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We analyze for the first time the fujly directional correlations from oriented stat€CO) in an experiment
performed with the GASP detector array. Our analysis is based on a transformation of the directional infor-
mation into expansion coefficients of an orthogonal basis. With this method, which we call Spesp&tdal
expansion of DCQ) the complete DCO information is concentrated inyh2coincidence spectra. The analysis
is applicable to all detector arrays which uniformly cover the solid angle. We show that the complete DCO
information can be used for a reliable and unique determination of spins and multipolarity mixing ratios in
weakly populated bands. We were able to establish the spins and the positive paritAbfthe' M1 band”
in 12Ba and multipolarity mixing ratios of ninkl 1/E2 in-band transitions were derived as well. The measured
values are in good agreement with those expected for aKigbhtational band[S0556-281®8)00608-9

PACS numbss): 21.10.Re, 23.20.Lv, 25.70.Gh, 27.69.

[. INTRODUCTION The level scheme and lifetime data of the experiment
were published if3]. In that work, discrete connections be-
The xenon, barium, and cerium isotopes with maéss tween the ‘M1 band” and the lower level scheme were
~130 are well known for a variety of collective nuclear established for the first time in this mass regisee Fig. 1L
deformations. They possesssoft, triaxial deformation in  The experiment also provided data on branching ratios be-
the ground state with moderate quadrupole deformations dfveenAl=1 andAl =2 transitions in the M1 band” and
B~0.2. Because of theiy softness, quasiparticle excitations absolute lifetimes of three levels in this band. The compari-
can polarize the deformation towards prolate or oblate shapesn of transition matrix elements with the predictions of dif-
more easily than in well-deformed nuclei. Nevertheless, théerent models, such as TAC or a description as a kigh-
properties of these nuclei vary smoothly with mass numbernotational band, was based on the assumption that the band
One characteristic excitation in this mass region correspondsas negative parity and thAtl = 1 transitions have puril 1
to four-quasiparticle M1 bands” with Al=1 transitions character. At that time these assumptions could not be
dominating over the competinyl =2 ones. These structures proved by experimental data. This issue was one motivation
were interpreted as a realization of “tilted axis cranking” for the analysis of the DCO information described in the
(TAC) by Frauendorf and co-workerdl—3] and were as present work.
such called ‘t bands.” An alternative interpretation as high-  The evaluation of DCO is a well-known method to assign
K rotational bands was also propodé&d. spins and parities to excited nuclear states and to measure
The purpose of the present work is to establish the spinmultipolarity mixing ratio[4,5]. This method is particularly
parity, and multipolarity mixing ratiosS(E2/M1) for the  important for low-spin experiments, where spin determina-
members of the M1 band” in 1?®8a. Our analysis ofyy  tions and multipolarity measurements are the central goals of
directional correlations from oriented sta{&CO) was per- the analysis[6,7]. Nevertheless, evaluating the complete
formed on the data set of an experiment at the GASP spe®CO information has not become a standard technique for
trometer at the INFN in Legnaro. The excited stated?#8a  the new generation of 4 detector arrays. In a straightfor-
were populated in the fusion-evaporation reactionward DCO analysis from these spectrometers, the experi-
%Mo (%6s,4)?%Ba at a beam energy of 150 MeV. The  mental statistics would be spread over many spectra of dif-
triples coincidence events were recorded in two runs, from d&erent geometrical angles, e.g., 107 spectra for the geometry
thin and a thick target, respectively. of GASP[8] or even 320 spectra for GAMMASPHERE].
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Il. yy ANGULAR CORRELATION ANALYSIS N
WITH SpeeDCO W(01,02,¢)= E“ By, (1DA 2 (v AL (72)
1,042

A. Principle of SpeeDCO

: . . o : : XHy \,(016260), (1)
In this section we explain the principle and main outline
of the SpeeDCO analysis. A detailed description of the
method focusing on the sensitivity for spin determination'Vhere
and multipolarity mixing in different contexts will be given
in an upcoming publicatiof10]. In the formulas and con- ar 92N
ventions we follow Ref[4]. We call the experimental DCO Hy o, = o1 > (N1ONQ|N2Q)
distribution of a givenyy cascadav(6,,6,,¢). In a conven- 27 S g=-\'
tional DCO analysis, this experimental distribution will be X Yyq( 01,0 Y} o(020),

compared to a hypothetical distributia¥( 6, , 0, ,¢) of two
v rays vy, emitted in a cascade from an oriented nuclear
statel ;. W(60,,0,,¢) is calculated by N =min(\,\>). 2



