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Angular correlations and internal conversion coefficients ofy-ray transitions in %4Pd
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The nucleus®Pd, populated in the electron capture ghddecay of'%Ag, has been investigated by means
of y-v coincidence,y-y angular correlation, an{ internal conversion coefficient measurements. The results
have led to an improved knowledge of the decay scheme, to spin-parity assignment to several levels, and to the
determination oE£2/M 1 mixing ratios for the most intense transitions. InformationE@htransitions between
0* states and between states of sal#® has also been deduced. The new spectroscopic data have been used
to give an updated version of the decay schemé&®tfd.
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. INTRODUCTION current of~1 uA. Energy spectray rays were recorded up
to an energy of 2.7 MeV iny-y coincidence measurements

Even palladium isotopes belong to a mass regidn ( and up to an energy of 3.5 MeV in electron-conversion mea-
=100) where nuclei display a transitional character fromsurements.
vibrational to gamma soft. Very recently they have been the
object of extensive analyses in the framework of the inter-
acting boson approximatioflBA) model [1] in both its
IBA-1 [2] and IBA-2[3-5] versions. In the latter case spe- An apparatus where the irradiation site was separated
cial attention has been paid to the identification of states witirom the counting one was utilized foy-y measurements.
mixed-symmetry(MS) character in the proton and neutron The target could be shifted vertically, by means of a rack,
degrees of freedorf6,7]. The role played by these states in over a distance of 20 crfsee Fig. 1 while maintaining the
determining the excitation energy patterns at low energy
along the isotopic chain has been pointed out in REf.The P reeeerereer P 2
systematic analysis of these isotopes was complicated by th 50 mm
rather fragmentary experimental information. For example,
in 1021%%d many important spectroscopic data, particularly e
useful to test the model predictions, such as definite spin- E"
parity assignments dE2/M 1 mixing ratiosés, were missing.

To extend to%Pd the possibility of a stringent compari-
son between experimental and calculated data we have pe
formed -y coincidence, v-y angular correlation, and
K-internal conversion coefficient measurements in this iso- HPGe EE G ol B
tope, populated through the electron capt(€) and g
decay of the 3 ground state and 2 metastable state of
104Ag_

The experimental setup for angular correlation measure- )
ments as well as the procedure followed to deduce spins an lead shield
6 values are described in Sec. Il A. Section 11 B is dedicated
to the results, obtained from electron-conversion measure

A. y-y coincidence and angular correlation measurements
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ments, on the multipolarities and the absolute values of mix- ~&
ing ratios of several transitions as well asB@ components 111000 pmbe\\
in AJ=0 transitions. The body of experimental information target A

obtained is used in Sec. Il C to provide an updated version Olheam mm—m—m——————
the decay scheme dfPd.

II. EXPERIMENTAL PROCEDURE AND RESULTS

Levels of 1%%Pd were populated in the EB* decay of
0%9ag (T1,=69 min and %"Ag (T,,=34 min) produced
via (p,n) reaction on a target of®*Pd (99% enricheyl The
target, ~1 mg/cnt thick, was obtained by vacuum deposi-  FIG. 1. Schematic view of the target chamber utilized in the
tion of the isotope on a 0.3 mm thick aluminum backing. A angular correlation measurements. The target can be shifted verti-
proton beam of 6.8 MeV energy was used with a typicalcally, while maintaining the vacuum in the chamber.

irradiation position counting position
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FIG. 2. Angular correlation plots of the indicated transitiongifPd. On the left, plots of? versus arctar] for the upper transition in
the cascade indicated in each panel. On the right, the angular correlation function corresponding to the ngfiralua of 8 is plotted
together with the experimental points.

vacuum in the target chamber. At the irradiation site theto allow the passage of the braces of the movable Jores
target was in thermal contact with a cold fingeooled down typical run in a given geometry lasted about three hours and
to liquid nitrogen temperatuyeo avoid possible damage due measurements at each angle were repeated at least three
to the high power load. The upper position of the targettimes in a random sequence.

