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1 0 0  Md ( d,  p) reaction with 14 Me V deuteron energy, angular momentum-transfervalues have been deduced for states with Bex < 583 keV. Several new states have been established and existing discrepancies between the results of earlier investi­gations have been removed. IBFM/PTQ.M calculations, taking into consideration the transitional character of the 1 00Mo boson core, have been performed to study the structure of the positive parity states with Bex < 600 keV and their electromag­netic properties. 
1. Introduction

The nucleus 1�!Mo 5 9 is situated at the onset of the region of deformation around mass number A = 100. It is well known that the N = 58 isotones like
9 6�r, 9 7Y and 98Zr have non-rotational character at low excitation energy. Con­trary to this behaviour evidence for ground-state deformation has been observed for the N = 60 isotones 97Rb through 101Nb. Shape coexistence seems to occurin the N = 59 . isotonic chain to which 1 0 1Mo belongs. Thus it has been shown1>that the ground-state of 9 7Sr is based on the s 11 2 neutron orbit in ac�ordance with the shell model for spherical nuclei while a rotational band is built upon the 585 keV excited state2 • 3>. For the odd-odd nucleus 98Y in this isotonic chain the existing data and calculations in the framework of the interacting boson fermion-fermion model (IBFFM) indicate coexistence of spherical and higher-lying deformed sta­tes, too3>. On the other hand, in the Mo isotopic chain 1 0 1Mo is situated between 
99Mo, the low-lying states of wl.1ich4> are well described by the quasiparticle-pho­non coupling model 5>, and 1 0 3Mo which has a rotational ground-state band6> .The transitional character and the question, whether coexisting structures show up in 1 0  1 Mo, challenge a detailed experimental and theoretical study of this nu­cleus. A variety of ealier experimental studies on the level scheme have been perfor­med 7 - 9 >. These investigations of the y radiation following thermal and resonance neutron capture in 1 00Mo and the p- decay of 1 0 1Nb, and of the 1 0 0Mo (d, p) and 1 0 0Mo (t, 9-) neutron stripping reactions using p�larized and unpolarized deuteron and triton beams have resulted in a detailed level scheme for excitation energies < 1 MeV. However, a number of discrepancies among the experimental results emerged. The present study on the y radiation following thermal neutron capture in 1 0 0Mo and the p- decay of 1 0 1Nb succeeds in disentangling most ofthese problems. Preliminary results of the present studies of thermal neutron capture7 •1 0>., p- decay of 1 01Nb11 • 1 2> and of the (d, p) reaction1 3> have beenpublished already. New experimental data on the first excited Jn = 3/2+ state at 13.5 keV and the second excited 5/2+ state at 57.0 keV (half-lives, decay modes) have been obtained from the present experiments. These results are published elscwhere14>. Recently, IBFM calculations for odd-even nuclei1 5 • 1 6> and IBFFM calcu­lations for odd-odd nuclei1 6 • 1 7> in the region around A = 100 have been per­formed successfully. Therefore, the IBF model in the equ;valent representation of the particle-truncated quadrupole-phonon coupling model (PTQM) has now been applied to 1 0 1  Mo in order to get more insight into the structure o f  the low-lying states (Bex < 600 keV). A detailed discussion of the triplet of 1/2+ gro­und-state, 13.5 key 3/2+ state, and 57.0 keV 5/2+ state14> shows that the 3/2+ state 
184 FIZIKA 22 (1990) 1 ,  183-220 
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is of (d 51 2)!12 j - 1 type, whereas the ground-state and the 57.0 keV state mainlyhave single quasi-particle character. The present paper extends the interpreta­tion in the framework of IBFM/PTQM to states of higher excitation energy. 
2. Experimental methods and results

2. 1 .  p- decay of 1 01Nb At the fission-product separator LOHENGRIN 1 8> installed at the HFR of the ILL Grenoble, the mass chain A = 101 was investigated by y;..ray singles(including multispectrum analysis) and y-y coincidence measurements using 32 and 70 cm3 Ge (Li) detectors (energy resolution: 0.75 keV at 122 keV and 2.0 keV at 1333 keV., respectively). The experiments were performed with the separator set for the ratio of the mass and the ionic charge of the fission products to A/q = = 101/21 and a contamination of the mass chain 96 (A/q = 96/20) was observed. The low-energy part of the y-ray spectrum taken with the 32 cm 3 · detector is shown in Fig. 1. The energies and intensities of the y-rays assigned to the decay of 1 0 1 Nb and the measured y-y cointjdence relationships are given in Section 3 together with the data from the 1 0 0Mo (n., y) study. 
2.2. Thermal neutron capture in 1 0 0Mo With metallic Mo powder, enriched in 1 0 0Mo (Table I), ,,-ray spectra fol­lowing thermal neutron capture have been measured at the external beam facility2 0> at the FRJ-2 research reactor (DIDO) of KFA Jiilich. Various detect�rs and tar­gets have been used to cover the range from the low-energy secondary to the high­energy primary transitions. For 10 < E,, ..::::: 250 keV two targets with effectivethicknesses of 37 and 162 mg/cm2 were used. They were suspended at an angle of 30° to the axis of the vertical neutron beam within the neutron shielding tube in front of a 1.4 cm3 HPGe detector. Details of the set-up and the relative detection 

TABLE 1. 

mass no. abundance11 
<1rrNbarn thermal capture 

/at. % contribution/% 

92 0.60(2) 0.019 0.044 
94 0.23(2) 0.015 0.013 
95 0.40(2) 14.0(5) 21.5(13) 
96 0.81(2) 0.5(2) 1.6(6) 
97 0.36(2) 2.1(5) 2.9(7) 
98 1.69(5) 0.130(6) 0.84(5) 

100 95.9(1) 0.199(3) 73.2(11) 

11 analysis of the manufacrurer Union Carbide Corp., ORNL, Tennessee, USA. 
b from Ref. 19. 
1 ham = 10-24 cm2 

Isotopic composition and thermal neutron capture contribution of the target material used in 
the present measurements. 
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Fig. 1.  Low-energy part of the y-ray spectrum from 1 0 1Nb p-decay measured with the 32 cm3 

detector at LOHENGRIN. The energies of the y-rays assigned to the decay of 101Nb are given 
in boxes. 
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efficiency have been given elsewhere2 1>. As an example, Fig. 2 shows a spectrum recorded with the 162 mg/cm 2 target. The small thermal neutron capture cross section of 1 0 0Mo and the small quantity of target material result in a low target capture rate. Thus, in the spectrum lines from neutron capture in the Ge detector material2 2> and the Al cryostat2 3> show up which by part are superimposed on Mo lines (upper part of Fig. 2). Therefore, a spectrum measured with empty target holder was subtracted from this spectrum after normalization to equal measuring times. The resulting spectrum (lower part of Fig. 2) e. g. yields the low-energy 1 0 1Mo line of 13.5 keV. The spectrum for E,, <1500 keV was investi­gated with the use of a 5.8 cm3 planar and a 38 cm3 true coaxial Ge (Li) detector24> and thicker targets. The energy .. and relative efficiency calibrations were perfor­med with 241Am, 5 7Co, 1 3 3Ba and 1 5 2Eu radioactive sources2 5 > placed at the position of the Mo target. 

10' 

Fig. 2. Low-energy neutron-capture y-ray spectrum measured with the 1 62 mg/cm2 Mo target 
(upper part) and the spectrum which results from subtraction of the background spectrum mea­
sured with empty target holder. The peaks are labelled by the y-ray energies resulting from fit 
and correction for non-linearity of the electronic system. Energies of lines from the 100Mo (n, y)
reaction are given in boxes. The errors of the 101Tc and 101Ru energies are S 25 eV, those

of the X-rays S 10 eV. 
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The high-energy y-ray spectrum was measured with the 38 cm3 true coaxial Ge (Li) detector and a 10 cm3 rectangular Ge (Li) detector of 0.5 cm depletion depth. The two detectors have different double-escape1peak (DEP) and single­escape peak (SEP) to full energy peak (FEP) ratios. Therefore, the comparison of spectra taken with both detectors facilitates the identification of the y-ray lines in the complex spectrum (Fig. 3). The strong 1 3C DEP, SEP and FEP lines from 
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Fig. 3. Parts of high-energy y-ray spectra measured with two Ge (Li) detectors of different ratios 
of double-escape peaks (labelled by double primes) and single-escape peaks (labelled by primes) 
to full-energy peaks. The background lines are labelled with A for 27 Al (n, y)j N for 14N (n, y), 
C for 3 5Cl (n, y), F for 56Fe (n, y) and M for 95Mo (n, y). Brackets around these labels indicate
admixture to a line from 101Mo. The positions of double escape, single escape, and full energy

peaks from 100Mo (n, y) are indicated by connecting lines between the spectra.

neutron capture in the graphite target capsule (E,, = 1261.788 keV2 6>, 3683.921keV2 7> and 4945.326 keV28 • 29>) were used for energy calibration and correction for nonlinearity under the assumption that the DEP, SEP and FEP energy diffe­rences are3 0> m0c2• The relative DEP, SEP and FEP efficiencies and efficiency ratios were determined with these lines3 0 and those from the 1 4N (n, y) reaction3 2>. Using the energy overlap of the various recorded spectra, absolute y-ray intensities for the secondary as well as for the high-energy primary transitions have been derived by normalization to the intensity of the strong 1 01Tc transi­tion of 191.9 keV for which I,, = 18.8 (4)/100 decays7>.
188 FIZIKA 22 (1990) 1, 183-220 
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With use of 38 and 63 cm 3 Ge (Li) detectors, y-y coincidences have been measured for 40 � E11 , By2 :-s;: 5800 keV. Two characteristic coincidence spectra are shown in Fig. 4. The data resulting from the singles and coincidence measure­ments are given in Section 3 together with those from the p--decay study. 
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0 so 100 Channel number Fig. 4. Gamma-ray spectra observed in coincidence with the 274.9 keV transition feeding the 293.8 keV state (a) and the 5103.8 keV primary transition feeding the near-lying 294.6 keV state (b). Both spectra result after subtraction of adjacent Compton-background spectra. 
2.3. Angular distributions and relative c1·oss-sections from the 1 00 Mo ( d, p) reaction The reaction 1 0 0Mo (d, p) was investigated with high resolution (5 keV) at the Munich MP tandem using the Q3D spectrograph in conjunction with the precision time-of-flight system in order to correct energy fluctuations of the 14 MeV deuteron beam. 1 0 0Mo metal targets were prepared by electron-beam eva­poration. On 4-5 µg/cm2 carbon backings, line targets (0.5 mm · 4 mm) emiched to 97.4% in 1 0 0Mo of 40-60 µg/crn2 were deposited. Proton spectra were mea­sured at 8 laboratory angles (6°, 14°, 20°, 30°, 35°, 45°, 50° and 60°) and detectedwith a multiwire proportional counter with 800 wires spaced at 0.5 mm. A typical proton spectrum is shown in Fig. 5. In the analysis of the data 19 levels could be identified in the excitation energy range of 0-583 keV. Their angular distributions and relative differential cross sections are shown in Figs. 6a and 6b. Further details about the experimental technique and the analysis of the data can be taken from Ref. 33. These measurements were carried out in the last beam time before the 
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Fig. S. Proton spectrum obsen•ed in the 100Mo (d, p) reaction at 01.,11 = 14°.