PRC 58 DETAILED ANGULAR CORRELATION ANALYSIS WITH . .. 723

TABLE I. Expansion coefficients used in the SpeeDCO expansion of directional correlations from ori-
ented states. The values given kﬁl“ andAx2 are maximal absolute values fat =0,1,2y transitions with
mixed dipole or quadrupole multipolarity decaying frdg=10. The absolute values f@, are calculated
atl,=10 with an orientation parameter=4. The product of the three numbers measures the importance of
the expansion term for typicaty cascades. In the last column, a simple description of the angular function
Hi o, is given, in cases where it depends on one geometrical parameter only.

Maximal values(see caption

A AiAN, By, A2 A, Prod. Geom.
1 000 1.000 1.000 1.000 1.000 Total statistics
2 022 1.000 0.404 0.817 0.330 <Ply(Z(y1,72))
3 044 1.000 0.186 0.558 0.104 =Pl (L (v1,7,))
4 202 0.665 0.440 0.817 0.239 «Pl,(6,)

5 220 0.665 0.365 1.000 0.243 «Pl,(6,)

6 222 0.665 0.205 0.817 0.111

7 224 0.665 0.220 0.558 0.081

8 242 0.665 0.138 0.817 0.075

9 404 0.244 0.317 0.558 0.043 <Pl (6,)

10 440 0.244 0.186 1.000 0.045 «Pl,(6;)

11 424 0.244 0.140 0.558 0.019

12 442 0.244 0.097 0.817 0.019

The anglesf, , denote the polar angles of the emitted, The Fourier transformatiofiEq. (4)] is performed for

radiation with respect to the beam axis, apds the differ-  each energy binK,,E,) of the coincidence spectrum, pro-
ence in the respective azimuthal angles. The teBsofl ;) viding us with 12 two-dimensional histograms of expansion

describes the orientation of the upper nuclear state, the tensgpefficients. A sample coincidence spectrum in four of the

A12(y,) the orientation of the intermediate state due to€Xpansion matrices is displayed in Fig. 2. ,
o o The SpeeDCO method is based on two concepts. The first
emission ofy,, and sz(Yz) the emission ofy,. For the

. is the Fourier transformation of DCO patterns via Et}.and
definition of these tensors see Rpf]. , the observation that actual correlation patternsygfcas-
To clarify the principle of the SpeeDCO analysis, we re-cades are determined by relatively few terms in the expan-
write Eq. (1) as sion. The second concept is to perform this expansion not on
fitted peak areas but channel by channel on histograms and
W(0)=2, S\HA(0O), (3) to extract the expansion coefficients by fitting peaks and
A backgrounds to these histograms.
_ o ) While the first concept is mathematically straightforward,
where we introduce the indice® and A, with the second relies on the assumption that peaks and the con-
=(01,0,,¢) standing for the angles of all availabM i ,ous background are governed by the same terms of the
detector pairs of the given spectrometer setup andynansion. The continuous backgroundygfspectra emitted

A=(A1,A\2) denoting the relevant terms of E(L) (see i, fysion-evaporation reactions consists mainly of two com-
Table ). Note thatS, , which is the product of thé& andB

tensors, carries all the information about the hypothetical - ' - - - -

spins and multipolarities. The SpeeDCO analysis is based o1~ 10000 | P84 keV 2'->0" o — 1
the observation that the vectdss, (®) form an orthogonal o
basis of the possible DCO patteri¥(6,,6,,¢). We use 8000 - .
this basis to transform the experimental DCO spectra 296 keV 15>147
wg(E1,E>) into their Fourier representatiosg (E, ,E,) by > 6000 -
the expression -
% 4(xx) L
HA(©) 2

sA(El,E2)=§ We(Ey,E,) (4)

THAl 200 A
and compare experiment and hypothesis in Fourier spac 0 beallda ngifk ool
rather than in geometrical space. The normalization with the Y
quotient||H,||= V1/NZgH?2 is performed in order to sim- 2000 L
plify the error calculation discussed in Sec. Il D. Calcula- 450 500 550 600 650 700
tions show that the 12 expansion coefficiefits (A;\\,) of Channels

