Figure Captions

Fig. 1. Calculated differential cross sections for Coulomb excitation_of the
projectiie and the target for a typical case of 56 MeV 20Ne on l2O’Sn.‘ The
cross sections gre qalculated for_Q = 0 and Q ='th; Qr is the value calcu-
lated from B(E2, 0% + 2%) using the rigid-rotor model. |

Fig. 2. Expérimentél arrangement and éircuiﬁ diagfam. 58D, Solid State Detector;
FA, Fast Amplifier; PS, Pulse Shaper; MIX, Mixer; TAC, Time to Amplitude
Convertor; LA, Linear Amplifier; HRA, High Rate Amplifier; PUR, Pile Up
Rejector; LG, Linear Gate; MA, Mixer Amplifier.

Fig. 3. Typical data from the multidiménsional analysis; &) Time spectrum.
(gated by y-ray signals whose energies were higher than 300 keV), b)
.Partiélé spectrum, c) Total - Y-ray spectrum, d) e) f) Gated Y-ray spectra
by the windows shown in a) and b).

Fig. L, Typical results. of the experiménts énd least—square.fittings on QONef
The solid linés show the best fit curves for the expefimental points, and the
dashed lines show the curves with Q(20Ne) = 0. The data in (a) shown by open
circleé (at 70 MeV) are higher than the "safe energy” énd were not'included
in the least square fitting. However they still fall on the beét—fit
curves (see discussion in § 3).

fig. 5. 'Typical results of the experiments and least-square fittings on‘22Ne.
The solid lines show the best fit curves for the experimental points, aﬁd

(22

the dashed lines show the curves with Q("“Ne) = 0. The safe energy is indi-

cated by ES.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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