1 20( 

first upgrading of the Miinchen MP tandem in 1975, they remained unpublished until now. For those levels which are also observed in the (n, y) study, the more accurate energy values from this work were adopted and used for more precise calibration of the other levels. For the analysis of overlapping lines different situations had to be solved: In the case of the 57 keV peak a slight broadening, especially at labora­tory angles above 30°, indicates a possible doublet of states as is discussed in Ref. 14. The peak at about 565 ke V in a first analysis seemed to contain two components. However, the higher-energetic of them showed no interpretable angular distribution. According to the (n ,y) results it was tried to fit a third component into this peak. The unambiguous angular distributions which then were obtained support the existence of a triplet of near-lying states which are discussed below. 
3. Discussion of experimental results and particular levels

The ,,-ray energies of transitions in 1 0 1Mo, their absolute intensities per 103 radiative slow neutron captures in 1 00Mo and their relative intensities in p­decay of 1 0 1Nb are collected in Table 2. The observed coincidence relationships are presented in Table 3. The 1 0 1Mo level scheme which results from the present studies is depicted in Figs. 7 and 8. The properties of all 1 °1Mo states as known from other experimental studies and the present work are collected in Table 4. The y-decay patterns of Figs. 7 and 8 result from the (n, y) study or (for the. sta­tes marked by an asterik) from the (n, 11) study and the investigations at LOREN-
190 FIZIKA 22 (1990) 1 ,  183-220 
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Fig. 6a. Observed proton angular distributions with /4 = O, 3, 4, or S.

GRIN. To deduce the averages from the two sets of data (Table 2), for each mea­surement the y-ray intensity of the stronges transition depopulating a state has been normalized to 100. With this normalization the relative y-ray intensities of the weaker transitions have been deduced as weighted averages from the results of both measurements taking into account the error of the intensity of the strongest transition by quadratic addition of the errors. The population of the low-lying states by the statistical cascades from the capture state via the quasi-continuum of higher-lying states has been calculated using a computer code3 7> described in Ref. 38. In Fig. 9 the calculated values are com­pared with the experimental data. An overall agreement within 30% is obtained. 
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Fig. 6b. Observed proton angular distributions with In = 2 or 3.
The statistical population of a low-lying state depends strongly on its spin diffe­rence to the J = 1 /2 capture state. The calculated values of Fig. 10 set lowerlimit for the total depopulation of the low-spin states (J :s;;: 5/2). The sum of the statistical population and the population from the established discrete•states (Bex < 
< 1447 keV) and the capture state yields the total population of � state whichmust be equal: to the total depopulation within the error. The level schemes of Figs. 7 and 8 do not contain the levels at 329.3, 666.3, 7 16.9 and 839.2 keV which were given in a preliminary report on the (n, y) study7• 1 °> only because of the possible occurence of weak primary transitions of 5069.3, 4732.3, 4681.7 and 4559.4 keV, respectively. The assumption of EI ,  Ml or E2 character for these transitions allows J:r = 1/2+ , 3/2+ or 5/2+ for the four levels.However, no secondary transitions are found in the low-energy spectra which could satisfy the lower limits of Fig. 9 for the depopulation of these states. In agreement with this, the reanalysis of the spectra of Fig. 3 has shown that the FEP and SEP intensities (explanation see Section 2.2) of the strong 4048.6 and 3537.8 keV tran­sitions leave no line intensity for the DEP of a 5069.3 keV transition and the SEP and DEP of a 4559.4 keV transition. The 4732.2 and 4681.7 keV DEP, SEP and FEP can be assigned to transitions from 2 7Al (n, y)2 3> and 95Mo (n, y)39>.
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TABLE 2. 

(n., y) p- decay 
E,, (dE;,)• J,, (dJ,,)• E,, (dE,,)0 ly (dly)11 

/keV /103 n /keV rel. units positionb 

13.49(10) 78 (29) 13.5(1) 32 (10) 13.5 0.0° 

37.0(4) 0.6(2) (35 1.6 315) 
43.515(5) 23.7(16) 43.5(1) 4 (1) 57.0 13.5° 

56.892(20) 1.32(18) 294.6 237.7 
81.122(5) 39.7(17) 81.2(1) 1.0(2) 3 18.9 237.7° 

1 1 3.935(10) 5.3(3) 1 14.0(1) 2.0(2) 171.0 57.00 
1 18.556(1 1) 5.3(3) 1 18.6(1) 14(1) 289.5 171.0° 

123.0(3) 0.4(2) 293.8 171.0 
294.6 171.0 

124.2(2) 0.5(3) 1099.4 974.8 
125.057(1 1) 5.2(3) 1 109.2 984.2 
138.4(2) 2.2(7) 
140.8(2) 2.4(6) 710.0 568.9° 

143.1(1) 1.2(4) (315  171.0) 
147.935(18) 4.1(10) 318.9 171 .0° 

157.466(12) 81.2(10) 157.5(1) 32 (2) 171.0 1 3.5° 

164.0(2) 0.9(4) 974.8 810.6 
1281.2 1 1 16.9 

164.96(15) 0.9(4) 1 65.0(3)4 0.2(1)4 454.S 289.5° 

165.90(25) 0.7(5) 1447.3 1281.2 
180.703(19) 109 (2) 180.6(1) 8.8(6) 237.7 57.0° 

1 80.8(3)4 2.0(S)d 351.6 171 .0° 

1 81.5(2) 3.2(5) 1291.3 1 109.2° 

1 82.1(5) 1.1(5) (240.5 57.0) 
185.96(5) 2.8(6) 1 86.0(3) 2.6(2) 479.8 293.8° 

1 88.46(6) 1.2(5) 540.1 351.6 
1 89.8(2) 1 .0(5) 479.8 289.5 
202.5(2) 0.8(5) 1 1 16.9 914.2 
204.06(6) 1.4(5) 830.4 626.4 
216.82(3) 2.4(5) 217.0(2) 1 .2(2) 454.5 237.7° 

218.2(4) 1 .6(7) 1229.8 1011.0 
1447.3 1229.8 

223.8(3) 3.7(8) 224.0(2) 0.7(2) 237.7 13.5° 

230.18(7) 2.7(5) 710.0 479.8° 

231.1(2) 1.2(6) 1054.3 823.1 
1099.0 867.8 

232.4(2) 2.0(8) 232.6(1) 4.9(4) 289.5 57.0° 

233.3(2) 2.9(8) 
234.1(2) 3.4(8) 1281.2 1047.1 (C) 

236.78(4) 12.6(11) 236.8(3)d 1.5(5)4 293.8 57.0° 

237.55(2) 95.0(20) 294.6 57.0° 

238.4(5) 1 .3(7) 237.5(5)d 0.2(2)4 237.7 0.0<0> 
241.38(5) 1 .0(2) 867.8 626.4 

1 109.2 867.8 
274.9(2) 6.6(18) 568.9 293.8° 

276.10(4) 56.8(12) 276.1(1) =100 (6) 289.5 13.5° 

277.98(4) 4.8(9) 567.5 289.5° 

280.25(4) 36.8(9) 280.3(1) 3.4(4) 293.8 13.5° 

281.05(4) 45.5(12) 294.6 13.5° 

283.5(2) 4.2(19) 283.5(1) 3.3(4) 454.S 171.0° 

287.86(1 1) 3.0(14) 914.2 626.4 
289.63(5) 6.7(13) 289.6(1) 10.0(8) 289.5 0.0° 

292.0(2) 4.0(22) 586.5 294.6 
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TABLE 2 continued. 

(11, y) p- decay
E,, (dE,,)11 1,, (dJ,,)11 E,, (dE,,)11 1,, (dl,,)11 /keV /103 n /keV rel. units positionb 

293.81(1 1) 20.3(5) 294.0(5)d 2 (l)d 293.8 0.0° 

294.59(4) 43.7(29)d 294.6 0.0° 

294.59(4) 37.7(32)d 294.5(3)d 5 (2)d 351.6 57.0° 

305.5(2) 74 (7) 305.2(2) 0.9(3) 318.9 13.5° 

309.0(3) 7.4(12) 
31 1.21(1 7) 2.3(13) 
317.5(3) 2.1(13) 797.2 479.8° 

326.45(10) 0.9(3) 909.8 583.4 
329.93(6) 4.1(3) 567.5 237.7<0> 
331.2(3) 1.8(3) 568.9 237.7(,:) 
335.34(5) 2,2(3) 902.8 567.5 
338.5(3) 1 .4(3) 338.1(2) 0.2(2) 351 .6 13.5 
340.5(2) 1.2(3) 909.8 568.9 
343.4(2) 1.4(3) 823.1 479.8 
351.595(15) 19.9(14) 351.6(1) 2.4(3) 351.6 0.0° 

355.7(3) 0.5(3) 356.3(2) 0.8(3) 810.6 454.5° 

358.41(4) 4.3(5) 710.0 351.6° 

364.99(15) 2.2(13)
367.5(2) 2.1(12) 1281.2 914.2 
369.79(5) 4.(2) 909.8 540.le 

374.6(2) 0.6(4) 374.5(5) 0.4(2) 854.1 479.8° 

388.59(7) 4.6(14) 626.4 237.7° 

392.9(4) 2.5(14) 1447.3 1054.3
395.8(3) 3.8(4) 
398.0(3) 1.6(9)d 397.5(5) 1.4(3) 454.5 57.0 
398.0(3) 4.3(26)d 568.9 171.0° 

399.0(2) 5 (2) 399.3.(5) 2.8(6) 854.1 454,5e 

406.80(6) 3.5(14) 1 116.9 710.0 
1229.8 823.1 

412.1(3) 3.9(18) 583.4 171.0° 

414.6(3) 1.0(5) 
415.9(3) 2.8(13) 710.0 293.8° 

420.43(3) 5.4(8) 710.0 289.5° 

423.3(4) 0.8(5) 422.8(2) 0.5(3) 479.8 57.0 
436.7(5) 2.7(15) 1291.3 854.1 
441.01(5) 19.4(19) 441 .1(1) 22(1) 454.5 13.5° 

454.0(3) 3.3(16) 454.5(2) 1.7(5) 454.S 0.0° 

459.0(3) 3.3(18) 459.1(2) 1.9(4) 810.6 351.6° 

466.35(4) 18.4(15) 466.3(1} 18(1) 479.8 13.5° 

480.1(4) 12 (4) 479.8(1) 19(1) 479.8 0.0° 

507.2(7) 1.5(4) 507.5(3) 4.0(6) 797.2 289.5° 

526.55(5) 1 8.5(13) 540.1 13.5° 

539.6(3) 6.0(15) 710.0 171.0° 

540.21(17) 10.7(20) 540.1 0.0° 

554.2(5) 2.6(17) 567.5 13.5 
555.34(6) 17.5(12) 568.9 13.5° 

559.4(2) 1.3(5) 559.1(2) 3.3(5) 797.2 237.7° 

560.3(5) 3.8(16) 854.1 293.8° 

567.4(3) 9.5(10) 567.5 0.0 
569.17(7) 6.7(6) 1 109.2 540.1° 

583.96(3) 15.8(20) 902.8 318.9° 

586.40(14) 11 (1) 586.5 o.o
603.69(15) 2.6(5) 1229.8 626.4 
608.21(2) 14.1(25) 902.8 294.6° 

616.78(14) 1.7(3) 1447.3 830.4 
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TABLE 2 continued. 