Table | are sufficient to describe the relevant DCO patterns FIG. 2. SpeeDCO spectra gated on the 324 keV transition in the
for dipole and quadrupole radiatiop$0]. expansion matrices 000, 022, 202, and 220; see text for details.
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TABLE Il. Sample comparison of DCO analysis and SpeeDCO analysis fqd0®326 keV cascade in
the 1?*Xe experiment aNORDBALL (See text

Method Spins e o 8, 5,
DCO (17)(16)(15) 0.5 A1) —0.13(2) —-0.12(2)
Transformed DCO 0.5 1(20) —-0.13(2) -0.12(2)
SpeeDCO 0.5 0(20) -0.15(2) —0.14(2)
ponents, i.e., Compton escape signals of the detectors and a D. Error calculation

guasicontinuum ofy rays from excitation regions with a high The uncertainties of the coincidence histograms

level density. Since both pres of bagkground have the saméaA(El,Ez) can be calculated by straightforward error propa-
angular correlations as discrefetransitions, we can expect -uo0 of the terms in the sum of E¢4). In the sorting
to find in the expansion spectra the same principal behaviogrocess the error matrices

for the signal and background as in ordinary spectra.
HA(®))\?
en(E1Ep)=2 (ﬁ) Wo(EL.Ep) (9
B. Software development and tests 0 A

In order to prove the principle of SpeeDCO and the soft- ) . i
ware developed for it, it was necessary to test the method of@n be incremented just in the same way as the expansion
a data set where both approaches, i.e., a conventional pc®atricess, . The uncertainty of an expansion coefficient is
analysis and SpeeDCO, were possible. This data set was préien calculated age,(Ey,E;). Since these error matrices
vided by an experiment on the neighboring nucléé®e double the memory required for sorting, we looked forak_ess
with the NORDBALL spectrometer at the NBI in RisBhe ~ resource-consuming procedure. We employed an approxima-
NORDBALL spectrometer is very favorable for conven- tion by replacing the actual counting rate,(E,,E;) with
tional angular correlation studies, since its geometry resultile average counting rate’ (E,,E;,) in Eq. (5). The error
in only 12 correlation groupE5]. The results of the conven- Mmatrix then equals the total number of eventskat,E,). At
tional DCO analysis foF2*Xe will be published in11]. this point the normalization conditioq= g (H A (0)/[[H,])?

In Table Il we show the results of three different ap- =N was used, wittN equal to the number of detector pairs.
proaches for the DCO analysis of tt#00,326 keV cascade We compared the results of a full error calculation and our
from the 12%Xe experiment. This cascade is part ofvil ~ approximation on thé?Xe data set described in the previ-
band similar to the one measured i#Ba. The first line ous section. Both methods provide similar results.
presents the result of a conventional DCO anallfid. The
second line describes the results we obtained after transform-
ing the same peak areas used for the conventional analysis o T .
into the SpeeDCO basis. The third line is the result of the full The efficiency of the individual detectors was calibrated
SpeeDCO analysis, i.e., the analysis of the coincidence spetith a mixed source of thé>Eu and**Ba isotopes placed
tra of expansion coefficients. While the extracted values of at the target position. The energy dependence of the detector
are consistent within the uncertainty limits, the fitted valuesefficiency was fitted with the five-parameter functie(E.)
for o seem to be smaller than for the usual DCO analysis=Ax*(E,—C+ D*e E"E)B,

The correct evaluation of the error analysis is, however, dif- The calibration was tested on the distribution of several
ficult because the experiment provides only 12 geometricastrong*?3Ba v transitions over the individual detectors. We
groups which are transformed into the 12 expansion groupfund that the calibrated efficiency overestimated the count-
of SpeeDCO. This situation creates correlations between thiag rates of detectors 1-24 relative to 25—40 by a constant
values of different expansion groups, which cannot be infactor 1.11. We attribute this difference to dead time effects
cluded in our error analysis. The problem of correlated val-of the data acquisition system, which employs two multi-
ues disappears for the GASP experiment®Ba, where the plexed analog-to-digital convertef@dDC’s) for detectors
12 expansion groups are calculated from 107 independert-24 and 25-40, respectively. Thus we reduced the effi-
geometrical values. ciency calibrations of detectors 1-24 by a factor of 1.11
without changing the energy dependence. This correction re-
C. Data analysis moves mainly a forward-backward asymmetry of the ob-
served reaction counting rates. For the thick target spectra we
furthermore had to correct the calibrated efficiencies for ab-
esorption in the bismuth backing.

