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I. INTRODUCTION

The transitional even-A Pd nuclei (with Z = 46), in the A ∼ 100 region close to the Z = N = 50 shell closures,

present excellent opportunities to study the interplay between single-particle and collective degrees of freedom, and

have been recently investigated both experimentally and theoretically [1–4]. For the specific case of the radioactive

100
46 Pd54 nucleus (T1/2 = 3.63 d), excited states have been explored using γ-ray spectroscopy. In a recent work by

Radeck et al., the authors used the fusion-evaporation reaction 99Ru(3He,2n)100Pd to populate and study states in

100Pd [4]. The 2+1 , 4
+
1 , 6

+
1 sequence of yrast states, at almost equally spaced energies, strongly suggests the signature

of an almost pure vibrational behavior. The corresponding experimental B(E2) values, larger than 20 W.u., show

a collective enhancement that is consistent with the vibrational picture. Sambataro and Dieperink [5] carried out

a theoretical study of the g factors of the 2+1 states for nuclei in this region, using the collective Interacting Boson

Approximation-2 (IBA-2). They obtained for 100Pd a value of g(2+1 ) = +0.4, close to the prediction of the simple

collective model of gcollective = Z/A = 0.46. On the other hand, large-scale shell-model calculations for 100Pd yield

good agreement with the experimental excitation energies and B(E2) transition strengths [4, 6]. The proximity of

this nucleus to the Z = N = 50 shell closures suggests that a single-particle picture may indeed be relevant. Until

now, no experimental information on g factors was available for 100Pd.

Since neither an intense beam nor a target of the radioactive 100Pd isotope is currently available, it is not possible

to perform experiments on this nucleus using Coulomb excitation reactions in inverse or conventional kinematics.

However, 100Pd nuclei can be produced by the transfer of one α particle from a carbon target to the beam ions of

96Ru nuclei. This reaction favors the population of low-spin states, with some spin alignment and with appreciable

recoil velocities which permit the application of the transient field technique in inverse kinematic conditions. The

Bonn group has previously used α-transfer reactions to study g factors in radioactive isotopes in the A ∼ 40 [7, 8]

and A ∼ 60 [9, 10] regions.

In the present work, the α-transfer technique has been extended to the A ∼ 100 region. The current paper reports

on the g-factor measurements of the 2+1 and 4+1 states in the radioactive 100Pd nucleus. Simultaneously, the g factors

of the 2+1 and the 4+1 states of 96Ru were measured by Coulomb excitation of the beam. These latter results will be

discussed in a forthcoming paper [11].
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II. EXPERIMENTAL PROCEDURE AND DATA ANALYSIS

The interaction of the nuclear magnetic moment of a given nuclear state with the transient magnetic field results

in a spin precession proportional to the g factor of this state [12]. The experimental setup is schematically shown in

Fig. 1.
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FIG. 1. The setup used in the experiment. Clover detectors 2 and 3 were placed at ± 67◦ with respect to the beam, while

clovers 1 and 4 were placed at ± 113◦. The particle detector was positioned behind the target.

1. Reaction

Excited states in 100Pd were populated using the reaction 12C(96Ru,8 Be)100Pd. An isotopically pure beam of

96Ru, with intensities of ∼ 1 pnA, was accelerated to an energy of 350 MeV at the ESTU Tandem accelerator of the

Wright Nuclear Structure Laboratory at Yale University. The experiment utilized a multilayered target consisting of

0.61 mg/cm2 of carbon, deposited on 6.42 mg/cm2 of gadolinium, which in turn was evaporated on a 1.0 mg/cm2

thick tantalum foil, backed by 5.6 mg/cm2 of copper. The evaporation of the gadolinium layer on the tantalum foil

provides the best magnetic properties for the target [13]. The 12C layer provides the environment for both α-transfer
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and Coulomb-excitation reactions, producing highly forward-focused 12C ions and α particles from the decay of 8Be,

with distinct energies for each reaction. The α-transfer reaction occurs at beam energies just above the Coulomb

barrier (∼ 335 MeV), with one α particle being transferred from a 12C nucleus to a 96Ru nucleus, forming 100Pd. The

residual 8Be nucleus is unstable and decays within 10−16 s into two α particles [9, 14] which are detected by a particle

detector located in the forward direction, behind the target (see Fig. 1). Due to the inverse kinematics of the reaction,

the 100Pd nuclei travel forward through the gadolinium layer of the target at high velocities (〈v〉 ∼ 0.05 c). The

nuclear spins of the 100Pd excited states precess in the transient magnetic field (TF) of the gadolinium layer [12]. The

transit time of the 100Pd ions through the gadolinium layer is about 0.6 ps. The 100Pd nuclei are subsequently stopped

in the hyperfine-interaction-free copper backing. The 96Ru beam itself was stopped by an additional 11.2 mg/cm2

copper foil placed downstream from the target.