(n, ,y) p- decay 
E,, (dE,,)11 Ir (dl,,)11 E,, (d/3.,)11 1,, (dly)" 

/keV /1Q3 n /keV rel. units positionb 

620.8(3) 1.2(3) 909.8 289.5 
914.2 293.8 

623.38(17) 4.7(3) 974.8 3Sl.6c 

626.17(10) 2.2(8) 626.1(2) 0.9(3) 797.2 171.0° 

630.1(4) 1.1(6) 867.8 237.7c 

631.79(10) 2.6(3) 1 199.4 567.S
634.6(2) 1.5(8) 
636.7(2) 1.6(3) 1447.3 810.6 
639.62(7) 3.8(14) 639.5(3) 0.8(3) 810.6 111.oc 

64S.7(2) 3.9(3) 
651.1(3) 2.9(6) 
652.5(2) 0.9(2) 823.1 171.0 
657.9(4) 0.9(3) 
664.9(2) 3.4(14) 902.8 237.7 
679.4(3) 27(3) 
682.9(2) 4.7(4) 682.9(2) 3.2(6) 854.1 111.oc 

691 .7(3) 4.3(3) 101 1.0 318.9
695.0(5) 1 1  (5) 1047.1 3Sl.6C 

696.2(2) 10 (2) 867.8 171.0° 

697.7(2) 3 (2) 1281.2 583.4°

707.5(3) 2.8(3) 
716.41(7) 36 (2) 1011.0 294.6° 

719.67(7) 13.2(14) 1 199.4 479.8° 

722.44(6) 10.6(27) 1291.3 568.9° 

737.0(1) 4.5(6) 974.8 237.7c 

740.3(2) 1.4(10) 740.2(2) 1.7(4) 797.2 51.0 
753.8(2) 1.3(9) 753.6(4) 0.8(3) 810.6 57.0 
757.8(3) 2.9(8) 1 109.2 351,6c 

760.1(3) 2.2(9) 1054.3 294.6° 

765.9(2) 7 (2) 1 116.9 351.6° 

783.6(3) 3.8(9) 783.5(2) 7.4(15) 797.2 13.S
790.0(5) 2.7(8) 1 109.2 318.9 
797.10(21) 6.0(5) 797.1(2) 7.2(12) 854.1 57.0 
806.7(2) 3.1(6) 
810.8(4) 5.3(3) 810.6(4) 2.5(12) 810.6 0.0 
814.9(2) 1.7(4) 1 109.2 294.6 
823.08(6) 6.0(15) 823.1 0.0 
840.63(15) 3.4(7) 840.5(3) 1.4(3) 854.1 13.5 
853.1(3) 5.7(4) 909.8 57.0 
854.1(2) 5.3(7) 853.9(2) 4.6(9) 854.1 o.o
902.98(10) S.3(4) 902.8 0.0
918.5(5) 5 (2) 974.8 57.0
924.S1(1S) 3.3(3) 
926.3(5) 4 (2) 984.2 51.0 
929.1(2) 4.6(4) 
940.4(5) 6.7(7) 1229.8 289.5° 

962.4(2) 4.4(4) 1281.2 318.9 
967.9(3) 13.4(15) 1447.3 479.sc 

970.9(2) 1 1.2(25) 984.2 1 3.S
972.6(3) 32 (2) 1291.3 318.9° 

973.4(3) 9.6(18) 
997.58(10) 1.8(4) 1011 .0 13.5° 

1007.8(2) 4.7(5) 
1025.02(10) 3.8(4) 
1030.85(10) 9.3(5) 1349.7 318.9° 

FIZIKA 22 (1990) 1, 183-220 195 



SEYFARTH ET AL. : STRUCTURE OF LOW•LYING • • •

(n, 1) 
Ev (dE,,)•. Iv (dJ,,)• 

/kcV /103 n 
1042.6(5) 12.0(20) 
1052.8(3) 8.0(6) 
1054.4(3) 7.0(S) 
1074.8(2) 0.5(2) 
1084.8(6) 2.6(10) 
1 097.48(10) 8.4(4) 
1 107.9(2) 4.2(5) 
1 1 19.9(3) 12 (2) 
1 127.8(2) 1.5(5) 
1 130.6(2) 1.6(6) 
1 153.0(3) 7.0(8) 
1 157.5(3) 7.8(8) 
1208.1(2) 21(5) 
1229.70(10) 3.1(4)
1235.63(15) 1.0(4) 
1278.5(2) 0.5(2) 
1287.3(3) 3.9(5) 
1300.32(1S) 6.1(6) 
131S.2(3) 1.8(4) 
140S.57(1S) S.7(4) 
1433.2(2) 13.5(1 1) 
1440.4(2) 20(5) 
1447.7(4) 3.9(6) 
3289.1(8)0 7.8(13) 
3420.6(10)0 3.5(9) 
3537.8(2)0 15.8(11) 
3SS2.0(6)0 3.1(5) 
35726(3)0 128(9) 
3698. 7(2)0 19.1(13) 
3711.7(4)0 1 1.7(8) 
37621(3)0 12.3(6) 
3778.6(3)0 9.1(7) 
3837.4(4)0 7.7(6) 
3938.5(4)0 6.9(13) 
3950.9(2) 16.8(13) 
4048.5(2) 14.7(8) 
4106.7(2) 41.7(15) 
4298.8(4) 3.7(4) 
4387.3(2) 26.5(13) 
4495.3(3) 3.5(7) 
4543.8(3) 4.6(3) 
4829.4(2) 6.2(4) 
5103.7(2) 68 (3) 
S398.1(3) S.0(4) 

TABLE 2 continued. 
p- decay 

E,, (dE,,)• ly (d[.,)• 
/keV rel. units 

1042.2(2) 3.6(7) 

1085.7(3) 1.2(6) 

positionb 

1099.0 
1 109.2 
10S4.3 

1099.4 

1291.3 
1447.3 

1447.3 
1447.3 

1229.8 

1447.3 

5398.3 
5398.3 
S398.3 
5398.3 
S398.3 
5398.3 
S398.3 
5398.3 
5398.3 
5398.3 

57.0 
57.0 
0.0 

13.5 

171.0° 

318.9 

294.6° 

289.5° 

0.0 

0.0 

1447.JO 

1349.7° 

}291,3° 

1099.0 
101 1.0° 

902.8 
854.1° 

568.9° 

294.6° 

0.0 
• The numbers within brackets give the errors of the last given digits. The first column 

gives the 1-ray energies without recoil correction. The absolute 1-intensity errors do not con­
tain the 2% error of the 191.9 keV transition intensity in 1 0 1Tc which was used for absolute 
calibration. 

b The numbers give the energies of the initial and final state in kcV. Brackets indicate ten­
tative positions of weak transitions connected with the states of J � 1/2. 

0 This label indicates confirmation by at least one observed coincidence relationship, (c) 
denotes a questionable coincidence. 

d Deduced from the coincidence data. 
0 Primary transitions to states between 1459.7 and 2109.2 keV which are not discussed in 

the present work. 
Gamma-ray transitions observed in the present 1 00Mo (n, y) and 1 0 1Nb p--decay studies. 
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TABLE 3. 

Lower-lying 
transition/ke V Coincident transitions11 /ke V 

1 3.5 43.5, 1 18.6., 157.5, 180.7, 232.6, 276, 1, 280.3, 294.6, 441.0, 466.3 
43.5 1 13 .9, 180.7., 23i6, 294.6 
81.1 584.0, 972.6, 1030.9, 4048.6, 4106.8 

1 13.9 1 18.6' 
1 1 8.6 420.4 
147.9 584.0, 972.6, 4106.8 
157.5 11 8.6", 147.9, 180.8, 283.5", 398.0, 412.1, 539.6, 626.2", 639.6"., 682.9"., 696.2, 972.6, 

1 1 19.9, 4106.8, 4543.9 
1 80.7 81.1"., 216.8", 329.9( +331.2)., 388.6, 559.6', 584.0, 630.1, 716.4, 737.0, 972.6, 1030.9.t

4048.6., 4106.8, S103.8 
1 81 .5 4106.8 
223.9 81 .1 '  
236.8 186.0"., 274.9, 415.9, 560.3 
237.6 608.2, 716.4., 760.1., 1 153.0, 3951.,0. 4387.3, 5103.8 
238.0 (81 .1') 
276.1 165.0", 278.0, 420.4, 501.5", 940.4, 1 157.5
280.3 186.0", 274.9, 415.9, 560.3 
281.1  608.2, 716.4, 1 153.0, 4387.4, 5103.8  
289.6 278.0 
293.8 186.0"., 274.9, 415.9, 560.3 
294.6 358.4, 459.1, 608.2, 623.4, 695.0, 716.4, (757.8), 1 153.0, 4387.4, 5103.8 
305.4 584.0., 972.6., 1030.9., 4048.6., 4106.8 
351.6 358.4, 459.1., 623.4, 695.0, 757.8, 765.9 
412.1 697.7 
441.0 356.1", 399.0 
454.3 399.0' 
466.3 230.2, 374.6', 719. 7, 967.9 
479.8 230.2, 317.5, 374.6'., 719.7, 967.9 
526.6 369.8, 569.2 
540.2 369.8., 569.2 
555.3 140.8., 722.4, 4829.5 
695.0 (234.1) 
716.4 4387.4 
722.4 4106.8 
967.9 3951.0 
972.6 4106.8 
997.6 4387.4 

1030.9 4048.6 
1 052.8 1 81 .5 
l 1S3.0 3951.0 

11 Coincidences with the low-energy transitions of 13.S and 43.S keV only have been investi­
gated in the 1 0 1Nb p- decay studies. Most of the coincidence relations betWeen transitions of 
higher energy result from the 1 0 0Mo (n, y - y) study. Those which could be observed only 
at LOHENGRIN are marked by a single prime, whereas double primes denote coincidence re­
lations measured after neutron capture and at LOHENGRIN. 

Observed coincidence relations for transitions in 1 0 1  Mo. 

FIZIKA 22 (1990) 1, 183-220 197 



a,..a
 

T
AB

L
E

 4
. 

co CX)
 

(d
,p

) 
(21

 +
 1)

 S
b 

J :r
 

E u
0
/k

eV
 

-
..

ln
 

fr
om

 R
ef

. 
(d

,p
),

 (
t,

 ti)
b,

e 
(n

,a
, y

) d
 

pr
es

en
t w

or
k 

re
sul

tin
g 

as
signm

en
t 

0 
0 

b ,
 c ,

 e ,
 f ,

 g
 

0.
36

6(
6)

 
1 1

2+
 

1/
2+

 
1 1

2+
13

.4
97

(9
) 

2,
3 

g 
<

0.
02

b 
(3

/2
)+

 
3/

2+
 

3/
2+

 
rn

 
56

(1
)1 

4,
5i

g 
>

7/
21 

>
7/

21 
a 

57
.0

15
(1

1)
 

2 
b .,

 c ,
 e .,

f ., 
g 

0.
39

0 
(3

6)
 

5 /
2+

 
3/

2+
J 

3/
2+

, 
s1

2+
 

S/
2

+
 

� 
17

0.
95

8(
14

) 
2,

3 
c ,

g 
(5

/2
+
) 

3 /
2+

, 
5/

2 
(S

/2
+
) 

23
7.