E. Efficiency calibration

One convenient property of E¢4) is that the 12 spectra
s,(E1,E,) can be incremented event by event, since th
summation over the different angles in E¢) can be per-
formed as a summation over events with their individual
geometry. For each everi(,E,,0), the 12s,(E,,E,) are
incremented by the value dfl ,(©)/||H,||. This technique To support the analysis of multiple coincidence matrices,
requires the use of floating point histograms, which can bave developed the programsLAYMORE, which generates
rounded out to integer values after all events have beegated spectra in all matrices along with the respective error
sorted. spectra. The background subtraction in the two-dimensional

F. Spectra analysis and comparison to hypotheses
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matrices is performed following the method of REE2] by 600000 ———————— T T

. . . . . . + (480.0,284.0)keV +——
assigning a continuous background to the matrix projections ;000 | ! 45250 ¥%=6.0, 6=1.92, 8,=0.00, 5,=0.00
This background is generated by linear interpolation of |
manually selected regions. The same regions are used for tig 400000
projections of all expansion matrices. The two-dimensionalg ;o | | |
background hypothesis is then calculated as |

boa(E1,Ez) =py(E1)* by( Ez) +by(Ep)* py( E)
+ bx(El)* by( Ez)l

100000 | 4 .

3 s o
0 i e gRTS—— % b *
/

expanded coincidence area [coun

A ;
\ 7
-100000 [ \ / E
“\ /’

where p, , stand for the background-subtracted projection %% ; ...... /
spectra and, , for the continuous background hypotheses 30000 Lo+ v v o . . . .
of respective projections. 000 022 044 207 aadon seetficiams (uk,] T 0 44 42
A sample of background-subtracted expansion spectra
gated on the 324 keV transition is displayed in Fig. 2. As FIG. 3. Correlation pattern of th@79,284 keV cascade in the
expected, the expansion spectra show Gaussian peaks wHFPund state band of*Ba. The dashed line represents a least
varying relative amplitudes. squares fit to the observed SpeeDCO pattern with the _orlentgtlon
The peak areas are extracted from these gated spectra grametfb(): 1.837). Thecalgul_ated pattern agrees within devia-
simultaneously fitting a selected region with a number o idns of = 3% of the total statistics.
Gaussian peaks over an optional constant or linear back-
ground. This additional background hypothesis was intro-
duced in order to be independent of local deviations from the The experimental SpeeDCO pattern of {824,296 keV
global background subtraction pattern described above. Theascade together with the adopted hypothesis is shown in
extracted peak areas proved to be reliable and not very sefrig. 4. The figure also presents a hypothetical pattern for the
sitive to variations in the gate and background parameters.local x*> minimum of the parameters=4.2, 5,=3.60, and
In a second step of the analysis, the peak areas for a givefe=3.60 as well as the pattern for a pure dipole cascade.
yy cascade are compared to calculated patterns of different Figure 5 displays they” analysis for the independent
spin hypotheses and multipolarity mixing ratiéswith the  Variation of boths values for the(324,296_ keV cascade of
ProgramcORLEONE the “M1 b.and..” In the calculanon_, tlhe. orientation parameter
With “ideal” 4 7 spectrometers the transformation of Eq. @ Was varied independently to minimize thé value at ev-
(4) is exact in the sense that experimergtalcoefficients can €Y (61,62) point. The calculation reveals a unique mini-
be directly compared to the hypotheti@y one. In real ex- Mum at the parameters=2.0(16), 5,=—0.2q3), and 5,
perimental setups, effects such as varying detector efficier= — 0-17(4) with ax? value of 1.7. The other local minima
cies or geometrical biases of the spectrometer cause sligh@ive larger values, e.g¢"=4.
nonorthogonalities in the badi$, (®). To correct for detec-
tor efficiencies during the sorting process would increase the 35000
data-processing time of an individual event substantially.