2. External magnetic field

The orientation of the TF is controlled by the direction of the magnetic field in the gadolinium layer. The mag-

netization was maintained by an external magnetic field, Bext = 0.07 T, applied alternately in the up (↑) and down

(↓) directions with respect to the γ-ray detection plane. The external magnetic field direction was changed every

136 sec. The magnetization M of the target was measured, offline, as a function of the temperature, before the

experiment, in an AC magnetometer [15]. It was found to be M = 0.1795 tesla, and approximately constant between

50 K and 120 K. During the experiment, the conditions were chosen to minimize the heating of the target above

120 K, where the magnetization of the gadolinium is reduced. There is, as of now, no reliable method to measure the

actual temperature of the beam spot. Hence, the target frame was kept at 60 K by a closed-cycle Displex Cryocooler;

a low beam current was utilized (< 1pnA) with a large and defocussed beam profile (a 4 mm diameter collimator

was used). A cylindrical copper cooling shield, with an opening for the beam and an exit for the light particles, was

placed around the target [1].

3. Gamma-ray and particle detection

The gamma rays corresponding to the de-excitation of the states of the 100Pd nucleus were detected in four Canberra

clover HP-Ge detectors, placed at symmetrical angles around the center of the target (see Fig. 1). Each clover is

composed of four non-segmented HPGe crystals (Eurogam Clover type in Ref. [16]). The clover detectors were
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all located at distances of about 130 mm from the target. Clover detectors 2 and 3 were placed at ± 67◦ with

respect to the beam, while clovers 1 and 4 were placed at ± 113◦. The scattered light particles were detected in a

circular (300 mm2) PIPS Canberra Silicon detector subtending an angle of ± 26◦. Particle and γ-ray energies were

recorded, with their respective time stamps, as single events, using a PIXIE-4 digital pulse-processing multichannel

data-acquisition system from XIA [17]. Particle-γ ray and γ-γ coincidence matrices were constructed off-line using

the time difference information between events. The analysis employed the spectrum analysis codes XSA [18] and

Tv [19].

FIG. 2. The 100Pd low-energy level scheme and the relevant γ-ray transitions observed in this experiment. The widths of the

transition arrows are proportional to the observed intensities. All energies are in keV.

Figure 2 presents the partial level scheme of 100Pd, based on the γ-ray transitions observed in this experiment,

and constructed from the γ-γ and the particle-γ coincidence matrices. This level scheme is in agreement with recent

results by Radeck et al. [4]. Figure 3 displays different particle projections from the particle-γ coincidence matrix.

The peaks labeled 1 and 2 (Fig. 3b) correspond to the detection of one and two α particles respectively, while the

broad high energy peak (Fig. 3c) corresponds to carbon nuclei scattered in the Coulomb excitation process. Figure

4 shows the cleanest 100Pd γ-ray spectrum obtained by setting a particle gate on the two-α peak.

4. Measurement of the precession angle, ∆θexp

The measured precession angle, ∆θexp = ǫexp/S(θγ)
exp [12], is given by the ratio of the precession effect (ǫexp) to

the logarithmic slope (S(θγ)
exp) of the angular correlation of the gamma radiation evaluated at the angle θγ ,

S(θγ)
exp =

1

W (θγ)
·
dW (θ)

dθ

∣

∣

∣

∣

θ=θγ

, (1)
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were added (Compton add-back). The gate on the α particles is shown in the upper-right corner of the spectrum. The γ

spectrum is dominated by the 2+1 → 0+1 and 4+1 → 2+1 transitions.
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where the angle θγ is measured with respect to the beam axis, and is determined in the rest frame of the γ-emitting

nuclei. The particle-γ ray angular correlation function is given by [20, 21]

