Pis’ma v ZhETF, vol. 118, iss. 10, pp. 721 – 722 © 2023 November 25

Spreading widths of giant monopole resonance in the lead region: Random matrix approach

N. N. Arsenyev^+, A. P. Severyukhin^{+∗}, R. G. Nazmitdinov^{+∗1)}

+Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, 141980 Dubna, Russia

∗Dubna State University, 141982 Dubna, Russia

Submitted 3 October 2023 Resubmitted 13 October 2023 Accepted 17 October 2023

DOI: 10.31857/S1234567823220032, EDN: piipnj

The general idea on Giant Resonance (GR) decay properties as a consequence of the coupling of high-lying modes with the lowest collective vibrational modes [1–4] requires further development in light of discussion on the role of order and disorder (chaos) in nuclei [5, 6]. We recall, however, that the analysis of spreading widths, associated with the cascade of couplings and their fragmentations due to these couplings (cf. [7–10]), is a real challenge for nuclear structure theory. Nowadays, most successful attempts in this direction are restricted by the consideration of the microscopic coupling between one-phonon and two-particle-two-hole (2p − 2h) or twophonon configurations (see, e.g., discussion in [11–17]).

In this paper we suggest the alternative approach, based on ideas of the Random Matrix Theory (RMT) [18, 19], which enables us to count effectively the problem of the hierarchy at the description of spreading widths. To provide a detailed overview of our approach we consider only spherical or near-spherical nuclei around^{208}Pb and focus our attention on the spreading width of Giant Monopole Resonances (GMRs). To demonstrate the validity of our approach we compare the results of: i) the microscopic calculations, based on the coupling between one-phonon and two-phonon configurations, so called phonon-phonon coupling (PPC); ii) the random matrix approach based on the onephonon approximation; iii) available experimental data for^{204,206,208}Pb nuclei.

To carry out the item i) we employ the modern development of the quasiparticle-phonon model, where the single-particle spectrum and the residual interaction are determined making use of the Skyrme interaction without any further adjustments [20]. By means of the finite rank separable approximation [21, 22] for the residual interaction we perform the calculations within the quasiparticle random phase approximation

1)e-mail: rashid@theor.jinr.ru

(QRPA) in very large two-quasiparticle spaces. To construct wave functions of the excited 0^+ states up to 20 MeV we take into account all two-phonon terms that are built from the phonons of different multipolarities λ^π = 0^+, 1^−, 2^+, 3^−, 4^+, coupled to 0^+ state (see details in [23, 17, 24]). Following the basic ideas of the quasiparticle-phonon model [4], the Hamiltonian is then diagonalized in a space spanned by states composed of one and two phonons coupled by means of the microscopic coupling matrix elements (see details in [20, 25]). In the item ii) the statistical description of the GMR fragmentation is based on ideas from the RMT [26, 27]. Namely, the one-phonon states are generated by means of the QRPA calculations, while the coupling matrix elements between the one-phonon and two-phonon states are replaced by random matrix elements of the Gaussian Orthogonal Ensemble type. Within the framework of our approach the two-phonon model space is decomposed on two subspaces that are differently coupled to the QRPA states. On the larger energy scale the gross structure and structure effects of the GMRs are defined; that includes the random coupling to surface vibrations of a few strongest coupling matrix elements. On the smaller energy scale there is the random coupling to surface vibrations of a majority (small) matrix elements. This coupling is particularly responsible for the fine structure of the strength function in the energy region around the GMR.

To illustrate the quality of our approach, all numerical calculations have been done on the basis of the Skyrme forces SLy4 [28, 29]. Switching on the strong as well as the week interactions, with the chosen values σ_1 = 600 keV and σ_2 = 30 keV, the RMT results are in a quite good agreement with those of the PPC (see Fig. 1). It is notable that the strength distribution of the GMR, obtained in this case, is rather close to the experimental distribution [30]. The remarkable agreement between the results of the PPC and the RMT calcula-

Письма в ЖЭТФ том 118 вып. 9 – 10 2023 721

722 N. N. Arsenyev, A. P. Severyukhin, R. G. Nazmitdinov

Fig. 1. (Color online) The monopole transition strength b(E0, E) versus the transition energy E in the case of 206 Pb. The results, obtained by means of: i) the two-scale RMT approach are connected by (red) solid line; ii) the microscopic PPC calculations are connected by (blue) dashed line; iii) the QRPA approach are connected by (black) dotted line. For a comparison the experimental data [30] shown by (black) squares with error bars, smoothly interpolated, are connected by (black) thin line

tions for the GMR strength distribution of^{204,206,208}Pb confirms the vitality and validity of our approach.