73
2(

15
) 

2 
g 

} 
7 1

2+
 

3/
2+

, 
5 /

2+
1c. 

3/
2+

, 
5J

2+
1c.

 
� 

24
0.

5(
10

) 
4 

g 
11

2+
,

9 /
1,+

 
11

2+
., 

9/
2+

 

27
1(

1)
 

5 
b .,

 c .,
 g

, 1
 

1.
18

 (1
4)

 
( U

/ 2)
-

9 /
2-

, 1
11

12
-

9/
2-

, 
11

/2
-

t-3
 

28
9.

53
1(

17
) 

2 
g 

} 
3/

2+
 

3 /
2+

 
3/

2+
, 

s1
2+

 
3/

2+
 

> 
29

3.
 78

6(
26)

 
1 1

2+
, 

3/
2 ,

 5
/2

+
 

11
2+

, 
3/

2,
 s

12
+

 
r4 

29
4.

58
6(

16
)

0 
g 

11
2+

 
11

2+
 

C/2
 

31
5 

(3
)

3,
4 

g 
7 /

2,
9/

2+
 

7/
2,

 9
/2

+
 

31
8.

85
8(

18
)

(5
/2

)+
 

11
2+

, 
3/

2+
, 

5/
2+

1c. 
(5

/2
)+

k 
C: 

35
1.5

89
(1

9)
2 

b .,
c ,

g 
0.

43
 (4

) 
3/

2+
 

(5
/2

)+
 

3/
2+

, 
5/

2+
 

3/
2+

 

45
4.

54
9(

39
)

2 
g 

(S
/2

)+
 

3 /
z+

m 
J/

2+
.,

 
s1

2+
 

(S
/2

)+
 

C:
 

47
9.

77
7(

36
)

2 
b .,

 c ,
g 

0.
20

4
(1

2)
 

3/
2-t-

(3
/2

)+
 

3/
2+

, 
5/

2+
 

3/
2+

 
� 

54
0.

05
3(

35
)

0 
b .,

c ,
g 

0.
03

6 
(1

0)
 

11
2+

 
1/

2+
 

11
2+

 
0

 
56

3.
5(

10
)

5 
g 

9/
2-

, 
11

12
-

9 /
2-

, 
11

12
-

l2j
 

56
7.

54
6(

30
)

2 
g 

0.
11

4(
6)

 
s1

2+
 

5 /
2+

 
5/

2+
 

l:rJ
 

56
8.

85
(6

) 
0 

g 
1/

2+
 

11
2+

 

58
3.

39
(1

2)
4 

b .,
c,

g 
11

2+
, 

9/
2+

11
2+

, 
9/

2+
 

� 
�

 
58

6.
47

(1
2)

1/
2,

 3
/2

 
1/

2 ,
 3

/2
 

�
 

62
6.

36
(5

)
7 /

2 ,
 9

/2
 

7/
2,

 9
/2

 
70

9.
98

1(
27

) 
(0

) 
e

0.
04

 
1/

2,
 3

/2
 

1 /
2(

+
), 

3/
2 

1/
2(

+
) 

(3
/2

) 
Cl

 
N

 
79

7.
16

(8
) 

} 
(1

) 
0.

07
 

1 /
2,

 3
/2

 
1 1

2+
, 

3 /
2 

11
2+

, 
3/

2 
N

 
81

0.
60

(6
) 

e
1/

2(
+
),

 3
/2

, 5
/2

+
 

1/
2(

+
),

 3
/2

, 
5/

2+
 

- ....
82

3.
09

(5
) 

n 
= 

(+
) 

1/
2(

+
),

 3
/2

, 5
/2

(+
) 

1 /
2(

+
),

 3
/2

(+
),

 5
/2

(+
)

83
0.

43
(7

) 
4 

b,
 C

 
0.

24
8(

32
) 

11
2+

 (9
/2

)+
 

11
2+

 
(9

/2
)+

 
s 

85
4.

07
(8

) 
n

=
 (+

)
1 /

2+
, 3

/2
 

11
2+

, 
3/

2(
+

) 
!"'

 
86

7.
78

(8
) 

2 
b,

c
0.

05
6(

8)
 

3/
2+

 
3 /

2+
 

.... 
90

2.
84

2(
28

) 
0,

2(
1)

 
f 

O.
o3

, 0
.0

5
1/

2(
+)

, 
3 /

2 
1 /

2(
+

), 
3 /

2 
90

9.
83

(8
) 

3 /
2+

, 
S/

2+
 (

1/2
) 

3/
2+

, 
S /

2+
(1

/2
) 

b
91

4.
19

(1
3)

 
4 

b,
 C

 
0.

16
0(

24
) 

(7
/2

)!
 

7 /
2 ,

 9/
2+

 
(7

/2
)+

 

97
4.

78
(8

) 
11

2 c
+
) ., 

3/
2,

 s
12

c+
) 

1/
2(

+
), 

3/
2,

 5
/2

( +
) 

0
 



t--1
 

1-t
 � > N
 

N
 - .... co
 

co
 s :-'
 .... 0:,
 

(A)
 l � 0
 ,_. co co

Ec,l
/keV

 
TAB

LE 
4 co

ntinu
ed. 

( 2J +
 1) S

b
J� 

.... 
...

ln
 

(d, p
) 

from
 Ref

. 
( d

,p
) ,

 (t
, a)

b,c
 

(11
,,,

, y
)d

 
pres

ent 
work

 r
esult

ing 
assignm

ent 
984.

17(7)
 

1011
.01(6

) 
1047

.05(2
1) 

1054
.34(1

4) 
1098

.99(1
3) 

1109
.23 (7)

 
1116

.86(1
2) 

1199
.41(6

) 
1229

.84(8
) 

1281
.22(1

1) 
1291

.25(9
) 

1349
.71(9

) 
1447

.28(9
) 

2 (0) 0 2 

b,c e b,c b, C b, C 

<0.0
36 

0.08
 

0.01
0(4) 

0.064
(4) 

0.11
6(12

)

3/2+
,s/2

+ 

3 /2+
 

3/2-
_ 

1/2, 
3/2 

1/2, 
3/2, 

S/2+
 

112(+
), 3/

2 
3/2(+

), 5/
2(1/2

) 
1 /2 (+

), · 3/
2 , S/

2 
3/2, 

S/
2 

3/2+
, 5/2

(+) 
3/2- 1/2, 

3/2 
3/2(

+) (1
/2) 

11
 Pres

ent w
ork. 

The 
num

bers
 with

in bra
cket

s giv
e the

 erro
r of 

the l
ast g

iven
 digi

ts. 
b 

From
 Ref

. 7. 
c 

From
 Ref

. 9. 
d

 Fro
m R

ef. 8
. 

� Fro
m R

ef. 3
4. 

r Fro
m R

ef 3
5. 

8 
Pres

ent (
d, p)

-reac
tion 

stud
y. 

h De
duce

d fro
m th

e ob
serve

d pr
oton

 inte
nsity

 (Fig
. 5) 

relat
ive t

o th
e 57

 keV
 pea

k un
der 

the a
ssum

ption
 l n =

 2.
1 Qu

estio
nabl

e sta
te, s

ee S
ectio

n 3 
and 

Ref. 
14.

J See
 comm

ents 
Secti

on 3
 and

 Ref
. 14.

 
k .M

l + 
E2 c

hara
cter 

of th
e 81

.1 ke
V tra

nsiti
on p

ostu
lates

 sam
e pa

rity 
and 

spin
 diff

eren
ce 

s 1 
for t

he 2
37.7 

keV 
3/2+

 
or 5 /

2+
 
state

 and
 the 

318.
9 ke

V st
ate. 

1 Fro
m R

ef. 3
6.

m Se
e com

men
ts Se

ction
 3. 

Prop
ertie

s of
 the 

101 M
o sta

tes fo
r 

E e;f 
s 14

4 7 .2
 ke V

 as 
dedu

ced 
from

 the
 pre

sent
 and

 oth
er

e:iq1e
rime

nts. 

3/2+
, s 12

+
 

1/2(+
), (3

/2) 
1 12+

 
112, 

3/2, 
s12+

 

1/2( +
), 3/

2 
3/2+

 

3/2(+
), 5

/2
 (l/2

)
1/2(+

), 3/2
, 5/2

 
3/2, 

S/
2·

 
3/2+

, 5/2
(+) 

3/2- 1/2, 
3/2 

3/2(
+) (1

/2) 

fJl
 

l:i::I
 i l:i::I
 ,.., > r rn ,.., � ()
 ,.., C:
 " l:i::I
 

0
 

l:rj
 

I:"'
 � � 



SEYFARTH ET AL. : STRUCTURE OF LOW-LYING • • • 

I 
I ' .  -- ·  i- - · - -- ._ __ ... ._ 11,20 .e ,oau ., 100 I 
I 

t 
I 
I 
I 
I 

I 

t 
I 

• I 
I 
I 
I 
I 
I 
I 
I . .
I 
I 

-� 'f� 

" 
I 

i.--
-

I+- -

I � 

.._ ._  _ _  ., .. _ .. .  --

i.- - -

S3U 
4Z0,4 
415,9 
3SU 
230.2 
140.1 

nu 100 

... 

... 
-

586.4 1.)0 
292�0 361201 
'1z.t 100 
SSS.J 1IO 
391.0 25115 
331.2 10121 

Jl�' �n11 
554.Z 21m 
:nu 43161 

S4ns1,g;:111 
526,6 100 ,aa.s 

479.8 100 
466.J •96111 

• 421.9 3.01151 ,.,.a 0.6�1 
186.0 UJ(131 

454.3 UIUJ 
441.0 100 
lfU 6.51131 
213.5 20.2191 
216.1 6.2191 

01 

. us.o 11 
3Sl.6 53Cil 
33U 3.7Ctl m1 �11, 

305,4 100 
147.t 5.611'1 
.,,, 55161 

294.6 4601 
211.1 4111) 
237 ., 100 
m.o 0.41ll 
SU 1.4W 

2,u ssm
280.3 100 
236.1 34131 
123.0 UC61 

2S9,6 11.0191 
27&.1 100 
232.6 u,s, 

... nu ,a.sis, 
231.0 Ul61 
223.9 .3.1111 

'"·' � 
157.5 100 

�� 113��li\� � 

1 h 
oj:i �� 3 ����!!�=�

,,. ,- cn<111"S:"'"'"' ... �iit pl::l!: .. !Sf;� a
� � c:1 .. :..C'"r:i.b, '°"' 1r \" -llli111ol- lo, b . . . . . .

�l:! � ... ·� ������!�� ii:! l;l  S�te5�s� I� N� - i(?Ss .;;; ;:; ·· tf • •E � ·�i;f� � • . se • .., 
� 

I-

I 100 .m. 
-0. I 21161 

0 101351 
5 21161 
.5 1'151 
0 34(5} 
, 22m 
2 19nt) 

.0 100 

36'. ' 
903. 
664. sea. 
$11, 
3S. 