W (θ) = 1 +A2 ·Q2 · P2(cos θ) +A4 ·Q4 · P4(cos θ). (2)

Here the Pk(cos θ) are Legendre polynomials of degree k, the Ak are the angular-correlation coefficients which depend

on the multipolarity of the γ-ray transition, and the Qk are the geometrical attenuation coefficients. The angular

correlation coefficients can be determined from the precession data [22]. Anisotropy data were derived from the

individual Ge crystals inside the clover detectors. The latter approach enables the use of the full statistics of the

precession data. However, the angle θ in Eq. (2) is evaluated at two values (67◦± 8◦, where 8◦ is the separation angle

of the clover segments).

Nevertheless, an independent angular correlation measurement was carried out in a separate experiment to extend

the angular range and to confirm the logarithmic slope. This experiment used a 96Ru beam of 340 MeV, with a

different multilayered target consisting of 0.45 mg/cm2 of carbon, deposited on 4.16 mg/cm2 of iron, backed by

5.49 mg/cm2 of copper. The clover detectors 1 and 2 were kept stationary and used for normalization, while clovers

3 and 4 were moved through a range of angles in steps of 5 and 10 degrees. The measured intensities of the 2+1 → 0+1

transition in clovers 3 and 4, after correcting for the relative efficiencies, are shown in Fig. 5.

The logarithmic slopes from the two experiments agree with each other and were combined for the calculation of

the precession angle. In 100Pd small S(67◦)exp values of −0.32(5) and −0.55(4) were obtained for the 2+1 → 0+1 and

the 4+1 → 2+1 transitions, respectively. In contrast, for 96Ru, a value of S(67◦)exp = −1.85(5) was measured for the

2+1 → 0+1 γ-ray transition in the latter independent angular correlation measurement. It is noted that the measured

slopes for the α-transfer channel that were obtained in the present investigation are similar to the corresponding data

obtained by the Bonn group for several other nuclei [7–10].

The slope for the 4+1 state has a larger value than the slope for the 2+1 state. This characteristic has been observed

not only in previous work on α-transfer reactions [9], but also on fusion-evaporation reactions [9, 23–25]. In contrast,

Coulomb excitation reactions exhibit a lower slope for the 4+1 state than for the 2+1 state [1, 22, 26–29]. The population

mechanism for alpha-transfer (and fusion-evaporation) reactions may be responsible for the increase of the slope with

spin. Future studies should clarify the origin of this difference.

Figure 5 shows the comparison, between 100Pd and 96Ru, of the experimental γ-ray angular correlations for the

2+1 → 0+1 transitions. The results of the corresponding fits to the Ak coefficients in Eq. (2) are displayed there as solid

and dashed curves, respectively. The Coulomb-excitation channel (96Ru) provides a more pronounced γ-ray angular
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FIG. 5. The experimental γ-ray angular correlations, W (θ), for the 2+1 → 0+1 transitions; open circles correspond to 100Pd

and diamonds to 96Ru. The solid and dashed lines correspond to fits to the angular correlation function for 100Pd and 96Ru,

respectively (see text for details).

correlation pattern than does the α-transfer channel (100Pd), indicating a larger spin alignment for the Coulomb

excitation reaction.

The measured precession effect [12], ǫexp = (ρ − 1)/(ρ+ 1), is calculated from quadruple ratios involving the four

HP-Ge clover detectors:

ρ =
√

ρ1,4/ρ2,3 with ρi,j =
√

(N↑
i ·N↓

j )/(N
↓
i ·N↑

j ), (3)

where N↑
i (N↓

i ) is the γ-ray peak intensity that is measured in clover i when the external magnetic field, Bext, is up

(down) with respect to the particle-γ scattering plane.