(source was at the center of a circular rail where three For each coincidence event involving a movable detector
braces supporting three coaxial high-puriiyP) Ge detec- and the fixed one, the-ray energies and the time interval
tors (120 cn? active volume eadhcould be rotated over the between the signals from the two detectors were collected
whole 27 range, at an adjustable distance from the tafget and stored on magnetic tape for off-line analysis. The resolv-
cm in the present wojk The detectors had a typical energy ing time for a coincidence event was30 ns(FWHM). Co-
resolution of 2.3 ke\ffull width at half maximum(FWHM)]  incidence spectra for each anglevere generated by setting
at 1.33 MeV y-ray energy and 25% relative efficiency. energy gates in the spectrum of the fixed detector. To correct
Cone-shaped lead shiel@aternally copper-linedwere uti-  for the contribution of accidental coincidences two gates of
lized to define the acceptance of the detectors and to minihe same width were set on the right and on the left of the
mize y cross-scattering effects. Particular care was devotegrompt peak in the time spectrum. To estimate the true-
to obtain a high reproducibility of the target position at the coincidence contribution from the background under epch
two sites. The beam spot was defined by a tantalum digpeak of interest, two gates of equal width were also set on
phragm(2 mm diameterlocated 1 cm upstream of the tar- the continuum on both sides of the gating transition. For each
get. The adopted setup makes it possible to convenientlgietector pair and each-vy cascade, the nine energy spectra
shield the detectors from the neutrons produced at the irrghereby obtainedincluding those gated by the prompt peak
diation site and to use a closed rail, i.e., without openings foin the time spectrum and by the full energy peak in the en-
the beam pipe. ergy spectrumwere properly combined to derive the final

The measurements were performed by alternating a 360®incidence energy spectra. Singles spectra from movable
activation time, a 60 s waiting time to reduce the backgroundletectors were simultaneously collected at each angle. These
due to short-lived activities, a 2700 s measuring time, and &ere used to correct peak areas in the coincidence spectra to
100 s waiting time, sufficient for the targétaving reached take into account possible differences in the absorptiop of
the bombarding sijeto cool down from about-50°C to rays at different angles as well as possible effects due to the
about —120°C, as monitored by a thermocouggkee Fig. eccentricity of the circular rail track and changes in the av-
1). erage beam spot position.

Coincidence measurements were performed by keeping a To deduce the experimental correlation functldf{ 6),
detector fixed and positioning the two mobile detectors afor each cascade of interest the number of coincidences has
angles of 90°, 125°, 180°, 225°, and 270° relative to thebeen divided by a coefficient obtained by normalizing the
fixed one(the brace of the fixed detector could be lifted so ascoincidence intensities of a knowB2-E2 cascadghaving
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FIG. 3. Angular correlation plots of the indicated transitiongifPd. On the left, plots of? versus arctar] for the upper transition in
the cascade indicated in each panel. Different curves refer to different hypotheses on the spin value of the uppermost state in the cascade.
On the right, the angular correlation function corresponding to the minirptiralue of § is plotted together with the experimental points.
The function corresponding to the selected spin value is reported as a full line, that of the alternative value as a dashed line.

the lower transition in common with the cascade of intgrest When the spin of the upper level was unknown, the same
to the corresponding theoretical correlation function. procedure was repeated for each spin value compatible with
For eachy-y cascade two independent sets of values othe information previously available and the constraints de-
W(6) have been deduced, corresponding to the two mobiléived in the present worksee Sec. Il €
detectors; the weighted average was then taken to obtain a Typical angular correlation plots are shown on the right-
single angular correlation function. In afty cascades con- hand side of Figs. 2 and 3 and the corresponding plojg”of
sidered in the angular correlation analysis, the lower transiYersus arctard] are plotted on the left-hand side. The results
tion has a pureE2 multipolarity, so that only the mixing of the present work ar.e.sumrr!anzed in Table I. The_ quoted
ratio of the upper transition and, in some cases, the spin dfncertainties on t_he rr12|X|ng ratios cqrrespon_d to t2he n;tersec-
the upper level are unknown. t|0{1 of the function y“(arctang)) with the line x“= xmin
To evaluate the mixing ratio of the upper transition when™ 1 . .
the spin sequence of th?a cascade of irr)ft)erest was known, .a In the particular case of the level at 2276 keV, for which

minimum 2 procedure has been adopted. based on a fit t't has been possible to measure angular correlations for two
the COI’I’e|E)i(tiO$1 function pted, ifferent deexciting cascades, the overall likelihood ratio

(higher than 5 to JLfavors theJ=1 hypothesis with respect
W(8) =1+ QA 8) Po(COSH) + Q4A 4 8) P4(COSH). to t?eJ=dZ one, so that the assignmeht 1 is clearly to be
preferred.
Here Q, are the attenuation factors ang, are given as a The assignment=4 to the 2571 keV levels has also been
function of 8, according to the Krane-StefféB8] phase con- based on the likelihood ratio.
vention. The values o, have been numerically evaluated  The comparison with previously measured valuessof
following Ref.[9]. (also given in Table)lshows good agreement in three cases
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TABLE |. Data relevant to they-y angular correlation measurements'fiPd. In the first three columns
are given the quantities that identify the cascades, as taken frorflRgfln the fourth and fifth columns are
reported the spin values of the initial level in the cascade ancE2i® 1 mixing ratios obtained in the
present work. In the sixth column are shown thealues from previous workl0]. For y transitions from
levels having two possible spin assignments the two corresponding valdearefreported.