696.2 
3 141!J 

103 
630.1 11 161 
241.4 10 m 

154.0 78 CUI 
84U 25 151 
197.t 100 m., � R'560.3 6 1  
399.0 43 l10) 

131 374.6 ' 
204.1 100 en., 100 

652.S 1515) 
343.', 23111 

1'11),7 ,ao 
753.t 291131 
639.6 441161 
459.I 6812'1 
356.1 11151 

113.5 100 
7i.G,3 24171 
626.l 14151 
559.6 41191 
507.5 47110I 
317,5 151141 

100 
901161 
471251 
721ZOI 
451141 
401!ij 

( ) 1) h 
�H�H!l!s� 'k't:..,_�Cti»GIN 

ij�����ij �g !t ·� 
ij�--. z § 

Fig. 7. The 1 0 1  Mo level scheme resulting from the present experiments for E�" S 914.2 keV. 
Full points at the lower (upper) end of a transition indicate that at least one coincidence with 
a lower (higher)-lying transition was observed. Open circles indicate questionable coincidences. 
Transitions whicl1 can be placed twice are given as dashed lines. The transitions are labelled by 
their energy and the relative ;,-ray intensity (see text, Section 3). Those states which were esta-

blished also in the p-decay study are marked by an asterisk . 
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Fig. 8. The present 1 0 1Mo level scheme for E," s 1447.3 keV and the slow neutron capture 
state with the transitions from states with Ee� >  914.2 keV (further explanations see Fig. 8).
For the primary transitions from the capture state the r-transition intensities are given per 103 

radiative neutron captures. 

The present level scheme for Bex ::;;: 1447.3 keV and the primary transitions of Fig. 8 yield the neutron binding energy as Sn = 5398.27(8) keV in agreement with the less accurate preliminary value of 5398.4(5) keV1 0· 1 9). According to the used 1 2C (n, y) calibration energies the given value of Sn finally is based upon the remeasurement of the 1 9 8Au 411 .8 keV line4 0>. The energies of the low-lying states are based upon the energies of the secondary y-rays. Their systematic error can be estimated from the fitted Mo and Pb K X-ray energies which are given in Fig. 2. These energies (with total fitting errors) of 17.436(5) keV for Mo Ka 1 • 2,
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10,-.tJ-3 L.....---L------.--....L--.-----,.---.-----L.J-,r-'---.---..--l--r'---,------i�U=l2,_-........ 
O 500 1000 Eex /keV 

lFig. 9. Experiment.al (vertical bars) and calculated (sloping lines) statistical population of the
dow-lying 101Mo states for thermal neutron capture in 100Mo. The experimental values have been 

erived as diff crence between the tot.al intensity of transitions depopulating a level and the total 
intensity of transitions populating the level from the known states with Ee� .S 1447.2 keV and 
the capture state. The exclusion of these discrete transitions reduces the influence of nuclear 

structure effects. 

72.810(5) keV for Pb Ka2 and 74.968(5) keV for Pb Ka 1 agree very well with the revised values4u of 17.443, 72.806 and 74.971 keV, respectively, which excludes a systematic error outside the total fitting errors given in Table 2. The �ompleteness of the level schemes of Figs. 7 and 8 can be estimated from the total ground state population with the use of the absolute capture y-ray inten­sities. The y intensities of transitions feeding the ground state from the 171 .0 keV to 1447.3 keV states sum up to 18.4(12)/100 n. The 1 3.5 keV state (total popula­tion from these states 39.7(9)/100 n) and the 57.0 keV state (total population from these states 30.5(1 1)/100 n) feed the ground state, too, which yields the total ground­state population as 88.6(18)/100 n. The missing intensity can be ascribed to the statistical population of the ground-, 13.5 and 57.0 keV states (calculated values of Fig. _9). For most of the states the data of Table 4 demonstate how the spin and parity assignments result. A number of states need additional comments. 
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Fig. 10. IBM spectrum of the core. The calculated levels are fitted to the O (6) subsets of experi­
mental levels in 1 00Mo. The grouping of the levels into the O (6) and SU (5) subsets follows 

Ref. SS and preliminary data from Ref. 56. 

13.5 keV and 57.0 keV states: The time-distribution studies at JOSEF and LO­HENGRIN9 4> yield an average value of T 112 = 226(7) ns for the 13.5 keV state. Its total population in the (n, y) reaction is 84.6(38)/100 n, including that from the 57.0 keV state and the statistical population (calculated as 9(3)/100 n according to Fig. 9). This value and the y-ray intensity of 7.8(29)/100 n yield the total conver­sion coefficients of the 13.5 keV transition to the 1/2+ ground-state as 9.8(41). Comparison with the total conversion coefficients at (Ml) = 1 1 .6, a, (E2) = 2750, <Xr (El) = 5.30 and at (M2) = 236042> yields almost pure Ml or El  characterfor the 1 3.5 keV transition with a possible small E2 or M2 admixture of 
< 8 · 10- 4 and � 4 · 10- 3, respectively14>.
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For the 57.0 keV state the transfer-reaction studies yield Jn =  5/2+ 7•9>. Themeasurements at JOSEF and LOHENGRIN result in an average value of T11 2 = 
= 133(7) ns for this state1 4>. Its total population including the calculated statisticalpopulation of 5.4(18)/100 n is 35.9(21)/100 n. From the (n ,y) singles spectra the upper limit for the y intensity of a possible (E2) ground state transition besides the 56.892(20) keV line results as � 0.02/100 n. With the total E2 conversion coefficient of 9. 1 1  the total 57.0 keV transition intensity is < 0.2/100 n. Neglectingthis branch, the total population of the 57.0 keV state and the y-ray intensity of the 43.5 keV transition of 2.37(16)/IOO n yield the total conversion coefficient of this transition as 14. 1(13). The total conversion coefficents a, (Ml) = 2.77, a, (E2) = 
= 23.9, ar (El) = 1.38 and ar (M2) = 62.442> yield the E2 or M2 component inthe 43.5 keV transition as 53(10)% and 21(3)%, respectively, in good agreement with 60(30)% and 17(8)% from the study at J0SEF1 4> • . As is discussed in Ref. 14, the half-life of the 57.0 keV 5/2+ state, the qua­drupole/dipole mixing ratio of the 43.5 keV transition, and the dipole character of the 13.5 keV transition to the 1/2+ ground-state allow only Jn = 3/2+ for the 13.5 kcV state. The 43.5 keV 5/2+ � 3/2+ y-transition contains a strong E2 com­ponent of 54(9)%, the partial y-transition probabilities are P,, (Ml) = 1.6(3) · · 105 s- 1 and P.,, (E2) = 1.9(4) · 104 s- 1 or 6.3(10) · 1 0- 5 and 34(8) Weisskopfunits (W. u.), respectively. The 13.5 keV 3/2+ -? 1/2+ ground-state transition is of almost pure Ml character with P,,(MI) = 2.25(18) · 105 s- 1, correspondingto 3 · 10- 3 W. u., and a possible small E2 admixture of � 8 · 10- 4

• The possibility of an additional state at Bex � 56 keV near to the 57.0 keV level is dicussed in Ref. 14. The fact that in the proton spectrum from the ( d, p) reaction the 57 keV peak shows a slight broadening for angles � 30° only, would indicate ln > 2 with ln = 4 or 5 being favoured (cf. Fig. 6a). No lines in the (n., y) spectrum were found which could correspond to transitions depopulating the 
TABLE S. 

Statistical Radiation Total 
ln J:r level character conversion l,0,c/100 n T'{�2d/s population° Jn -+ 3/2+ coefficientb /lOO n 3 5J2- 7 El 1 .47 s 0.5 1 .7 • 10- 1 2 

112- 2.5 M2 68.4 s 13.9 1.5 . 10- 4 4 112+ 2 E2 26.0 s 5.4 5.3 ' 10- G 9/2+ 0.3 M3 1250 S 250 4.3 • 102 
5 9/2- 0.3 E3 774 s 155 1.0 . 10 1 