We are grateful to our friend Sven Åberg for the constant fruitful cooperation over the past years. All results, presented in this paper, have been discussed in detail with him. His criticisms led to significant improvements of the original version of the manuscript, which began two years ago.

N. N. Arsenyev acknowledges the financial support from the Russian Science Foundation (Grant # RSF-21-12-00061).

This is an excerpt of the article “Spreading widths of giant monopole resonance in the lead region: Random matrix approach”. Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364023603020

1. A. Bohr and B. M. Mottelson, Nuclear Structure, Benjamin, N.Y. (1969).

2. V. G. Soloviev, Ch. Stoyanov, and A. I. Vdovin, Nucl.

Phys. A 288, 376 (1977).

3. G. F. Bertsch, P. F. Bortignon, and R. A. Broglia, Rev.

Mod. Phys. 55, 287 (1983).

4. V. G. Soloviev, Theory of Atomic Nuclei: Quasiparticles and Phonons, Institute of Physics, Bristol and Philadelphia (1992).

5. G. E. Mitchell, A. Richter, and H. A. Weidenmüller, Rev. Mod. Phys. 82, 2845 (2010).

6. J. M. G. Gómez, K. Kar, V. K. B. Kota, R. A. Molina, A. Relaño, and J. Retamosa, Phys. Rep. 499, 103 (2011).

7. H. Aiba and M. Matsuo, Phys. Rev. C 60, 034307 (1999).

8. D. Lacroix and P. Chomaz, Phys. Rev. C 60, 064307 (1999).

9. D. Lacroix and P. Chomaz, Phys. Rev. C 62, 029901 (2000).

10. W. D. Heiss, R. G. Nazmitdinov, and F. D. Smit, Phys.

Rev. C 81, 034604 (2010).

11. J. Wambach, Rep. Prog. Phys. 51, 989 (1988). 12. S. Kamerdzhiev, J. Speth, and G. Tertychny, Phys. Rep.

393, 1 (2004).

13. I. Hamamoto, H. Sagawa, and X. Z. Zhang, Phys. Rev.

C 57, R1064(R) (1998).

14. A. Shevchenko, O. Burda, J. Carter et al. (Collaboration), Phys. Rev. C 79, 044305 (2009).

15. H. Aiba, M. Matsuo, S. Nishizaki, and T. Suzuki, Phys.

Rev. C 83, 024314 (2011).

16. N. Lyutorovich, V. Tselyaev, J. Speth, and P.-G. Reinhard, Phys. Rev. C 98, 054304 (2018).

17. N. N. Arsenyev and A. P. Severyukhin, Universe 7, 145 (2021).

18. T. A. Brody, J. Flores, J. B. French, P. A. Mello, A. Pandey, and S. S. M. Wong, Rev. Mod. Phys. 53, 385 (1981).

19. M. L. Metha, Random Matrices, 3rd ed., Elsevier, Amsterdam (2004).

20. A. P. Severyukhin, V. V. Voronov, and N. van Giai, Eur.

Phys. J. A 22, 397 (2004).

21. A. P. Severyukhin, V. V. Voronov, and N. van Giai, Phys. Rev. C 77, 024322 (2008).

22. N. van Giai, Ch. Stoyanov, and V. V. Voronov, Phys.

Rev. C 57, 1204 (1998).

23. A. P. Severyukhin, S. Åberg, N. N. Arsenyev, and R. G. Nazmitdinov, Phys. Rev. C 95, 061305(R) (2017).

24. A. P. Severyukhin, S. Åberg, N. N. Arsenyev, R. G. Nazmitdinov, and K. N. Pichugin, Phys. At. Nucl. 79, 835 (2016).

25. A. P. Severyukhin, N. N. Arsenyev, and N. Pietralla, Phys. Rev. C 86, 024311 (2012).

26. A. P. Severyukhin, S. Åberg, N. N. Arsenyev, and R. G. Nazmitdinov, Phys. Rev. C 98, 044319 (2018).

27. A. P. Severyukhin, S. Åberg, N. N. Arsenyev, and R. G. Nazmitdinov, Phys. Rev. C 104, 044327 (2021).

28. E. Chabanat, P. Bonche, P. Haensel, J. Meyer, and R. Schaeffer, Nucl. Phys. A 635, 231 (1998).

29. E. Chabanat, P. Bonche, P. Haensel, J. Meyer, and R. Schaeffer, Nucl. Phys. A 643, 441 (1998).

30. D. Patel, U. Garg, M. Fujiwara et al. (Collaboration), Phys. Lett. B 726, 178 (2013).

Письма в ЖЭТФ том 118 вып. 9 – 10 2023