Level (keV) Cascade Jsequence J; S (this work) S [10]
1342 786-556 2-2-0 -32+1% -4.8(42)
1794 1238-556 2-2-0 +0.1409)

1821 1265-556 3-2-0 -15%%, 0.237) or |8|>13
2082 759-768 4-4-2 —0.90(14) —0.84(24)
2182 858-768 4-4-2 +0.0510) 0.4530)
2244 1689-556 2-2-0 —0.13(7)
2265 942-768 4-4-2 —3.5(8) —0.64(14) or 5.3
2276 1721-556 2-2-0 1 —0.16(3)
935-1342 2-2-0 1 —0.14(7)
2338 996-1342 2-2-0 2 -3.1(9)
2444 1120-768 46-4-2 5  —0.35(15) or—3.9"}7
2533 1977-556 (1,2,3-2-0 2 -5(2)
2571 1247-768 —4-2 4 —0.867)
2695 2139-556 2-2-0 —0.11(6)
2774 1451-768 4-4-2 -0.9°5%
2868 1545-768 —4-2 (4 —0.90(13)
2924 1600-768 (4,56-4-2 4,5 —0.5(6), 0.814)
2975 2420-556 (1,2,3-2-0 2, 0.077), 0.42)
3078 2522-556 3-2-0 2,3 —2.1(5), 0.64)
3105 1782768 4-4-2 0.2410) or —1.4(3)
3113 863-926 56-6-4 56 —0.508), —0.28(8)
3137 1814-768 4-4-2 —0.5(4)
3158 908-926 4-6-4 5,6 —0.256), 0.349)
3183 2627-556 -2-0 2,3 —0.11(9), 0.84)
3310 1986768 46-4-2 4 —1.4(6)

while our value fors(3] — 27 ; 1265 keVj is only consistent the magnetic transport system is 18%. Gamma rays were
with the upper limit of Ref[10] and that of5(4, —4, ; 942  recorded, simultaneously with electrons, by means of a HP
keV) is not consistent with the value reported in Rgf0]. Ge detectofplaced 80 cm away from the targétaving a 2.2
To check the decay scheme ¥¥fPd, they-y coincidence  keV resolution at 1.3 MeV and a 25% relative efficiency.
spectra recorded at different angles were added up. Singl&ectron andy-ray spectra were corrected for dead time ef-
y-ray energy spectra were also utilized to check or evaluatéects, on the basis of the real time and live time given by the
the branchings of the transitions deexciting the levels of in-acquisition system. The target, kept at a fixed position, was
terest. in thermal contact with a cold finger connected to a liquid
nitrogen reservoir.
B. Conversion-electron measurements As a first step, a check of the transmission curve of the

. agnetic transport system was obtained by measuring the
Conversion-electron measurements have been performen@ N o
ectron peak area of the 556 keV; 2:0; transition for

to determineK internal conversion coefficients, to investi- e_ o s
gate EO transitions between ‘0 states and to evaluae0 different magnetic field settings. Measurements have been

components of transitions connecting states having the sanf¢rformed by alternating a 2700 s bombarding period, fol-
spin. Conversion electrons were measured by means of lgwed by a 120 s waiting time to allow for the decay of
magnetic transport systefdescribed in Ref[11]) coupled short-lived isotopes, and a 2700 s measuring time. In this
with a 5 cnfx6 mm SiLi) detector cooled down to liquid Case, it has been possible to improve the duty retocom-
nitrogen temperature. The energy resolution at 1 MeV wagared to they-y coincidence measuremeptdy increasing

~2 keV (FWHM). The overall full energy peak efficiency of the counting rate on the &i) detector since the distant ge-
the system(at the maximum of the transmission cuyve ometry adopted for the germanium detector prevents over-
turned out to be constafto within 2%) at a value of about loading in they counting. Energy spectra of conversion elec-
1% over the 150—-1200 keV energy range and to drop tdrons were recorded for different magnetic field settings
about 0.3% at 1.8 MeV. Thap/p momentum acceptance of chosen so as to span the whole energy range 150-2300 keV,
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FIG. 4. Sections of the electron-energy spectra, recorded for different magnetic field séttoars;ersion andl(+ M)-conversion lines
are labeled by vertical labels.