5. Calculation of the corrections to ǫexp and S(θγ)
exp

A given nuclear state which is directly populated during the nuclear reaction, and whose magnetic moment precesses

while the nucleus is in that same state, is characterized by a precession angle denoted by ∆θdir. In this work such

a state will be denoted as a “directly populated state”. However, during the α-transfer process the excited states

are not only populated directly, but are also fed from decaying feeding states. Thus, the measured precession angle,

denoted by ∆θexp, reflects the precession of the magnetic moment of the state of interest as well as the precession of

the magnetic moments of higher-energy states. To determine ∆θdir = ǫdir/S(67)
◦
dir, the quantities ǫdir and S(67◦)dir
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need to be extracted from ǫexp and S(67◦)exp using [27, 29–31]

ǫexp =
ǫdirNdir +

∑

k ǫkNk

Ndir +
∑

k Nk
, and Sexp =

SdirNdir +
∑

k SkNk

Ndir +
∑

k Nk
, (4)

where k accounts for contributions from all the other states that are feeding the state of interest. The quantities

ǫ’s, S’s, and N ’s are, respectively, the values of the precession effects, logarithmic slopes, and efficiency-corrected

photopeak intensities. The quantity Ntotal = Ndir+
∑

k Nk is the total observed photopeak intensity of the transition

under study (see Table I), where Ndir is the directly populated photopeak intensity, while the Nk’s represent the

photopeak intensities of the feeding transitions. The use of Eq. (4), to estimate ∆θdir, requires a detailed knowledge

of the states’ spin precession (ǫk’s), transition intensities (Nk’s), and the logarithmic slopes (Sk’s) of the transitions

feeding the state under study. In this experiment the required spectroscopic information was neither complete nor

precise. In particular, the corrected slopes, S(67◦)dir, could not be evaluated reliably; hence S(67◦)exp was used

throughout to evaluate the precession ∆θdir.

6. Calculation of g

The g factor for each state is calculated using the formula

∆θdir = −g ·
µN

~
·

∫ tout

tin

BTF (v(t), Z) · e−t/τdt. (5)

Here µN is the nuclear magneton (e~/2Mpc), tin (tout) is the mean entrance (exit) time of the ions into the ferromag-

netic gadolinium layer, τ is the mean lifetime of the state being considered, and BTF is the transient magnetic field

calculated using the Rutgers parametrization [32],

BTF (v(t), Z) = a · Z1.1 ·

(

v

v0

)0.45

·M . (6)

Above, a = 96.7± 1.6 is the strength parameter, v0 = c/137 is the Bohr velocity, and M is the magnetization of the

target in tesla. The use of Eq. (5) to obtain the g factor requires the evaluation of ∆θdir and the calculation of the

integral ∆θ(g = 1) = −µN/~ ·
∫

BTF · e−t/τdt. Thus, the g factor becomes

g =
∆θdir

∆θ(g = 1)
. (7)

For the evaluation of ∆θ(g = 1) the program gfac from Rutgers University was utilized. The code gfac uses

as input the parameters of Eqs. (5) and (6) for the calculation of ∆θ(g = 1). The calculations of the energy loss

within the target for the 12C ions and for the 100Pd nuclei were based on the stopping powers of Ref. [33]. The
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initial and final energies of the 100Pd ions, entering and leaving the gadolinium foil, were estimated to be 213.8 MeV

and 78.6 MeV, corresponding to a velocity range of 〈v/v0〉in = 9.29 to 〈v/v0〉out = 5.63. The calculated values

∆θ(2+1 ; g = 1) = 67.4 mrad and ∆θ(4+1 ; g = 1) = 63.8 mrad were used in the evaluation of the g factors.

In this experiment an automatic check of the procedure is provided by the simultaneous Coulomb excitation of the

96Ru beam. A value of g(96Ru; 2+1 ) = +0.46(3) was obtained, in agreement with the value g(2+1 ) = +0.47(3) reported

TABLE I. The γ-ray transitions observed in the present work (at a beam energy of 350 MeV). The photopeak intensities (Nγ)

are normalized to the 2+1 → 0+1 γ-ray intensity, whose value is arbitrarily set to 100. The intensities do not take into account

the angular correlation of the γ-ray radiation because of the small alignment of the states.

