ISSN1330–0016 CODEN FIZBE7

THE^{103}Rh(d,p)^{104}Rh REACTION

HELMUT LINDNER^1, TILL von EGIDY, JÖRG KLORA^2 and ULRICH MAYERHOFER^3

Physik–Department, Technische Universität München, D 85748 Garching, Germany

Received 16 December 1994

UDC 539.17

PACS 21.10.-k, 25.40.-k

The^{103}Rh(d, p)^{104}Rh reaction was measured with 22 MeV deuterons up to 1.8 MeV excitation energy at laboratory angles of 20^∘, 30^∘ and 50^∘. The best energy resolution was 3.6 keV. 91 energy levels were observed and the angular momentum transfer was determined.

1. Introduction

Amaldi et al. observed in 1935 that rhodium decays with two half–lives, 50 s and 5 min, after irradiation with slow neutrons [1]. It was later confirmed that 104Rh has an isomeric level at 128.9 keV with a half–life T_{1/2} = 4.4 min and that the ground state has T_{1/2} = 44 s [2-5]. Several levels of^{104}Rh were identified with the (n, γ) reaction in the fifties [6-9]. Improved (n, γ) techniques allowed to establish more levels [10-23]. Measurements of the^{103}Rh(d, p)^{104}Rh reaction with 7 and 15 MeV deuterons suffered due to insufficient resolution [24-25]. More recently new high resolution (n, γ) and (n, e) experiments were performed with crystal and conversion electron spectrometers [26-28]. The latest Nuclear Data Sheets on^{104}Rh

1Deceased 2Present address: ESRF, Grenoble, France 3Present address: ILL, Grenoble, France

were published by Blachot [30]. In order to complement these results with high resolution (d, p) data we started the present investigation which allows a better identification of the levels [29].^{104}Rh is an odd-odd nucleus with a high level density.

2. Measurement of the^{103}Rh(d, p)^{104}Rh reaction

The measurement was performed at the Tandem Accelerator of the University of Munich and Technical University of Munich. The deuteron energy was 22 MeV. The target consisted of 50 μg/cm^2 Rh metal on a 3.9 μg/cm^2 carbon foil. The best energy resolution was 3.6 keV. The spectra were taken at laboratory angles of 20^∘, 30^∘ and 50^∘ up to 1.8 MeV excitation energy (see Figs. 1-3). The beam intensity was monitored with the elastic deuteron line and a semiconductor detector and were analyzed using standard least − squares routines. The spectra were observed at the Q3D spectrograph [31] with a new focal plane detector [32]. The energies were calibrated with new (n, γ) results [23, 28]. The experimental method and the data analysis was described in detail in Ref. 29. The results are presented in Table 1 together with the (n, γ) data. The quoted (d, p) energies are average values of all new experiments.

Fig. 1. Energy spectrum of the^{103}Rh(d,p)^{104}Rh reaction at 20^∘.

Fig. 2. Energy spectrum of the^{103}Rh(d,p)^{104}Rh reaction at 30^∘.

Fig. 3. Energy spectrum of the^{103}Rh(d,p)^{104}Rh reaction at 50^∘.

3. Discussion

The ratios of the (d, p) intensities at the different angles depend only on the transfered angular momentum. These ratios have been calculated with the program DWUCK4 by J. R. Comfort. The relevant ratios are given in Table 2. Since there are no p, f or i neutron orbits near the ground state of^{104}Rh, angular momentum transfer of 1, 3 or 6 are not expected. Using the calculated ratios of Table 2 and the measured ratios we determined the transfered angular momentum for all measured transitions using a χ^2 method (last column in Table 1).

Energies of 91 levels were measured and 63 are in agreement with the values of Kennett et al. [23]. In Fig. 4 the correlation of the (d, p) intensities at 20^∘ and primary (n, γ) intensities is plotted. No correlation of these intensities is observed indicating that direct neutron capture does not play a role in our case.

TABLE 2.

Calculated intensity ratios of relevant angular momentum transfers.

Angular momentum I(20^∘)/I(30^∘) I(20^∘)/I(50^∘) transfer 0 0.644 8.473 2 3.131 9.104 4 1.032 4.610 5 0.668 1.898

Fig. 4. Correlation diagram of primary (n, γ) intensities [23] and (d, p) intensities at 20^∘.

Acknowledgement

We mourn the loss of our friend and colleague Helmut Lindner who died in a tragic accident on 25 May 1993 at the age of 32. We wish to thank I. A. Kondurov and T. D. Mc Mahon for giving us new (n, γ) data prior to publication. The help of H. Angerer with electronics is appreciated. We are indebted to P. Maier–Komor and K. Nacke for the target preparation and to Th. Faestermann for Q3D maintenance.

References

1) E. Amaldi, O. D’Agostino, E. Fermi, B. Pontecorvo, F. Rasetti and E. Segrè, Proc.