with partial overlapping of the acceptance window between The experimental results obtained in this work for the
consecutive measurements. K-conversion coefficients are summarized in Table Il. The
The experimental values of the interi&@lconversion co- quoted errors correspond to one standard deviation. From a
efficients, ok, have been deduced by using thermalized comparison of these values with the theoretical A&} for
peak-to-gammaNPG) method[12]. The expression fork E1l, M1, andE2 multipolarities(given in the same tablet
is given by has been possible to assign the parity to several levels. In
some cases information off(E2/M1) for a mixed transi-
Ik(E) 7¢(Er) 1,(Er) 7,(E) tion between states of known spin and parity has been ob-

ax(B)= Ik(Er) 7e(E) I (E) 7,(Eg) ax(Br) (D fined by comparing the experimental valueagf with the
expression
wherel andl, are the peak areas in the energy spectra of ax(M1)+ 62 ay(E2)
electrons andy rays, », and 7, are the full-energy-peak ag= K K (2)

2
efficiencies ofK conversion andy-ray lines at the energy of (1+5%)

interestE and at the energy of the reference liBg, while A few examples of the determination afl are shown in Fig.

a(Eg) is the K-conyersion coefficient of the reference line 5; the results obtained in this way are also reported in Table
of known multipolarity. ”’ in italics

In all cases it has been possible, by a proper setting of the Measurements of internal conversion electrons can also

magnetic field, to record simultaneously - both theprovide information on the decay properties of Gtates
K-conversion line of interest and th&conversion line of a S . . o :
through the determination of intensity rr:xtnq;lzfj—lK(Oi

strong reference transition lying close in energy. Since the

+ + + ;
magnetic field has been set to have the maximum transmis=, 01 )/1x(0i —2;7). Indeed, the electric monopole strength

2 At +y 2 -
sion for the line of interest, in a few cases a correction P (E0;07 —0y) is related toqjy; and to the lifetimer of the

larger than 20%had to be applied to take into account the 0; level by the expression

reduced transmission for the reference line. Typical electron 2
spectra, acquired for different magnetic field settings, are 2(E0,0_+_>0+):qifjaK(E2) &)
shown in Fig. 4. P i f QT
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TABLE Il. Spectroscopic data relevant to the levels'fiPd, populated in the EG-" decay of'%*Ag. Excitation energies and transition
energies in the first and third columns are taken from RE3], except for those given with the error, which are from the present work.
Information on spin and parity given in the second and fourth columns are fron{ F&&f.Relative photon branching from each level, as
determined in the present work, are given in the fifth column. Theoretical vEl@gfor K-internal conversion coefficients units of 10 )
for the indicated multipolarities of the relevant transitions are listed in the sixth, seventh, and eighth columns. Tht3arfoltipolarity
are not reported since in no case the experimental value turns out to be compatible with the thearétik®) value. The experimental
values obtained in the present work are given in the ninth column while data from previous works are listed in the tenth column. The symbol
® in the ninth column indicates the transitions used for normalizationimeasurements via tHeéPG method(see text Values or limits
of E2/M1 mixing ratios obtained in the present work are given in the eleventh colbeme data in italics refer to absolute valuesspf
Information on spin and parity obtained in the present work is reported in the twelfth column; the letters in the last column refer to the
arguments on which such assignments are béseel text for details

E (keV) J7 E, (kev) J7 % ak(E1l) ax(E2) ayx(M1) ag ? ag 6 J™ Comments

555.8 27 555.8 0 100 3.85 ®

1323.6 a7 767.7 27 100 1.65 ®

1333.6 05 7778 27 100

1341.7 25 7859 27 100 1.56 1.73 1.68) 1.7921)° -32°15,
1341.7  0; 7813 0.417 ®

1792.9 05 4511 25 7.522)
1237.2 27 100

1794.3 25 460.5 05 2.56)
1238.0 27 100 0.555 0.631 0.5789) 0.648)° +0.149)
17940 07 10(1)

1820.7 3; 4791 25 241 5.88 549 5382 73)° <1.2
497.8 4] 5.7(7) 5.26 5.00 51)
1265.0 27 100 0531  0.602 0.5680) 0.618)° —15'S,

2082.4 4; 740.7 2, 100
7588 47 97(5 1.70 1.87 1.8®) 1.7022° —0.90(14)
1526.6 27 994) 0.367 ®

2139.62) 05 1583.82) 27 100

2181.6 43 387.32) 25 2303
839.7 25 111
857.9 47 100 1.26 1.42 1.49) 1.4316)°® +0.05(10)
16258 27 5003 0.327 0.35235 0.273)°