Level Energy Transition γ-ray energy Intensity

Ei [keV] Jπ
i → Jπ

f
a Eγ [keV] Nγ

665.51(21) 2+1 → 0+1 665.50(10) 100

1415.9(4) 4+1 → 2+1 750.50(20) 38.0(5)

1587.2(3) 2+2 → 2+1 921.70(10) 7.3(3)

2+2 → 0+1 1587.3(3) 2.4(2)

1925.0(5) 3+1 → 2+2 337.5(3) 1.80(20)

3+1 → 4+1 510.9(4) <7a

3+1 → 2+1 1260.0(6) 10.3(3)

2055.3(6) 4 → 4+1 639.5(10) 3.80(21)

2189.3(6) 6+1 → 4+1 773.0(7) 6.0(2)

2277.8(6) 5+1 → 4 221.9(3) 2.5(3)

5+1 → 3+1 353.6(5) 1.4(2)

5+1 → 4+1 862.0(2) 2.80(18)

2351.5(18) (2, 3+, 4+) → 2+1 1686.0(8) 2.4(2)

2430.3(6) 4 → 3+1 505.30(10) 9.1(3)

2469.9(7) (4+, 5, 6+) → 6+1 280.90(20) 0.60(14)

(4+, 5, 6+) → 4+1 1053.5(3) 1.23(17)

2505.4(5) 5−1 → 4 450.4(3) 2.6(3)

5−1 → 4+1 1089.40(10) 6.0(3)

2616.9(7) (0+, 4+) → 2+1 1951.4(3) 2.20(20)

a Assignment taken from Ref. [4].
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TABLE II. Experimental and corrected effects ǫ and precession ∆θ values. The quantities ǫexp, Sexp and ∆θexp refer to the

precession effects, the logarithmic slopes and the precession angles obtained without any feeding correction. The quantities

ǫdir, ∆θdir and g include the feeding corrections to ǫexp. The errors quoted in the g factors reported in the last column stem

mainly from the statistical errors in ǫexp and do not include the propagated errors arising from the feeding (see text).

Ei Jπ
i τ ǫexp S(67◦)exp ∆θexp gexp ǫdir ∆θdir g

[keV] [ps]a [rad−1] [mrad] [mrad]

665.5 2+1 9.0(4) −0.0086(36) −0.324(54) +26.5(120) +0.39(18) −0.0066(28) +20.4(92) +0.30(14)

1415.9 4+1 3.6(3) −0.0157(49) −0.550(39) +28.5(91) +0.45(14) −0.0156(49) +28.4(91) +0.45(14)

2189.3 6+1 3.7(5) −0.0517(267) −0.547(156) +94.5(558) +1.47(87)

a Lifetimes taken from Ref. [6].

in Ref. [34].

III. EXPERIMENTAL RESULTS

Table II displays the experimental results of the present work. The superscript “exp” refers to the measured values.

The gexp values correspond to the experimental g factors, calculated from the precession angle, ∆θexp, and do not

take into account feeding corrections. The quantity ∆θdir refers to the precession of the “directly-populated” state,

obtained after the correction described in section II 5 was applied.

For all the γ-ray transitions with energies larger than 780 keV, a combined precession value of ǫexp ∼ 0 was measured,

probably due to the small spin alignment. Hence, contributions to the corrections from those states in Eq. (4) are

small and were neglected for both the 2+1 and the 4+1 states, but they were included in the intensity balance of Eq. (4).

The g factors reported in the last column of Table II take into account only the correction to ǫexp, the precession effect

of Eq. (4). The feeding corrections have practically no effect on the magnitude of the resulting g factors for either the

2+1 or the 4+1 states. This result follows directly from the nearly equal measured precessions, bearing in mind that

the main feeding component of the 2+1 state comes from the 4+1 state. However, because the errors in the correction

terms are themselves poorly determined, the procedure greatly amplifies the errors, yielding ǫdir(2
+
1 ) = −0.0066(114)

and ǫdir(4
+
1 ) = −0.0156(134), which correspond to g(2+1 ) = +0.30(52) and g(4+1 ) = +0.45(38) respectively. Hence,

for a more constrained comparison with theoretical predictions, the final g factors are quoted with only the statistical

errors in ǫexp included.
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The 6+1 does not require any feeding corrections. Due to its low excitation the derived g factor has a large uncertainty

and is therefore not discussed further.