1 112- 0.03 M4 7310 S 1462 6.2 . 109 

" From Fig. 9. 
b «rot from Ref. 42. 
0 Total intensity 1,ot = 11 (1 + a,o,), 
d Weisskopf estimate including internal conversion. Decay properties of the questionable level at 56 ke V calculated for different neutron angular momenta and with the experimental limit of lv s 0.2/100 n for the 42.5 keV transition to the13.S keV 3/2 + state.
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possible additional state (the upper ,,-ray intensity limits for � 42.5 and � 56 keV transitions are 0.2/100 n and 0.05/100 n, respectively). The population of a low­lying state with spin J from the higher-lying states in the quasi-continuum accordingto Fig. 9 is calculated as � 9/100 n for J = 3/2 and � 7/100 n for J = 5/2. Thesenumbers for the statistical level population, being lower limits for the total popu­lation of a state, should lead to an observable y depopulation. Thus the missing y-transition intensity would favour a high spin J > 1/2 for the possible � 56 keVstate in agreement with the (d, p) data. For J > 1/2 this level should be isomeric(cf. Table 5). A search for a � 42.5 or 56 keV delayed transition has been per­formed by taking y-ray spectra after shutting the neutron beam. No evidence could be found as yet for half-lives in the order of minutes to hours. Thus at pre­sent the existence of an additional � 56 keV level stays unproven. 237.7 and 240.5 keV states: The present high-resolution (d, p) reaction study resolves a doublet at 237.8 keV (ln = 2) and 240.5 keV CZn = 4). Only for firststate the population and depopulation is established through the data from 1 01Nb p- decay and the (n, y) reaction. For the level at 240.5(10) keV the (n, y) singlesspectra allow a weak transition of 1 82. 1(5) keV and I., = 0. 1 1(5)/100 n to the 57.0 keV 5/2+ state. For the transitions to the 13.5 keV 3/2+ state and the 171 .0 keV (5/2+) state only upper limits of 0.07/100 n and 0.06/100 n, respectively, can be deduced. The total depopulating intensity of ::;;: 0.36/100 n including internal conversion is compatible with Jn = 1/2+ or 9/2+ (Fig. 9). 293.8 and 294.6 keV states: In the 1 01Nb p- decay only the lower state of this doublet is populated. Preliminary results of the (n, y) study1 0> only contained its upper member. However, the ,,_,, coincidence intensity ratios of Fig. 4 clearly show the existence of both states. The high-resolution (d, p) study shows that the peak at 295.0(5) keV is mainly excited with ln = 0. Therefore, J:r = 1/2+ is assigned to the 294.6 keV state. The observed intensities of the indirect coinciden­ces between the 180.7 keV transition depopulating the 237.7 keV 3/2+ or 5/2"+ state and the transitions feeding the 294.6 keV 1/2+ state are higher then expected according to the y-ray singles intensities of the weak intermediate 56.9 keV transi­tion. This finding can be explained by internal conversion of the 56.9 keV transi­tion. The measured coincidence intensity ratios ( e. g. that of Fig. Sb taking into account the coincidence detection efficiency) yield at = 7(2). This value indicates 
E2 character for the 56.9 keV transition (at (Ml) = 1 .27, at (E2) = 9. 18)42> and thus allows Jn = 5/2+ for the 237.7 keV state. 3 15  and 318.9 keV states: The present (d, p)-reaction study reveals a weakly ex­cited state at 3 15(3) keV with ln = 3 or 4. It might be identical with 318.9 keV state from the y-spectroscopic investigations. Then the high statistical population of thisstate (Fig. 9) would only allow Jn = 5/2-. Strong coincidence peaks are observed be­tween the 584.0 and 972.6 keV transitions populating the 318.9 keV state and the de­populating transitions of 8 1 . 1  and 305.4 keV. For both populating transitions the coincidence intensity ratio (corrected for detection efficiency) of 0.56(6) agrees well with the singles intensity ratio I,, (81. 1)/1,, (305.4) = 0.54(6). However, for the584.0 keV and the 972.6 keV transition the indirect coincidences with the 1 80.7 keV transition are by a factor 2.22(24) stronger than those with the 8 1 . 1  keV tran­sition. The higher intensity of the indirect coincidence must be explained by in­ternal conversion of the intermediate 8 1 . 1  keV transition between the 318.9 keV 
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level and the 3/2+ or 5/2+ state at 237.7 keV, because no additional transitions have been found which could connect these states. Regarding the decay pattern of the 237.7 keV state under assumption of pure Ml character for the 180.7, 223.9 and 238.0 keV transitions, the total conversion coefficient of the 81. 1  keV transition results as ac = 1.34(26). Use of the theoretical conversion coefficients at (Ml)= 0.46, at (E2) = 2.58, at (El) = 0.23 and a, (M2) = 5.7442> yields 42( 13)% E2in the 81. 1  Ml/E2 transition for positive parity of the 3 18.9 keV state or 20(5)% M2 admixture for El/M2 character and negative parity. Such a high M2 admixture would result in a µs half-life of the state which contradicts the observation of unattenuated prompt coincidences in the time window of 60 ns. Therefore, the 81. 1 keV transition is of Ml + E2 character and the spin of the 3 18.9 keV state(n = +) must differ from that of the 237.7 keV 3/2+ or 5/2+ state by at most oneunit with 7 /2 + being excluded according to the high experimental value for thestatistical population. This conclusion is in agreement with the results of the re­sonance capture study8> which suggests J:r = (5/2)+ for the 3 18.9 keV state.For the additional ln = 3 or 4 state at 3 15(3) keV the weak (n, y) line of 143. 1( 1)keV and ly = 0. 12(4)/100 n may correspond to the transition to the 171 .0 keV(5/2+) state. For the additional possible transitions to the lower-lying 3/2+ , 5/2+ and 7/2+ states at 13.5, 57.0, 237.7, 240.5, 289.5, and 293.8 keV only upper ly limits of 0.03, 0.08, 0.02, 0.07, 0.04 and 0.05/100 n, respectively, can be deduced. The total depopulating intensity including internal conversion of ::S:: 1.2/100 n is too low to counterbalance the lower limit given by the statistical population of a 5/2--: state (Fig. 9). Therefore Jn = 112-, 7/2+ or 9/2+ has to be assigned to this state. 454.5 keV state : The present (d, p)-reaction experiment yields a clear ln ...:.... 2 proton angular distribution (Fig. 6b) and excludes the tentative 1/2+ assignment. � of Refs. 7 and 9. For ln=2 the data from the 1 0 0Mo (t,d) experiment9> would favour Jn = 5/2 + . The study of the y radiation from resonance neutron capture in 1 00 Mo8>gives 3/2+ for this state according to the primary (dipole) transition to this level in the 1068.2 eV p-wave resonance to which Jn = 112- is assigned in Ref. 8. How­ever, as is discussed in Ref. 14, for this resonance Jn = 3/2- cannot be excluded definitely and thus the resonance neutron capture data allow J:r = 3/2 + and 5/2 + � for the ln = 2 454.5 keV state in agreement with Jn = 5/2+ favoured by the (t, d)measurement. 563.5, 567.5 and 568.9 keV states: A primary transition of 4832.6(10) keV in the 97.2 eV 3/2- neutron resonance suggests a state at 565.8(10) keV which is depopu­lated by a 567.8(5) keV ground-state transition and possibly by a 555.1(5) keV transition which can be placed twice in the level scheme8>. In thermal neutron capture a primary transition of 4829.5(2) keV from the 1/2+ capture state popu­lates a state at 568.8(2) keV. It is observed in coincidence with the 555.3 keV tran­sition, whereas no coincidence with the 567.4 keV transition is found. Thus two near-lying states must exist .. Both are confirmed by secondary transitions. With the assumption of dipole character for the primary transitions, the 567.5 keV state (primary transition from the 3/2- resonance capture state) has J = 1/2, 3/2 or 5/2,whereas the 568.9 keV state only can have J = 1/2 or 3/2. With these two excita­tion energies the proton angular distribution of the present high-resolution ( d, p) study reveals three components in the complex peak around 566 keV: 563.5 keV 
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with ln = 5, 561.6 keV with ln = 2 and 568.9 keV with ln = 0 (i. e. J:i = l/2+).In the present (n, y) study only one weak transition of 392.9 keV with I., = 0.25(14)/ 100 n was found which could depopulate the 563.5( 10) keV state. This transition can also be placed between the 1447.3 and 1054.3 keV states (Fig. 8). The low experimental upper limit for the total population of the 563.5 keV state (Fig. 9) supports the high spin assignment of 912- or 1 1/2-. The level energies given in Ref. 9 lie systematically by 2-3 keV lower than those of the present work. There­fore, the 564 keV ln = 2 peak of Refs. 7 and 9 corresponds very likely to the 567.5keV state of the present work. Then for this state the polarization asymmetry9> yields J� = 5/2 +.583.4 and 586.5 keV states : The earlier neutron-stripping reaction studies7 • 9> and the present (d, p) measurement yield an ln = 4 state, i. e. J:i = 7/2+ or 9/2+ ,at 583.4 keV. Its high spin value is compatible with the 412. 1  keV transition to the (5/2+) state at 171.0 keV. The weak 4813(3) keV primary transition in the 364 eV 1/2+ resonances> yields a level at 585(3) keV which has J = l/2 or 3/2,if dipole character of the primary transition is assumed. The present study leads to a state at 586.5 keV which is depopulated by two transitions to states with 
J:r = 1/2 +. Their total intensity is compatible with a low spin value of the 586.4keV state (Fig. 9) which therefore ·should correspond to the state populated in resonance neutron capture. 626.4, 830.4, 914.2 and 1447.3 keV states : The low experimental statistical popu­lation (Fig. 9) and the fact that no primary transition is observed in any 1/2 and 3/2 neutron resonance8> favour J > 1/2 for the first three states. Assumption of dipoleor quadrupole character for the 388.6 keV transition between the 626.4 keV state and the 237.7 keV J:r = 3/2+ or 5/2+ state only allows J = 1/2 or 9/2 for the 626.4keV state. For the 830.4 and 914.2 keV states the assignment J � 1/2 is in agree­ment with ln = 4, i. e. J;r = 7/2+ or 912+ 7• 9>. For the 9 14.2 keV state the 1 0 0Mo
(t, d) measurement9> favours Jn = 1/2+ which is compatible with the transitionspopulating and depopulating this state (Figs. 7, 8). For the 1447.3 keV state the strong primary (dipole) transitions in thermal and 1/2+ 364 eV resonance neutron captures> only allow J = l/2 or 3/2. The 616.8 keV transition to the 830.4 keVstate with J:r = 7/2 + or 9/2 + which is too weak to the observed in coincidencewould only allow Jn = 1/2+ for the 830.4 keV and Jn= 3/2+ for the 1447.3 keV state, if M2 character for this transition is excluded according to the y-decay pat­tern of the 1447.3 ke V state. 

4. Theoretical description

The calculations for 1 0 1Mo were performed in the framework of the SU(6) symmetry by coupling a neutron quasiparticle in the N = 50 - 82 shell to the
1!�Mo5 8  core. The even-even core nucleus 1 0 0Mo is described in the interacting boson model IBM4 3>/TQM44• 4 5> and the odd-even nucleus 1 0 1Mo in the inter­acting boson-fermion model IBFM46>/PTQM4 5 • 4 7>. The calculations use theTQM representation of IBM with the Hamiltonian given by the equations 5 and 9-13 of Ref. 47.
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It should be noted that the available experimental data put very stringent requirements on the theoretical description of this nucleus. In 1 01Mo there is a pronounced low-lying triplet of states with Jn = 1/2+ (g. s.), 3/2+ at 1 3.5 keV and 5/2+ at 57.0 keV. These three states are characterized by four experimental features : 
I,, (5/2i -+ 1/2+)/I,, (5/21 -+ 3/2t) < 0.008.54(9)% E2 admixture in the 5/21 -+ 3/2t transition. The 3/2i -+ l/2t Ml transition is strongly hindered 
(P,, (Ml} = 2.25(1 8) · 105 s- 1 or 3 · 10- 3 Weisskopf units) and the E2 admixture is small (:5: 8 · 10- 4). For the spectroscopic factors the transfer data of Table 4 yield Sd,p ( 1/2+) � S4.p (5/2+) � S4, p  (3/2�).

(l a) ( lb) 

( le) 
(ld) 

The experimental feature (ld) excludes the interpretation of the 3/2+ member of the low-lying triplet as the d312 quasiparticle state. This is in accordance withthe observation that the �12 quasiparticle state is not close1 6> to the Fermi sur­face in this mass region. Next we note that the features (la, b, d) also exclude the possibility to inter­pret the low-lying triplet in 1 0 1 Mo as the IBFM anomalous triplet of states J = 
= j = 5/2, J = j - 1 = 3/2, J = j - 2 = 1/2, associated with a d!,2 quasipar­ticle configuration. A first calculation on 1 0 1 Mo along this line of J = j - 2 para­metrization was performed 48> similar to those for the heavier N = 59 isotones
1 05Pd49> and 1 0 3Ru5 0>. As for these cases the J's,2 quasiparticle is the lowest­lying one. However, in the present calculation somewhat stronger boson-fermion interaction strengths have been used. In this picture the 1/2u 3/2 1 and 5/21 states have lds12, 12; 1/2), ld512, 12; 3/2) and jd512, 00; 5/2), respectively, as the lar­gest component with small admixtures arising from the other quasiparticle states.Such a pattern, refferred to as J = j - 1, j - 2 anomaly, was previously studiedin the frame of IBFM and of the cluster-vibration model 5 1 - 5 3>. The electromagnetic properties associated with the J = j - 2 parametriza­tion would be as follows. Employing the effective charges from the 1 0 3Ru calculation5 0> and standard gyromagnetic ratios (gR = Z/A, g1 = g�free = 0, C:s =, 
= 0.1g;free), the reduced probabilities for the 3/2 1 -+ 1/21 transition are48> :  B (E2,3/21 -+ 1/2 1) = 0.0028 e2b2, and B (Ml, 3/2 1 -+ 1/2 1) = 0.0034 µi. They resultin P,, (E2) = 1 .54 · 101 s- 1, P.,, (Ml) = 1.49 · 105 s- 1 for the 13.5 keV ground­state transition or T11 2 = 340 ns for the 13.5 keV level in rather good agreementwith the experimental values of P,, (E2) ::;;;; 2.4 · 102 s- 1 and P.,, (Ml) = 2.25(1 8) •· 10 5 s - 1 as deduced from the total conversion coefficient and the measured value
T 112 = 226(7) ns. However, for the depopulation of the second excited state theresults in the J = j - 2 parametrization are : B (E2, 5/21 -+ 3/2 1) = 0.0001 e2b2,
B (E2, 5/2 1 -> 1/2 1) = 0.047 e2b2, B (Ml, 5/2 1 -+ 3/2 1) = 0.0007 µi. Thus the
J = j - 2 parametrization predicts : 
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a) l"I (5/2� -> 1/2n/11 (5/2: ->- 3/2:) = 0.34,b) 0.1 % E2 admixture in the 5/2: -+ 3/2; transitionin contradiction to the experimental data ( la, b). This discrepancy is a persistentfeature of the 2';11 pattern rather insensitive to details of parametrization. In addi­tion, the J = j - 2 parametrization predicts a small spectroscopic factor forthe 1/2 1 ground state in contradiction to the experiment ( ld). Thus, realistic calculations on 1 0 1Mo must follow a different line. Let us·first construct the zeroth-order approximation for the structure of the lowest­lying triplet of levels which accomodates the features ( 1 a-d). A natural choice is 
1 112 1>0 = Is 1, 2>

1 3/21)0 = lds1 2, 12; 3/2)
I S/21 )0 = lds,2)

with the s 1 12 and d512 quasiparticle states being nearly half-fille�, i. e.