B. Mixing ratios in the “ M1 band”

P (324.0,296.0)keV ——
16->15->14 y°=1.8, 6=1.33, 8,=-0.18, 3,=—0.18 -----

. 30000 % b
Thus, we chose to calculate these effects together with the \ R S e e s
theoretical hypotheses, which is easier to do. 7 25000 [ \ .
g
S 20000 | 1 .
lll. RESULTS FOR THE !?%8a EXPERIMENTS g 15000 | % 1
e :
A. Tests and systematic errors -§ 10000 - .
The SpeeDCO analysis was performed on the thick ancg s | .
thin target data from the GASP experiments ¥fBa. We % .

first analyzed the SpeeDCO pattern of high-statisjigsas-
cades from the thick target experiment, which provide an  -so00 |
excellent test for possible systematic problems in the analy-
sis. After the correction for the efficiency calibration dis-
cussed above, the experimental expansion pattern of the 4
—TZf—>O+, 479-284 keV cascade could be reproduced rig 4 cCorrelation pattern of th@24,296 keV cascade in the
within a few percent in the calculation. The expansion pat--\11 hand" of 1288a. The dashed line represents the accepted hy-
tern together with the fitted hypothesis is displayed in Fig. 3pothesis with the parameters=1.8, 834= —0.18, and ,95=
Note that for the actual spin and multipolarity assignments-0.18. The second hypothegishort dashed linerepresents a2
presented in the following section, the error calculation isfit with the assumption of pure dipole character. The third hypoth-
dominated by the statistical limits of the experiment, not byesis(pointg corresponds to a local minimum in the surface of
systematic uncertainties. Fig. 5.

-10000

000 022 044 202 220 222 224 242 404 440 424 442
expansion coefficients [A;A A,]
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TABLE lll. §(E2/M1) values from the SpeeDCO analysis for

y
W2 1
members of the M1 band” in 12%Ba. 16->15->14 inin=L9

3.84 -

2,45 oo
x3=1.7, 6=1.95, 8,=-0.20, 3,=0.17

i X +
I E, [keV] S(E2IM1) il MM ‘ =42, 6=0.00, 8,=0.15, 5,=-024 %
2 );'(/ \Aé‘\,‘l“ ":‘ K43, 0=3.57, gl=—4.12, 3=—019 m
" L L L y =67, 0=4.22, 5,=—0.24, 5,=—4.01
13 305 —0.19(9) 12 [ W "”‘;’;/ \ "‘1’("\""‘1 ;2:8.0, ot 00, 5357, gz:—m .
14+ 277 —0.14(4) ol ),,/ \‘ﬁ i .‘}\ ‘“"/Il// =188, 6=-0.05, 8,=-3.38, 5,=-5.03 v
15* 296 ~0.18(3) of W W
16* 324 ~0.18(3) o] g
17+ 362 —0.20(3) of
18" 394 —0.24(3) L5
19" 428 —0.22(5)
20° 457 ~0.20(4) T 05" atand;)
21 487 —0.18(7) aan@) 05 T s

FIG. 5. x? analysis of the SpeeDCO pattern of {824,296
The analysis of the correlation patterns for the membergeV cascade in the M1 band” of *?®8Ba. During the variation of
of the “M1 band” providedE2/M 1 mixing ratios for eight the parameterss,, and Sy, the orientation parameterwas mini-
Al=1 transitions betweer 0.14(4) and—0.245). To ob-  mized independently at each point.
tain a value for the mixing ratio, the angular correlations

between the transition in question and its upper and lowefy the 968 and 843 keV transitions. We assume that the
neighboringAl =1 transitions were analyzed and the fitted lower-spin hypothesis is rather unlikely, because it would
value averaged over both results. Correlations with the mucB|ace theM 1 band so far above the yrast band that it would
weakerAl =2 transitions and correlations with second neXthardIy be populated in the reaction. The SpeeDCO pattern of

nei_ghboringAlzl t.ransitions were analyzed in o_rder to the (277,968 keV cascade together with the least squares fits
verify these values independently. The values obtained WIttF

different methods are consistent within the statistical uncer-Or the spin hypotheses in question is displayed in Fig. 6.

tainties. The results of these fits are presented in Table Il Since we can exclude the observation\ transitions
' P ‘competing with collective in-band/1/E2 transitions, the