IV. SHELL MODEL AND COLLECTIVE MODEL PERSPECTIVES

In order to investigate the structure of 100Pd, large-scale Shell-Model (SM) calculations were performed using the

Oslo code [35]. In these calculations 88Sr was taken as the inert core, and the effective interaction was constructed based

on the CD-Bonn nucleon-nucleon interaction described in Ref. [35]. The model space for the valence nucleons included

the π orbitals (1p1/2, 0g9/2), and the ν orbitals (1d5/2, 0g7/2, 1d3/2, 2s1/2, 0h11/2). The Single-Particle Energies (SPE)

relative to a 88Sr core, were taken from Refs. [4, 6]. There, the SPE were deduced from the experimental data on

excited states and on proton and neutron separation energies in the one-valence-nucleon neighbours of the core, i.e. 89Y

and 89Sr. The resulting SPE, utilized in the calculations, were: ǫπ(1p1/2) = −6.160 MeV, ǫπ(0g9/2) = −7.069 MeV,

ǫν(1d5/2) = −6.359 MeV, ǫν(0g7/2) = −3.684 MeV, ǫν(1d3/2) = −4.351 MeV, ǫν(2s1/2) = −5.327 MeV, ǫν(0h11/2) =

−4.280 MeV. These calculations used the free-nucleon g factors for protons and neutrons (gνl = 0.0, gνs = −3.8263,

gπl = 1.0, and gπs = 5.5855), and the effective charges ǫν = 1.0e and ǫπ = 1.7e (see Ref. [6]).

Other different effective values for the nucleon g factors were also tried out to study their effects on the calculated

results. These studies showed that the g factors of the states in 100Pd are more sensitive to changes in the orbital

than in the spin nucleon g factors. For example, increasing the gνl and gπl by adding 0.2 to each of them, increase the

g(2+1 ) and g(4+1 ) by over 30%. On the other hand, decreasing the magnitudes of gνs and gπs by 30% each, decreases

the g(2+1 ) and the g(4+1 ) values only by about 10%.

Table III shows the results for 100Pd of the large-scale SM calculations for the excitation energies, transition

TABLE III. Comparison between the results of the large-scale shell model calculations (SM) and the experimental (exp)

quantities for the two lowest excited states energies and transitions under study in 100Pd.

State Ex(J
π
i ) [keV] B(E2 : Jπ

i → Jπ
f )[W.u.] g(J+

i )

Jπ
i Jπ

f exp SM exp SMa expb SM

2+1 0+1 665.4 751.9 25.4(11) 21.8 +0.30(14) +0.78

4+1 2+1 1416.1 1507.1 35(3) 30.0 +0.45(14) +0.66

a Using the effective charges: ǫν = 1.0e and ǫπ = 1.7e from Ref. [4].
b Values from this work.
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strengths, and g factors.

The average occupation numbers obtained in the SM calculations are shown in Table IV, for the 0+1 , 2
+

1 and 4+1

states of 100Pd. The proton occupations for these states range from 3.35 to 3.67 proton holes in the 0g9/2 orbital, and

from 1.35 to 1.67 proton particles in the 1p1/2 orbital. Of the four valence neutrons beyond N = 50, the two 0g7/2

and 1d5/2 orbitals were occupied by between 3.16 and 3.28 neutrons.

The calculated level-excitation energies are only slightly larger than the experimental ones, by about 90 keV. The

calculated transition strengths B(E2; 2+1 → 0+1 ) and B(E2; 4+1 → 2+1 ) are in good agreement with the experimental

values reported by Radeck et al. in Ref. [6]. The above agreements suggest that the shell model picture is an

appropriate one for the low-lying levels of 100Pd. On the whole, the calculations lead to results that are similar to

those obtained in [4, 6, 36] although a different interaction and a different computer code were used. Ref [4, 6],

however, did not consider g factors.

The measured g factors are smaller than the calculated shell-model gSM values for the 2+1 and 4+1 states. The large

positive gSM values may perhaps be related to the partial occupation of the 0g9/2 orbital by protons (the Schmidt

value for the gg9/2 protons is +1.510), or to an underestimation of the contributions of the neutrons to the wave

functions.

Shell model calculations were also carried out with smaller shell-model spaces. The results suggest that the exclusion

of the ν(h11/2) orbital would have only a small effect on the calculated values for 100Pd. Indeed, the average occupation

number of this orbital is only about 0.1 neutrons (see Table IV). On the other hand, all the other orbitals (of both

protons and neutrons) have to be included in the shell model space in order to obtain a good approximation to the

experimental B(E2) values in 100Pd.

As noted in the Introduction, collective models have also been applied to the 100Pd nucleus. It was pointed

out there that the measured excitation-energy ratios (R4/2 = 2.13 and R6/2 = 3.29) are close to the vibrational

TABLE IV. Shell model results for the average nucleon occupation numbers, for the orbitals under consideration, for the 0+1 ,

2+1 , and 4+1 states in 100Pd. Ex refers to the calculated level excitation energy.