2193.4 (4) 16375 27 100  0.161 0.322  0.357 <0.189 3 (b)

2244.9 2; 1689.0 27 100 0.305  0.336 0.3240) -0.13(7)

2249.5 6, 926.2 4 100 1.05 ®

2265.3 a; 1832 47 1.0 135 63.5 686) <0.4
4445 37 6.66) 7.34 659  7.2@7 11(2)° >1.2
9233 25 272 1.06 1.20 1.088)
9417 47 100 1.01 1.15 1.06) 1.1814° —3.5(8)
1708.0 27 0.708)

2276.5 1,2 48354 0 801 1* @
9346 25 223 —0.14(7)
942.05 0, 24(11)
1720.8 27 7503 0.295 0.324 0.3052 0.4510)° —0.16(3)
2276.7 0; 100

2298.9 4 116.3 4, 54(30)

2156 45 8317
9742 47 100
2337.9 12" 996.1 2, 202 -3.1(9) 2 (@
1781.8 27 100
23380 0 394

24445 45t 6" 179.3 47  36(6) 145 67.3 68.85) <0.25 5% €)
263.2 43 26(3) 39.1 245 3 54(16) © 0.8(4)
362.3 47 50(7) 13.8 10.9 9.®) 13(3) © M1
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TABLE Il. (Continued.

E (keV) J7 E, kev) J7 %  ag(El) ax(E2) ax(M1) ag ? ag 1) J7 Comments
623.2 3] 100 2.82 294  2.746)
11205 47 396) 0.687 0785 0.7@3 —0.35(15)

2456.6 (1,23 11331 4; 8313 0.299 0.670 0.766 0.139 or —3.9°%7 3 (c),(d),(e)
1900.9 2] 100 0.128 0.247 0.269 0.4

2521.4 28 11793 2; 100
1965.6 2] 67(14)

25334  (1,2,3 11915 2; 1703 2+ (@(b)
19775 2] 100 0.121 0.230 0.249 0.2 -5(2)

2570.92) 1247.32) 4] 100 0.251 0547 0.621 0.5@6) 1.0947)° —0.80(7) & (@),(b),(c)

2572.62) 1231.G2) 2; 100 0.258 0.562 0.639 0.88) 1,253"  (b),(c)
2016.82) 27 64(14)

2613.4 2°,3" 12717 2; 100 2t (e)
26134 0; 194

26222 (1,23 12978 4; 100 0.234 0503 0.570 0.80D) 2+,3" (b),(c)

2642.6 4 13000 25 1503
13182 4] 100 0.228 0.488 0522 0.B8)

2677.8 4 13543 4 100

2695.0 2" 21392 27 100 -0.11(6)

27148 (456 13726 2, 100 0.211 0444 0.500 0.88) 34" (b),(0)
2158.9 27 2510

27715 2215.6 27 100

27745 4 14512 47 100 0.194 0404 0.452 0.463) -0.953
22183 27 82 0101 0.186 0.199 0.2088)

2800.5 4 22446 27 100

2803.72) 1480.12) 4 100 0.188 0.389 0434 0.8 47 56"  (b)(0)

2868.47) 618.62) 6, 100  1.03 2.89 3.00 3.377 4" (a),(b)
1545.23) 4] 80550 0.175 0.358 0.399 0.395 —-0.90(13)

28752 (4,56 15516 4; 100 0.174 0356  0.395 0.4 456"  (b),(c),d)

29183  (1,2,3) 1576.12) 25 7(1) 1727 (c),(d),(e
1584.33) 05 10(5)
2362.4 27 100

29242  (4,56) 659.3 4, 394 2.43 258  2.3(85 4% 5* (@
742.33) 4; 204
1600.0 4] 100 0.336  0.372 0.3681)

29755  (1,2,3 699.04) 17 6(D 2,3 (@
1154.42) 3] 102
2419.6 27 100

2993.6 4 16521 25 100 12,3 (0,(d)
24373 2] 7437

3008.3  (1,2%) 24522 27 100

3034.0 (1,2%) 2478.32) 2; 36(1) 1,2 (0),d),(e
3034.0 0] 100

3078.5 2°,3" 128372 25 5(4)
2522.7 27 100

3105.0 & 806.32) 4~ 9.99 0582 1.47 1.63  0.63
1022.9 45 202 0.840 0.960 0.845 0.7013°
1283.9 3] 194 0.514 0583 0.50098)
1763.1 25 18.95)
17818 47 100 —1.4(3)
2549.0 27 2.24) or +0.24(10)

3112.8 5,67 847.55) 4, 41
863.0 6; 100 1.24 1.40 1310 1.6919°
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TABLE Il. (Continued.