(2a). 
(2b) 
(2c) 
(3a) 
(3b) 

in accordance with the experimental neutron-transfer data 3 4• 3 5>. Here, the IBF M basis states are denoted by (4) 
where the quasiparticle state j and the boson state with nd d-bosons of angularmomentum I are coupled to the total angular momentum J. Thus, in the zeroth order we assign the 3/2 1 state to a d-boson multiplet state involving the ds, 2 quasi­particle. Employing the identification (2a-c) we have in the zeroth-order: 
Here we have employed also (3a, b). Thus J,, (5/2 1 -> 1/2 1) :::::: 0, i. e. the feature ( la) is satisfied 
Thus, the feature ( lb) can be satisfied. 
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since the Ml operator does not change the number of d-bosons. Thus, the feature ( le) is satisfied. 
(8) 

where we have employed also (3a, b). These results satisfy the feature ( Id). In the next step we are using the zeroth-order approximation (2a-c) and (3a, b) as a guideline for our calculation. It immediately follows for the quasi­particle energies that 
(9) 

The basis state (2b) can be lowered below the d512 state as an effect of the j - Ianomaly which in IBFM emerges as a consequence of the exchange force4 7 •5u. If the strength A0 of the exchange force is sizeable and the relation (3b) is satis­fied, this lowering will appear. Let us now turn to the IBM core for the IBFM calculation. The core nucleus 
1 0 0Mo is rather complex. It has been interpreted as a case of coexisting structures5 5> One which includes the ground-state band approximately corresponds to the 0(6) limit, whereas the second one corresponds to the SU(5) limit (see Fig. 10). Since we are investigating only the low-lying states of 1 0 1  Mo, we  are fitting the IBM core to the 0(6) subset of experimental levels. In this way we obtain the IBM spectrum presented in Fig. 10. The corresponding core parameters are h 1 = :;::: 0.45, lz 2 = -0.15, h3 = 0.007, h4 0 = h44 = 0, h4 2  = -0.12 which is a so­mewhat distorted 0(6) type of parametrization. The boson number N = 6 cor­responds to the valence-shell nucleons outside Z = 38, N = 50. The IBM wave­functions of several low-lying states are presented in Table 6. The wave functions are expressed in the sd-boson basis 

I I) = L �n4,01 Ind v[).
1111.0 

Here lndv/) denotes a state with nd d-bosons, coupled to the angular momentum I, and with N - n4 s-bosons. The number v is an additional quantum number to distinguish, if needed, between different states of the same n4 and I. Employing this core parametrization and previous guidelines for the quasi­particle and boson-fermion interaction parameters, we determine the IBFM pa­rametrization in such a way as to get an overall agreement with the 1 0 1  Mo data. The s 11 2, d51 2, 71,1 2 and �/2 quasiparticle energies and occupation probabilitiesresult as 0, 0.26, 0.56 and 1.0 MeV and 0.50, 0.65, 0.28 and 0.25, respectively. The boson-fermion interaction strengths are A 0 = 0. 1, I'0 = 0.04 and A0 = 1.0MeV. The calculated positive-parity spectrum is presented in Fig. 11 and com­pared to the available experimental levels. In Table 7 the IBFM wave functions of the 6 lowest-lying calculated states are presented. The wave functions are ex­pressed in the boson-fermion coupled basis 
IJ) = L �fn4vl Ii, 1Zd 'l) I; J).

j,n11.o.I 
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TABLE 6. 

01 21 22 41 
t14Ja �n4l 124]• En"I �n"I n,P �n,I 

00 0.72 12 0.75 0.03 24 0.79 
20 -Q.63 22 -0.03 0.79 34 -0.04
30 -0.01 32 -0.61 -0.02 44 -O.S9
40 0.30 42 0.02 -0.59 44' 0.00 
so 0.01 42' 0.01 0.00 54 0.02
60 -0.06 52 0.24 0.00 54' -0.01
60' -0.00 52' -0.00 0�01 . · 64 0.17

62 -0.01 . 0.17 64 0.00
62' -0.00 -0.00 · 64" -0.00

a The following notation for the basis states is employed: n.,I denotes the boson state 
j1J4V1owe1sr J) (the quantum number v is not needed for n, < 4). Otherwise, we abbreviate lnJV'l) 
by jn4I1), where "' > 'Vrowesr• 

Wave-function amplitudes of the O., 2 1, 22 and 41 states of the boson core. 

TABLE 7. 

J, j, n"l" �'114[ J, j, n,111 �rn,I 

1/21 s112, 00 0.59 3/22 ds12, 22 0.48 
S112, 20 -0.57 ds12, 24 -0.33
S112, 40 0.32 ds12, 42 -0.47
ds12, 22 -0.26 ds12, 44 ·o.31
ds12, 42 -0.22 ds12, 62 0.21 
C112, 24 -0.21 8112, 24 0.22 

C112, 44 -0.23
3/21 ds12, 12 0.60

ds12, 32 -0.64 7/21 ds12, 24 -0:29
ds12, S2 0.34 ds12, 44 0.28 

C112, 00 0.44 
5/21 ds12, 00 0.52 8112, 20 -0.54

ds12, 20 -0.60 8112, 24 -0.2S
ds12, 24 -0.23 8112, 40 0.38
ds12, 40 0.39 8112, 44 0.25 
ds12, 44 0.22 

a for notation of the boson states 
5/22 ds12, 12 0.36 see footnote to Table 6. 

ds12, 32 -0.38
ds12, 52 0.21 
8112, 12  0.44 
C112, 32 -0.50
C112, 52 0.29 

Wawe function amplitudes of the lowest-lying calculated positive parity states in1 0 1  Mo. Only components with amplitudes squared larger than 4% are listed. 
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Fig. 1 1 .  Calculated low-lying positive-parity states of 1 0 1Mo in comparison with the experimental 
states. The present (d., p) study indicates the possible existence of an additional state at 56 keV 

with J � 1/2. 

In the basis state Ii, ndv/; J) the quasiparticle j and the 1zd-boson state lndv/) of
angular momentum I are coupled to the total angular momentum J. Employing 
these wave functions we have calculat ed the electromagnetic properties of the low 
lying states using the following effective charges and gyromagnetic ratios : e" = 0.5,
e"ib = 0.9, CR =  0. 1 7, c, = crfree = 0, Cs = 0.7 c:/ree = -2.68. Here e•, g, and
Cs have the standard values, while e"'b and CR were adjusted to the 1 0 1Mo data. 
In this way the CR value is reduced from its standard value similarly as in Ref. 47. 
The IBFM electromagnetic properties, which result from this parametrization, 
are presented in Tables 8-10. In Table 8 we list the calculated B (E2) and B (Ml) 
values and branching ratios for the transitions between the low-lying positive­
parity states in comparison with the experimental data. In Table 9 we present 
the half-lives of the low-lying states, obtained from the calculated reduced transi­
tion probabilities of Table 8 and theoretical internal conversion coefficients. Table 
10 contains the calculated electric quadrupole and magnetic dipole moments of 
the low-lying states. As can be seen from Table 8, the experimental electromagne-
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TABLE 8. 

Initial Transition° B (E2) B (Ml) y-branching ratio 
state/keV 110- 2e2b2 110- 2µJ calc. exp. 

-------------
13.5 3/21 -+ 1/21 0.26 o.40 100 100 
5to 5/21 -+ 3/21 S.4 0.1 1  100 100 

-+ 1/21 0.001 0.01 so.8 
171.0 (5/22) -+ 5/2 1 1.9 0.002 0.06 6.5(3) 

-+ 3/21 0.20 1 1.2 100 100 
-+ 1/21 0.42 0.10 so.3 

237.7 (5/23) �5/22) 3.7 0.23 0.27 so.2 
-+ 5/21 0.001 4.4 100 100 
-+ 3/21 1.3 0.17 9.7 3.8(7) 
-+ 1/21 0.05 0.09 1 .3(6) 

240.5 (7/21) �5/22) 5. 1 0.1 1  0.5 b 
-+ 5/21 0.02 1 .2 100 b 
-+ 3/21 0.91 s.o b 

289.5 3/22 �7/21) 0.44 0 so.1  
-+(5/23) 0.37 0.56 1 . 1  so.1  
-+(5/22) 0.05 0.24 5.3 10.5(5) 
-+ 5/2 1 0.08 0.01 2.7 4.7(5) 
-+ 3/21 0.30 0.33 100 100 
-+ 1/21 3.1 0.31 163 1 1 .0(9) 

293.8 (3/23) -+(7/21) 0.04 0 S0.3 
-+(S/23) 0 18.7 25 s0.3 
�5/22) 1 .2 0.24 5 S l.7 
-+ 5/21 0.01 0.88 125 34 (3) 
-+ 3/21 4.0 0.19 100 100 
-+ 1/21 0.41 1.8 SOO SS (2)

315 (7/22) -+(3/23) 1 .50 0 b 
-+ 3/22 0.1 1  0 b 
-+(7/21) 0.54 0.007 0.02 b 
-+(S/23) 0.25 0.09 0.2 b 
-+(5/22) 0.004 6.99 100 b 
-+ 5/21 5.85 0.04 25.5 b 
-+ 3/21 0.009 0.1 b 

351.6 3/24 �7/22) 0.22 0 1.6(S)C 
-+ 1/22 o.os 0.001 0.00004 s o.1  
�3/23) 0.25 1 5.5 0.6 SO.I 
-+(7/21) 0.02 0.00006 S l.5 
-+(5/23) 0.03 5.7 1 .7 S 3  
-+(5/22) 0.49 0.47 0.6 S.3(14)
-+ 5/21 0.01 19.9 100 100 
-+ 3/21 0.10 0.02 0.2 3.7(9) 
-+ 1/21 0.006 0.69 5.9 53 (6) 
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TABLE 8 continued. 

Initial Transition° B (E2) B (M1) }'-branching ratio 
state/keV 110-2e2b2 110- 2µ� calc. exp •. . 