_ o previous assignment also determines positive parity for the
C. Spin determination M1 band. The 1039 keV and 817 kexrays connecting the
The decay out of the M1 band” to bothS bands and the *“M1 band” and the quasigamma band &2 transitions.
guasigamma band is spread out over six one- and two-stephe other angular correlations gfrays associated with the
decay path$3]. The observed connections limit the possibledecay out of theM1 band are all consistent with this new
spin hypotheses for theM1 band” to +1%. The assign- assignment.
ment of negative parity ifi3] was based on the identification
of the band with the negative parity band predicted by TAC IV. DISCUSSION
calculations. L
We analyzed the correlations of th€277,968 and A. Sensitivity of the SpeeDCO method
(277,843 keV cascades, which correspond to the decay out The presence of mixed transitions with compara
of the “M1 band” feeding two different 12 states of the andM1 content leads to strong and characteristic DCO pat-
ground state and the fir& band(see Fig. 1 and Table [V terns, which often allow unique spin and multipolarity as-
From the SpeeDCO analysis we can excludethe 0 char-  signments even for weak cascades. Thus, DCO is most sen-
acter proposed by Ref3] and establish &l =+ 1 character sitive as a method to determine spins when mikiM 1

TABLE IV. SpeeDCO analysis to determine spin and parity of the magnetic dipole band. The three
transitions at 968, 938, and 847 keV connect the 4956 keV level with thesti2es of the ground state
and the proton and neutrdd bands. The correlations of each transition independently confirm the
Al=1 assignment. The other hypotheses with=0 can be excluded by thejf? values.

(Ev, E») Lol 82 2
(277,968) 13+ & 12+ — 12+ —5.4138 3.3
137 = 127 — 12% 0 6.3

14+ — 13 127 [-0.6%%¢]

(277,843) 13+ — 12+ — 12+ ~5.4138 6.9
137 —» 127 — 12+ 0 10.3

[14* — 13 - 12+
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1400 T The additional information of a correlation analysis can
1200 | % 14>13->12 =05, 0=2.00, 51%&?32@' i be most easily demonstrated with tt@22) angular function
oo b 13:>12->12 7' =3.1, 6=2.00,8,=-0.14,5,=500 - | [Eq. (2)], which depends only on the relative angle between
z both y rays (see Table)l Therefore, the calculated coeffi-
§ sor | cients of this term are independent of the orientation param-
g 600 ] eter o and depend only on thé values and spins of both
§  wor 1 transitions.
g 200 ] -
§ o 1 I i B. Examination of rotational transitions
%; 0 L i """"" oy } ,"’“q { | The experiments o?®Ba with the GASP spectrometer
5 ol 1[ ',fff:%’ | revealed a wealth of data on thé/tl band” in this nucleus
| } [3]: the branching ratios betweekl =1 andAl=2 transi-
-600 | ] tions were measured and compared to predictions of the
e Ty Y A PR TAC model_an_d of a highk rotation_al band. For three band_
expansion coefficients [A,A A,] members, lifetimes could be obtained by the Doppler-shift

_ attenuation metho(OSAM).

FIG. 6. Experimental SpeeDCO pattern of ##7,968 keV The determination of positive parity in our work leads us
cascade depopulating theM'l band” together with the theoretical ¢, assign a frhyy9)2X (vhyy)? configuration to the M1
patterns for the two possible spin hypotheses. The spin assignmegh 4 » The positive parity creates additional problems for
provided by the first hypothesis was accepted. the TAC description if1]. As was pointed out in Ref3],

N ] ] - the TAC predictions for positive parity do not match the
transitions are in a cascade with the transitions of unknowrxperimental data of branching ratios and matrix elements.
spins. A good illustration is the spin assignment for thd1  Another open question of Ref3] was the assumption
band” discussed in the previous section. Only the correlatiorhf pure M1 character for the\l =1 transitions. Our mea-
of the mixed E2/IM1 in-band transition with the mixed sured values o~ —0.2 Correspond to aM1 content of
E2/M1 decay out had a sufficiently characteristic DCO pat-1/(1+ §%)~96%, which results only in minor corrections of
tern to decide between the possible spin hypotheses. In coghe previous results.
trast, theE2 decay through the 1039 keV transition to the |n previous works onM1 bands, theB(M1),,_,/