E (keV) J7 E, (kev) J7 % ak(ELl) ag(E2) ax(M1) ag ? ag 6 J™ Comments
1031.G2) 45 5.007)
1789.23) 4; 3.24)
3136.9 & 872.02) 4,  26(6) 1.21 1.37 1283
955.3 4  528) 0982 112 1.086)
1813.7  4; 100 0.269  0.294 0.3080) —0.5(4)
25823 27 8(1)
3157.9 & 289.06) (4)" 205 29.5 19.8 101) <15 576" (a,b)
8926 4; 132 1.15 1.30  1.015 >4
908.0  6; 100 1.10 1.25 118 1.2915° 0.953
10753 4, 5598 0.752  0.860 0.77a1) 1.0013)° 2.271¢
1835.0  4; 3.36)
3182.63) 1388.33) 25 1701 2,3 @
1841.G4) 25 7.3(5)
2627.13) 2] 100
32135 1,27,3" 142052 05 7(2) 2" (e
1880.13) 05 2.52)
1889.91) 4; 2802 0.250  0.272 0.300)
26575 27 233
32136 0 100
3285.4 4  1490.82) 25 11.59) 1,2¢ (e
27295 27 100
3285.63) O; 3.505)
3309.6 456 1986.0 4; 100 -1.4(6) 4 @
33338 (3.4) 27779 2f 100
34080 1,2°3" 20659 25  1572) 17,2 (e
28525 27 1901
3407.8 0] 100
3474.4 4 20188 27 100 1,2 (0),d),(®
34739 0, 525
3608.5 1343.8) 4; 10024 4% (0),d),(®

1787.63) 37  38(5)
2267.35) 25  434)
22841 4 17(4)

3Present work.
bReferencg17].
‘Referencd22].

where() is the electronic factor for thi conversion of the tron lines were derived from spectra recorded at different
EO transition(tabulated, e.g., in Refl14]) and o is theK- times. The analysis of the§f0—>01+ K-electron line(1768.5
internal conversion coefficient of thg"0-2;" transition. If  keV) was made difficult by the presence in the electron spec-
the lifetime of the level is unknown, one can still deduce thetrum of the 1769.9 keV line from th& conversion of the
ratio X;¢; of the electric monopolB(E0;0;" —0;) to the 23 —0; transition. As a consequence, only an upper limit
electric quadrupoIB(EZ;Ofr—Qj*) reduced transition prob- (95% confidence levelcould be given forq%ll. The ratios
abilities via the expressiofL5] qﬁj for the relevant transitions turn out to be

ax(E2)q3

Xi¢: = 2.56x 10°A*PE MeV .
ifj 'y[ ] QK[Sfl]

) 02,,=0.203) and q2,,<0.07

In the analysis we have considered the decay of the 0 gnd the correspondin;;; values are
and 0; states. To deduorqqzfj each electron energy spectrum J
was normalized to the intensity of the simultaneously re-
corded QF—>2;r v transition since the intensities of the elec- X511=0.0294) and X31;=0.02.
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FIG. 5. The calculated curves af as a function of 8|, for the
263 keV (from the 2444 keV leveland 908 keV(from the 3158

keV leve) transitions are compared with the experimental value of.

ak . The error bar corresponds to one standard deviation.

From the known valug¢l6] of the lifetime[ 7=7.5(7) pg of
the O, level we derived the value of the electric monopole
strength

p?(E0;0, —0;)=0.0142).

The value ofqg3,, is larger than thaf0.0345)] reported in
Ref.[17] and the value oK,,; is larger than thaf0.01234)]
given in Ref[18]. We have no explanation for such different
values. We only note that the authors of R&f7] find a quite
different value ofg3,, in 1°Pd[0.246)], close to our value
for g3,, in *%Pd, and that the comparison Kfconversion
coefficients(where possiblebetween our values and those
reported in Ref[17] (see Table Nl shows no discrepancy.

Information on theE0 component of a transition between
two states of the same(# 0) and parity can be obtained by
comparing the experimental value @ with the theoretical
value corresponding to a transition havieg, M1, andE2
multipole components

:aK(M1)+(1+ a%;) 0%ay(E2)
(1+ 6% '

©)

ag

PHYSICAL REVIEW C 63 064313

Notice that, compared to E€R), there is the additional fac-
tor (1+ qisz) whereqizff is the intensity ratio oK-conversion
electrons for the monopole and quadrupole components of
the J,— J; transition. If 6% is independently known, it may
be possible to deduaquff and thenX;;¢ ; when the lifetime
of the level is also known one can dedys&E0;J;— J;).