Jπ
i Ex π ν

[keV] 0g9/2 1p1/2 0h11/2 0g7/2 1d5/2 1d3/2 2s1/2

0+1 0.0 6.65 1.35 0.12 1.47 1.81 0.37 0.24

2+1 752 6.49 1.51 0.08 1.39 1.77 0.43 0.33

4+1 1507 6.33 1.67 0.06 1.44 1.74 0.46 0.30
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model predictions (R4/2 = 2 and R6/2 = 3). The experimental B(E2 : 4+1 → 2+1 ) and B(E2 : 2+1 → 0+1 ) (see

Table III) show collective enhancements consistent with the vibrational picture. However, the experimental ratio

B(E2 : 4+1 → 2+1 )/B(E2 : 2+1 → 0+1 ) = 1.38(17) is lower than the vibrational prediction of 2.0.

In Ref. [4] no 0+2 was found near the 2+2 and 4+1 states. The lowest possible 0+2 state there lies close to 1 MeV

higher. In the shell model calculations for 100Pd the excitation energies of these three states differ by only about

260 keV. Generally speaking, the even Pd isotopes beyond the semi-magic 96Pd (with 50 neutrons) gradually become

more collective as the neutron number increases. The measured excitation energies of the 0+2 , 2
+

2 , and 4+1 states differ

by 320 keV for 102Pd, but by no more than 130 keV for all the heavier even Pd isotopes. The experimental E(2+1 )

excitation energy (665 keV for 100Pd) decreases monotonically from 1453 keV in 96Pd to 373.8 keV in 110Pd.

The resulting g(4+1 ) = +0.45(14) agrees, within error, with the simple collective model prediction of gcollective =

Z/A = +0.46 for all the states. The g(2+1 ) = +0.30(14) comes close to such an agreement. In Ref. [5] a collective

IBA-2 calculation yielded g(2+1 ) = 0.40 and it was noted that additional experimental results are required to clarify

the relative amounts of U(5) and O(6) collectivity, and to clearly find the position of 100Pd in the Casten triangle.

The collective model prediction of g(4+1 ) = g(2+1 ) is consistent with the present results within the errors, but the data

still suggest that g(4+1 ) > g(2+1 ). Further experimental work is needed to determine g factors with greater accuracy

to clarify this point.

V. SUMMARY

The g factors of the 2+1 and 4+1 excited states in the radioactive 100Pd nucleus were studied using α-transfer reactions,

in combination with the transient-field technique in inverse kinematics. Large-scale shell-model calculations provide

results that account well for the measured excitation energies, and the B(E2) values, but overestimate the g factors.

The measured g factors are consistent, within the errors, with a collective model picture.

The use of α-transfer reactions in inverse kinematics, in combination with the transient field technique, offers the

possibility to study magnetic moments of low-spin states of nuclei which, otherwise, will be difficult to investigate

with the present available beam facilities. Future radioactive beam facilities will permit the study of these nuclei,

such as 100Pd, using Coulomb-excitation reactions.

The production of significant excitation yields and of states with considerable spin alignment is fundamental for

measuring g factors. The α-transfer reaction tends to populate low-lying low-spin states, both directly and by feeding

from populated higher states. The spin alignment and the relative role of direct population increase slightly with the
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excitation energy. The spin alignment is smaller than in Coulomb excitation reactions, but valuable results can still

be obtained. Higher-lying states are also excited in the α-transfer reaction. As was mentioned in the Introduction,

the use of α-transfer reactions, for measuring g factors, in the A < 70 mass region, has been successfully implemented.

For heavier nuclei, and for larger level densities, the calculations of feeding corrections present a serious challenge.

Detailed spectroscopic information for the populated states is necessary to estimate the corrections to the g factors.

It will be valuable to carry out future experimental and theoretical studies of the α-transfer reaction. Specifically,

such studies should investigate the reaction mechanism, the decay history of the states populated by the reaction,

and the particle-γ angular correlations. These investigations could reduce the experimental uncertainties, and help

to extend the use of the α-transfer technique to higher mass regions and to nuclei with larger level densities.
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