quasigamma band, although twice as strong, can be fitted(E2),,_, branching ratio was employed to investigate the
equally well withAl=1 andAl=0 hypotheses. picture of magnetic rotation vs collective rotation. This ob-
To demonstrate the advantage of the SpeeDCO analysigrvable cannot tell us B(E2) values increase or B(M 1)
over the conventional gated angular distributions, the samgates decrease with spin. These features correspond to the
(324,296 keV cascade of Fig. 5 was analyzed with the termspjctures of a highK rotational band or a shears band, respec-
corresponding only to the Legendre polynonftdh andPl,  tively. So far, the absolute matrix elements were only in few
angular distribution coefficients of botl transitions(see  cases measured with sufficient precision to discriminate be-
Table | and Fig. ¥. From the gated angular distribution tween both pictures.
analysis alone, no unique solution 81 or &, can be found. Measuring the mixing raticf(E2/M 1) provides us with
This is due to the fact that the angular distribution is deteran additional observable to test the character of rotational
mined by a product of the free parametersnd 6. Only if  matrix elements. To show this, we calculate the matrix ele-
the statistics are sufficient to determine &, coefficient ments of a rotational band according to REE3]. For K

can this ambiguity be resolved in angular distribution mea-« 1/2 theB(E2),,_,/B(M1),,-» branching ratios are
surements.

B(E2)4-2
15->14->13 :x;i“?‘{g — B(M1)ai-1
209 o 5 (eQy)?  3(I;+K—-1)(1;—K—-1)

i (1 i 2y, , 6=0.47, 3,=—0.18, 3,=—-0, + = —
Mg e 2[(ggwmP? K@ D2,-2 =
1 0 etes e = =
12k ‘ , \‘ ) 116, 6647, 8,059, 8,—0.50 4
ol 'w“ 1 (’“\ L aaer S0y 086 The calculation predicts a stronger reductionBgE2), -,
6F . “‘M K2=18,0=6.53, 8,=-149, 8,=-053 o than of B(M1),,-1 in the vicinity of the bandhead, which
3t A D g S leads to the observed lar¢¢1 branchings.
or With the matrix elements of Refl3] the mixing ratio
> LS 6(E2/M1) is calculated as
1.5 0 05
h 03 Q05 atan(dy)
0 _ [,—1||O(E2)|]I
atan(,) 0.5 1 = »1.51 5=0.93F < 1 ” ( )“ l>

7(li=1O(M1)[I4)

FIG. 7. Same hypothesis as in Fig. 5, byt only based on Q
angular distribution analysis, demonstrating that no unjefeini- =0.93F [(I,—1)(1,+ 1)]71/2—0' 7)
mum can be found. i (9k—9r)
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0 - - - - P |gk—9rl=0.41(2)uy, and K=9.4(3). We extracted the
high K-band Qg=3.79b, 80 41y — matrix elements (l,—1||O(E2)|[I)/{I,—1|O(M1)|I,)
02t 1 from the measured(E2/M 1) using Eq.(7). In Fig. 8 these

experimental values are compared to the values calculated
_________ . for a highK band with the parameters ¢8]. The good
"""""""""" agreement provides an additional, sensitive test for the ratio
of the fitted|Q,| and|gx—gg| values.

04 |

06 |

08F 1 V. CONCLUSION

<LHIO(BIL>/<IIOMDIIL, > [ebity]
—
———
——

We performed for the first time a full DCO analysis on
the data of a GASP experiment. Our new analysis method,
which we call spectral expansion of DC&peeDCQ, is
applicable to 4r spectrometers such as GAMMASPHERE or

1 1 6 18 20 2 2 EUROBALL, where a conventional DCO analysis is not
! possible. The use ofy correlations increases the sensitivity
FIG. 8. Experimental values for(l,—1|O(E2)|lI;}/(l;  to determine spins and multipolarities significantly over the

—1|o(M1)|I;) extracted with Eq(7) for transitions in the M1 ~ method of gated angular distributions and allows for unique

band” in '%®Ba. The data are compared to a fit with the matrix measurements even in weakly populated bands. The multi-

elements of a rotational band with the effective charggs  polarity mixing ratios, which we measured in them'l

=3.79e b, |gx—gr/=0.41. These values were fitted in REg]to  band” of 1%®Ba, are consistent with the picture of a high-

theB(M1)/B(E2) branching ratios and to the lifetimes of the low- rotational band.

est three band members.

whereE, is in units of MeV,Q in e b, and @x—gg) in ACKNOWLEDGMENTS
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