By using in Eq.(5) the values we have measured teg
andé and the known lifetimes of the;2and 4, levels[16],
the value or the upper limi©95% confidence levebf X and
p for the indicated transitions has been obtained:

X(E0;2; —27)=0.08669),
p*(E0;2; —21)=0.01Q8),
X(E0;4, —4,)=<0.05, p?(E0;4, —4,)<0.09,
X(EOQ;45 —4,)<25,
X(EO;4, —47)<0.086.

C. Decay scheme

The new spectroscopic information on branching ratios,
K-conversion coefficients, mixing ratios, and spin parity in
104pd is summarized in Table Il together with previously
available experimental data from studies of the £Cdecay
of 1%Ag. Figures 6 and 7 show the level scheme based on
the results of the present work.

For several levels new spin-parity assignments, reported
in the last column of Table Il, have been obtained. They
were deduced on the basis of the following points.

(@) The results of angular correlation measurements.

(b) The comparison between theoretical and experimental
values ofK-conversion coefficients.

(c) The assessment whether each level of interest is popu-
lated from the 5 and/or from the 2 state of 1%Ag. This
information has been obtained by checking, as a function of
time, the intensity ratio of the deexciting rays to a refer-
ence y-ray deexciting a level that is known to be strongly
populated only by either the'Sor the 2" level of 1%Ag.

(d) The values of lodt (from the present work and Ref.
[16]). In the calculation of lodt the usual practic¢l6] of
utilizing the integral Fermi functiorfwith Coulomb correc-
tions) for allowed transition$19] has been adopted. Restric-
tion on the spin of the levels of the daughter nucleus have
been derived on the basis of the distribution of the available
experimental lodt values summarized in R€f20].

(e) The assumption that in the decay of a given level an
E3 or M3 transition would have a negligible intensity with
respect to that oE1, M1, E2 transitions of similar energy.

Compared to the decay scheme reported in Riéf] we
find a number of differences that are listed below:

The 2140 keV 0" level observed in light particle reac-
tions[16] and not reported in previous studies of the BC-
decay of 1%Ag, turns out to be very weakly populated
(0.03% in the decay of the 2 state of 19%Ag.
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Four new levels a573, 2804, 2868, and 3183 kéve 3115.6, 3116.3, 3193, 3280, 4009, and 4030 .kkVfact
been identified by analyzing the coincidence data. In particunone of the deexciting transitiogvhich, assuming the in-
lar, we establish a close doublet of levels at an energy arountnsity reported in Ref.16], should have been far above the
2570 keV, where Ref[16] reports just a single level at sensitivity threshold of our apparajuis observed either in
2570.34) keV of spin parity 4", populated from both the2  the singles or coincidence spectra.

(1.2% and 5" (0.75% states of'%Ag. For this level, that For a few levels the feeding observed in the present work
we found to be populated only from the" Sstate of 1%Ag  is quite different from that reported in Refl6]: level at
(0.41%, logft=6.8), we measure an energy2570.9(2) kevV 2521 keV 0.05% feeding instead of 0.21%gvel at 2622
and assigrd=4 from angular correlation measurements. ThekeV, 0.03% feeding instead of 0.9%gvel at 2613 keyVre-
other member of the doublet 3672.6 keMvas found to be ported as populated 0.06% in the decay of the Sate of
populated0.40%, logft=6.5) only by the 2 state of'*Ag  104ag is found to be fed0.27% only in the decay of the 2

and to deexcite to the;2and 2 levels. state;level at 2642 reported to be populated 0.075% in the

The 2804 and 2868 keV levetse found to be fed only in  decay of the 2 state of 1%Ag is found to be fed0.21%
the decay of the 5 state of '**Ag, with an intensity 0.23% only in the decay of the 5 state;level at 2715 keMreported

and 0.07% and loét=6.9 and 7.4, respectively. to be populated from both the'2and 5" state of *‘Ag is
The 3183 keV leveis populated1.0%, logft=6.0) only  found to be fed0.02% only in the decay of the 5 state of
in the decay of the 2 state of 1%Ag. 1040,
In the evaluations of the feedings of these levals well As to the y branching ratios for the individual levels,

as those of the levels mentioned bejawe known feedings ; :
. there is a general satisfactory agreement between our data
of the 2875 keV and 2695 keV levels populated only in theand those of previous works, apart from the obvious differ-