454.5 (5/24) -+(7/22) 0.013 7.4 3.3 s l.5 
-+ 3/24 0.14 0.03 0.005 so.2 
-+ 1/22 0.02 0 so.s 
-+(3/23) 0.50 1.3 1 .0 so.s 
-+(3/22) 0.001 18.8 13.9 1.1(5) 
-+(7/2 1) 1.2 0.1 0.2 S0.4 
-+(5/23) 0.02 0.4 0.5 6.2(9) 
-+(5/22) 0.007 12.9 47 20.2(9) 
-+ 5/21 0.49 0.09 1 .S 6.4(13) 
-+ 3/21 0 7.2 100 100 
-+ 1/21 3.3 0 7.2 8.3(22) 

11 Spin values which do not result unambiguously from the experiments are given within 
brackets. The sequence of the calculated 3/22 and 3/23 and of the calculated 1/22 and 1/23 states 
has been interchanged (see text). 

b Due to the high spin the depopulating transitions are expected to be weak in the (11, y) 
reaction and p- decay. However, with use of the calculated branching ratios a weak line of appro­
priate energy could be detected in the (n, y) singles spectra which may correspond to the strongest 
transition, whereas only upper limits can be given for the additional transitions (see Section 3). 

c:: The weak line of 37.0(4) keV may correspond to this transition, see Table 2. 
Calculated reduced transition probabilities and branching ratios for low-lying positive parity 
states in 1 0 1  Mo compared to the experimental data. For each state the y-branching ratios are

normalized to the strongest experimental transition. 

TABLE 9. 

Level0 

E/keV J, 

13.5 
57.0 

171.0 
237.7 
240.5 
289.5 

• See footnote a to Table 8.

T1rz/ns 
calc. exp. 

294 
78 
0.09 
0.14 . 
0.53 
0.19

226(7) 
133(7) 

Calculated half-lives of the low-lying positive-parity states in comparison with the experimental 
data. 

tic intensity rules (la-c) for the low-lying triplet are well reproduced by the· cal­culated results : a) I,, (5/2 1 � 1/2 1)/11 (5/2 1 � 3/2 1) = 10- 4• b) B (E2, 5/2 1 � 3/2 1) is large, B (Ml, 5/2 1 � 3/2 1) is small, yielding an E2 com­ponent of 6% in the 5/2 1 � 3/2 1 transition.c) B (Ml,  3/2 1 � 1/2 1) is 10- 3 times the Weisskopf estimate and the E2/Mlmixing ratio calculated from the B (E2) and B (Ml) values of Table 8 is 8 • 10- 5 • 
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TABLE 10. 

Levela Q/eb /.t//tN E/keV J, 

0.0 1/21 -1.15
13.5 3/21 O.oJ -0.58
57.0 5/21 0.06 -1 .01

171.0 (5/22) 0.09 0.18  
237.7 (5/23) -0.13 0.46 
240.5 (7/21) -0.04 0.85 
289.5 3/22 -0.07 0.76 

0 See footnote a to Table 8. 
Static moments of the low-lying positive-parity states of 101Mo calculated in IBFM. 

The rule ( ld) for the spectroscopic factors is also satisfied, because the calculated amplitudes of the s 112 and J;,, 2 components in the wave functions of the 1/2 1 and 5/21 states are sizeable (amounting to 0.59 and 0.52, respectively), while the amplitude for �12 component in the wave function of the 3/21 state is very small (<0.01). As is finally seen from Table 9, the IBFM calculation yields the half-lives of the 1 3.5 and 57.0 keV levels in rather good agreement with the experimental values. 
5. Discussion 

Let us now discuss the structure of IBFM wave functions of 1 01Mo. It turns out that we can group the components into blocks which approximately resemble the d-boson structure of the core. For example, the components which involve the s 11 2 quasiparticle in the I 1/2 1 ) wave functions can be approximately presen­ted as one block: 
o.59 ls 1,2, oo; 112> - o.57 ls 11 2, 20; 112> - 0.02 1s 1 , 2, 30; 112> +
+ o.32 ls 1, 2, 40; 112> + 0.01 1s 112, 5o; 112> - o.09 ls 112, 60; 112> �

(10) 
In the basis vector I's 11 2, 0 1 ; 1/2) on the right-hand side, 0 1 denotes the wave function of the ground state of the boson core as presented in Table 6. In general, the IBFM vectors 

(1 1) 

form the basis which is referred to as truncated weak-coupling (TWC) basis5 3>. There Ir denotes the wave function of the boson core for the r-th state of angular momentum I. 
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It turns out that the IBF.M wave functions of the low-lying states of 1 0 1 Moexhibit a much simpler structure when transformed from the boson-fermion basis 
(4) to the TWC basis (1 1). By performing such a transformation for the three lo­west states of 1 0 1Mo, we observe that the wave function of each state is domina­ted by one TWC basis state, namely

1 1/2 1 ) = 0.87 17112, O i ; 1/2) + . . .

13/21 ) = 0.93 lds,2, 2 1 ; 3/2) + . .  . 

15/2 1 ) = 0.86 lds12, 0 1 ; 5/2) + . . .  

(12a) 
( 12b) 
(12c) 

This explains, why the features (5)---(8) of the zeroth-order approximation are qualitatively preserved in the IBFM calculation in spite of sizeable interaction strengths. In particular, let us discuss the spectroscopic factors of the 1/2 1 and 5/2 1 sta­tes employing the leading terms in (12a) and (12c). In this way, the spectroscopic factors associated with the O 1 -+ 1/2 1 and O 1 -+ 5/2 1 one-particle transfer are : 
Sd,p (5/2 1) = u (ds12) 2 · (d512, 0 1 ; 5/2J5/2 1 )2 = 0.35 · 0.862 = 0.26.

These values have to be compared with the experimental results which according to Table 4 are 0.18 and 0.07, respectively. Qualitative agreement is found for the 1/2 1 state, whereas for the 5/2 1 state the zeroth order approximation underesti­mates the phonon admixed components in the I 5/2 1 ) wave function. It is interesting to note that the 5/22 state has two sizeable components when transformed to the TWC basis : 
15/22) = 0.56 lds12, 22 ; 5/2) + 0.68 lg',,2, 2 i ; 5/2) + . . .  ( 12d) 

Employing the TWC forms (12b, c) we get 
B (Ml, 5/22 -+ 3/2 1) � B (MI ,  1'ds12, 22 ; 5/2) -+ lds1 2, 2 i ; 3/2)) � 

� B (Ml ,  22 -> 21) and 
B (Ml, 5/22 -+ 5/2 1) � B (Ml,  lds12, 22 ; 5/2) -+ lds12, 0 1 ; 5/2)) = 0and thus 

in agreement with the IBFM values of Table 8 and with the experimental bran­ching ratios. 
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The nature of the low-lying triplet of states is also reflected in the calculated static moments. Thus, the calculated magnetic dipole moments of the states 1/2 1 , 3/21 and 5/2 1 reflect the signs associated with a quasiparticle in the dominant TWC component, i. e. with s 1 12, ds12 and ds,2, respectively. These predictions are pre­served by the boson-fermion interaction due to the mechanism investigated in Ref. 57. Let us comment on two possible problems in comparing the calculated levels and the experimental data. The first is connected with the 294.6 keV 1/2 + level. This level cannot be unambigously assigned to the theoretical 1/22 or the 1/23 state. The experimental y-branching ratios to the (5/23), (5/22), 5/21 , 3/2u 1/2 1 states are I.4(2)/<0.6/100/48(2)/46(3). For the calculated 1/2; state the corres­ponding branching ratios are 0.05/0.0l/ 100/315430/2770, while for the calculated 1/2! level they are 10/10/100/950/4050. In both cases the calculated y-branches to the 3/2 1 and 1/2 1 states are by far too strong. The decay of the 3/24 state at 351.6 keV and the 5/24 state at 454.5 keV to the 294.6 keV level is not a sensitive test. The relative experimental y-branchings (Table 7) are < 0. 1 and < 0.5, res­pectively. For the 1/2: assignment to the 294.6 keV state (as adopted in Table 7) the calculated values are 0.00004 and 0.0002, while for 1/2; they are 0.006 and 0.00002, respectively. Both assignments are consistent with the experiment. For the assignment 1/2"! to the 294.6 keV leV'el, where the highest discrepancy is encountered in the transition to the 3/2 1 state, the high calculated value is due to the large B (Ml ,  1/22 -+ 3/2 1) value of 0.8 1 3  µt. This value is rather stable against changes in the parametrization. It seems rather improbable that it could be reduced by the necessary 4 orders of magnitude by admixtures not contained in the model. Therefore it is concluded that the theoretical counterpart of the 294.6 keV 1/2+ level is not the calculated 1/2; state. Thus a possible :candidate in the framework of the present calculation is the 1/2: state. The theoretical y-bran­ching ratios in this case are governed by rather small reduced transition probabili­ties : B (E2, 1/23 -+ 5/2 1) = 0.0004 e2b2, B (E2, 1/23 -+ 3/2 1) = 0.0001 e2b2, B (Ml, 1/23 � 3/2 1) = 0.0001 µi and B (Ml ,  1/23 -+ 1/2 1) = 0.0004 µ�. These values can be strongly influenced by non-model admixtures in the wave functions which can be the consequence of coupling to the SU(5) subset of core states. Due to the quasiparticle positions this coupling should strongly influence the 1/2+ states and may shift the 1/2: state (decaying almost exclusively to the 3/2: state) upwards in energy. Unfortunately, calculations for odd-A nuclei with two different coupling structures in the core are not available at present. The second possible problem is connected with the possible state at 56 keV 
(J > 7/2). This state (if it exists and has positive parity) is outside the IBFM mo­del space, i. e. its nature is different from that of the other low-lying positive parity states. This assumption is supported by the fact that no y transition from the established levels to this state has been observed in the present studies. For negative parity the assignments J:r = 112- and 912- would imply an appreciable deforma­tion. In these cases as well as for the alternative Jn = 1 1/2- the questionable 56 keV state should be an isomer for which the half-life estimates are given in Table 5. According to the weakness of the y branch of the then highly converted isomeric transition to the 1 3.5 keV 3/2+ state no such transition could be resolved in the present (n, y) study, cf. Section 3. 
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6. Concl'USion 

The experimental knowledge about the level scheme of the nucleus 1 01 Mo has been considerably extended. In particular, new information about the spins and parities as well as the half-lives of the triplet of levels below 60 keV has been gained which plays a key role in the understanding of the structure of this isotope. An intensive study of the properties of the levels in terms of IBFM has been per­formed. A good fit to the data has been achieved when using an 0(6)-like descrip­tion of the core nucleus 1 00Mo. No other parametrization has been found to besimilarly successful. Thus 1 0 1  Mo differs clearly from its N = 59 odd-mass isotones : Neither canits levels be reproduced with the assumption of a vibrational core as in the case of 9 7Sr5 9
1 6>, nor can the assumption5 8> ofa J = j - 2,j - I pattern as in 1 0 3Ru·s o>be upholded. This behaviour probably reflects the known structure transition in the even-even isotopes in this region where the lighter elements like Sr, Zr contain symmetric rotors while the heavier ones like Ru, Pd have a more complex structure. Surely, also the rapid change of the quasiparticle pattern1 6> contributes. Further studies will be necessary to check, whether there is any shape coexistence with rotational patterns built on excited states as in 9 7Sr2• 3>�
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Proucavana su pobudena stanja 1 0 1Mo s energijama do 1447 keV. Provedeni su racuni u bozonsko-fermionskom modelu IBFM/PTQM uzimajuci u obzir pre­lazni karakter sredice 1 0  0 Mo. 
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