Roy. Soc. (London) A149 (1935) 522;

2) W. C. Jordan, J. M. Cork and S. B. Burson Phys. Rev. 90 (1953) 862; 3) R. C. Greenwood, Phys. Rev. 129 (1963) 339; 4) B. Keisch, Phys. Rev. 129 (1963) 769;

5) I. V. Estulin, L. F. Kalinkin and A. S. Melioranskii, Bull. Acad. Sci. USSR, Phys. Ser.

28 (1964) 89;

6) B. Hamermesh and V. Hummel, Phys. Rev. 88 (1952) 916; 7) G. A. Bartholomew and B. B. Kinsey, Can. J. Phys. 31 (1953) 1025; 8) I. V. Estulin, L. F. Kalinkin and A. S. Melioranskii, Nucl. Phys. 4 (1957) 91 and Soviet Phys. JETP 5 (1957) 801;

9) J. E. Draper, Phys. Rev. 114 (1959) 268; 10) G. Buschhorn, Z. Naturforschg. 17a (1962) 241;

11) L. F. Kalinkin, A. S. Melioranskii and I. V. Estulin, Soviet Phys. JETP 15 (1962) 794; 12) K. Wien, Ann. Physik 10 (1963) 281; 13) R. C. Greenwood, Phys. Rev. 129 (1963) 345; 14) U. Gruber, Z. Phys. 178 (1964) 472;

15) A. S. Melioranskii, L. F. Kalinkin and I. V. Estulin, Bull. Acad. Sci. USSR, Phys. Ser.

28 (1964) 1012;

16) L. V. Groshev, A. M. Demidov, G. A. Kotelnikov, V. N. Lutsenko and V. I. Pelekhov, Bull. Acad. Sci. USSR, Phys. Ser. 28 (1964) 1021;

17) O. I. Sumbaev, V. L. Alekseev, D. M. Kaminker, A. I. Smirnov and V. A. Shaburov, Bull. Acad. Sci. USSR, Phys. Ser. 29 (1965) 741;

18) E. Bieber, Z. Phys. 189 (1966) 217;

19) L. B. Hughes, T. J. Kennett and W. V. Prestwich, Can. J. Phys. 44 (1966) 2041; 20) H. A. Neumann, Z. Naturforschg. 21a (1966) 1328; 21) K. Rimawi and J. B. Garg, Phys. Rev. C2 (1970) 1793; 22) T. J. Haste and B. W. Thomas, J. Phys. G: Nucl. Phys. 1 (1975) 981; 23) T. J. Kennett, W. V. Prestwich and M. A. Islam, Z. Phys. A299 (1981) 323; 24) A. G. da Silva and W. W. Buechner, Bull. Am. Phys. Soc. 7 (1962) 83;

25) E. Andersson, H. V. Klapdor, P. A. Suskhov and T. M. Tyukavina, 34^{th} Conference of the Akad. of Science of the USSR on Nuclear Spectroscopy and Structure of the Atomic Nucleus, Alma Ata 1984, p. 91;

26) I. A. Kondurov, Yu. E. Loginov, P. A. Suskhov, H. A. Baader, D. Breitig, B. P. K.

Maier, O. W. B. Schult, M. Bogdanović, S. Koički and J. Simić, 37^{th} Conference of the Akad. of Science of the USSR on Nuclear Spectroscopy and Structure of the Atomic Nucleus, Yurmala 1987, p. 76;

27) I. A. Kondurov, Yu. E. Loginov T. D. Mc Mahon, A. Osuma and P. A. Sushkov, Program of the 38^{th} Conference of the Akad. of Science of the USSR on Nuclear Spectroscopy and Structure of the Atomic Nucleus, Baku 1988, p. 80;

28) I. A. Kondurov, T. D. Mc Mahon et al., private communication; 29) H. Lindner, PhD thesis, Technische Universität München 1989; 30) M. Löffler, H. J. Scheerer and H. Vonach, Nucl. Instr. and Meth. 111 (1973) 1; 31) H. Lindner, H. Angerer and G. Hlawatsch, Nucl. Instr. and Meth. A273 (1988) 444.

NUKLEARNA REAKCIJA^{103}Rh(d,p)^{104}Rh

HELMUT LINDNER, TILL von EGIDY, JÖRG KLORA i ULRICH MAYERHOFER

Physik–Department, Technische Universität München, D 85748 Garching, Njemačka

UDK 539.17

PACS 21.10.-k, 25.40.-k

Nuklearna reakcija^{103}Rh(d,p)^{104}Rh istraživana je pomoću deuterona energije 22 MeV do energije pobudenja od 1.8 MeV pod kutovima od 20^∘, 30^∘ i 50^∘. Najbolje energijsko razlučivanje iznosilo je 3.6 keV. Opažena je 91 energijska razina i odreden je pripadni prijenos momenta impulsa.