104 H
decay of the 5 and of the 2 state of ™Ag, respectively, ._ences due to the new transitions identified and/or differently
have been utilized as reference values and no renormahza-Iaced in the present work. However. there are also some
tion has been performed. P P ' '

The existence of thdevel at 3608 keVtentatively re- noticeable discrepancies on which we comment hereafter.

ported in Refs[16,21 is confrmed by our data. Indeed, (1) The intensity of the 498 keV,3—4; transition with

three new transitions from this level to thg 43; , and 27 ~ Was measured to be a factor 13 lower than that reported in

levels have been identified. The level is only populatedRef-[16]. . N
(0.47%, logft=5.9) in the decay of the 5 state of 1*Ag. (ii) The intensity of the 179 keV transition from tR2d44
The presence of a transition to thé Zevel in competition keV levelrelative to the 623 keV transition is found to be

with a transition of similar energy to the/4level allows one about a factor 18 larger than that reported in R&6]; more-

to safely exclude the negative parity. The decay mode of thi§Ver» We note that the 1890 keV transition, previously re-

level then restricts its spin value to 4. ported to deexcite the 2444 keV level to thg &tate(which
From the analysis of the coincidence spectra the followindS incompatible with the present assignmeht5 to thf

levels, reported in Ref{16], have been canceled from the former leve), turns out to be in coincidence with the 4

decay scheme. — 27 transition and is therefore assigned to the decay of the
(1) 1941 keV leveMe found no evidence for a 617.6 keV 3213 keV level to the # level.
line (the only one reported as deexciting this Igviel coin- (i) No evidence has been found for transitions from the

cidence with the 4—2; transition, whereas we assign a 2298 and 2643 keV levels the 2 state, from the245 and

618.6 keV transition, seen in several gated spe@rg., in 3334 keV levelso the 25 state, from the2715 keV leveto

the 6] —4; gate to the newly found level at 2868 keV.  the 0y , 4, states, from th@994 keV leveto the 4 state,
(2) 2479 and 2627 keV level&or both levels a partial from the 3008 keV leveto the O] state.

decay to the § level has been reported in RgL6], whereas In five cases we disagree with the spin-parity reported in
we found the 2478.3 and 2627.1 keV transitions to be irnRef.[16].
coincidence with the 2—0; transition. Moreover, we can- 2193 keV levelOn the basis of the present upper limit for

not confirm the decay of these levels to the2vel since no  the ay of the 1638 keV transition, we agree with the 3
evidence was found for the 1924 and 2070 kelines either ~ assignment given in Reff21,18, whereas d"=4" is sug-
in the gated or in the singles spectra. On the other hand, thgested in Ref[16].
sums (2478.3 + 555.69 keV and (2627.1 + 555.6 keV 2994 keV levellt is populated only from the 2 state of
match, within the experimental uncertainty, the energy of the'/Ag (0.05% instead of 0.23% as given in RgL6]); the
levels at 3034.(5) keV, reported in Ref[16], and that of the computed lodt is 7.1, so that the possible spin values are
newly found level at 3182(8) keV, respectively. restricted to 1, 2, or 3, incompatible with the previalis4
(3) 3590 keV levelThe 2267 keV transition, reported in assignment.
Ref.[16] as the only one deexciting this level, turns out to be 3158 keV level The previous spin assignmeft4 is
in coincidence with the 2— 2 keV transition and was as- ruled out by the results of the angular correlation measure-
signed to the 3608.5 keV levésee above ments(see Table)las well as by the larg®1 component in
We did not find any evidence for the feeding of fegels  the 908 keV transition to the 6 level, as implied by the
at 1999, 2492, 2760, 2767, 2810, 2960, 3098, 3113.3measured value df|.
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3285 and 3474 keV level§he presence of the deexciting been gained. Information ofOQ transitions between 0
transition to the ¢ state, together with the fact that they are states and between states havihg:J;#0 has also been
populated only in the E" decay of the 2 state in’®Ag  obtained.

(as checked in this wojkrules out the previous 4 assign- The new experimental information obtained in the present
ment and restricts the spin value to 1 or 2. work on spin-parity and decay properties of levels'HPd

will be exploited in a detailed phenomenological study of

IIl. CONCLUSIONS this nucleus. This analysis, performed in the framework of

_ o ~ the IBA-2 model, will focus on the identification of mixed-
To summarize,y-y coincidence and angular correlation symmetry states and will be presented in a forthcoming pa-
measurements as well ag measurements have been per-per.

formed in 1%Pd populated in the E@" decay of 1%Ag.
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