Magnetic giant resonances in the relativistic energy density functional theory
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Abstract ‘ Evolution of M1 strength along 1V—1405n isotope chain

Magnetic dipole (M1) excitations as a fundamental mode of transitions W nuclei

showed, as well, their relevance for nuclear models in astrophysics. We have estab- 251 - 120 T T T T T T T T
lished a theoretical framework based on relativistic nuclear energy density functional 201 - on __ EggPA 13_—}S)}1;_£)ZC1=+]§(1)§ pairing :EREPA l
(RNEDF) where the nuclear ground state (g.s.) is calculated by using the relativis- 15 i Y
tic Hartree-Bogoliubov (RHB) model while excitations are modelled with the rela- 10 - B N
tivistic quasiparticle random phase approximation (RQRPA). The RQRPA is estab- St - .
lished using density-dependent point-coupling (DD-PC1) interaction extended with 0 F . ' i
1sovector-pseudovector channel which describes unnatural parity transitions. Intro- - R i
duced RHB4+RQRPA framework has been validated by M1 sum rule and employed 15 i B ]
on various nuclear systems. In case of open-shell nuclei, like *Ti, we reproduce ex- 10 | - h
perimentally observed double-peaked structure in reduced strength spectra. Recent 5 i - I L, e B ._
experimental investigations of even-even nuclei in 100—140gy, isotope chain showed an - _ //I \ 4850 52 54 56 58 60 62 64 66 68 70 72 7476 78 80 82 84 86 88 90 92
intgrplay between single- and double— pegked transitioq strength, WhiQh we have theo- % Or 08 — ;28 — —— The M1 exitation energizug}:ij;?;z Eys  spinorbit splitting
retically reproduced. In addition, the spin gyromagnetic tactor g?r - 18 less quenched = 20 " Sn - Sn energios at lower (higher) RPA energics for B 091 isotope chain
than in previous theoretical investigatons. We have shown that pairing correlations T 151 \ - N with dominant proton () or neutron (1) spin-orbit transitions
strongly affects the M1 excitation spectra. The experimental data on M1 transitions, 3101 X ‘ . ':
together with theoretical description along the isotope chain allow us to discern the @ 5L ] \ i AV
pairing properties in finite fermion systems. S 0l 1Y R 2 Y L 6L OB {24 20 pairing : protons
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Electromagnetic excitations in finite nuclei represent one of the most importaW probes 20 F 116511 - 136Sn o° AL
of relevance in nuclear structure and dynamics, as well as in nuclear astrophysics. In 15 B BT I I ]
particular, various aspects of magnetic dipole (M1) mode have been considered due 10 L B ,'“ . 2__ b1y T
to their relevance for diverse nuclear properties associated e.g., to unnatural-parity s[ - h I BRR! { l
states and spin-orbit splittings. Specifically, M1 spin-flip excitations are analog of B B TN 1101 IIIII[ IRRRRRRRRS
Gamow-Teller (GT) transitions, meaning that, at the operator level, the dominant 0 0 A g 12 1I6 ' 0 A | é 12 1L6 ' 20 04850525456586062§4e?l6tfgr710n7§£{)7e6r7880828486889092
M1 isovector component is the sy.nonym.to the. zeroth .component of GT trgn&hops, E [MeV] E [MeV] Partial M1 proton(neutron) (v strenghts bw}(ly)< E) at lower
and can serve as probe for calculations of inelastic neutrino-nucleus cross section which The full M1 response function Ry (E) spectra reproduced one and double peaked E. (upper pannel) and higher £ (lower pafl nel) excitation
is hard to measure but it is essential in supernova physics, as well as in the r-process experimental structure observed in even-even nuclei of 1901498y isotope chain. - 7 e L00-140
nucleosynthesis calculations. .energles of .double peaked response function in Sn

k / isotope chain.

a4 The spin-quenching factor,
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We have introduced a novel approach to describe M1, 0% ground state to 1 W excited \ b M1<E>
state transitions, in even-even nuclei, based on the RHB+ RQRPA framework with | . | | .
the relativistic point-coupling interaction [2, 4, 3] described by effective Lagrangian, obtained by comparison of the RQRPA calculations Ref. [4] with the recent experimental data from Ref. [6] showed that (s =
0.80 — 0.93 values are less quenched, closer to unit, compared to previous theoretical investigations.
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and the central part of the Gogny pairing correlations,
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where parameters u;, W;, B;, H; and M; (i = 1,2) are adjusted by D1S set as in > L ) s ;
Ref. [7]. The VPP particle-particle correlations in the RQRPA excitation channel has é) 6r N > ” a0
the same phenomenological Gogny form and parametrization as in RHB ground state. - r\ ': | > | N )
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The residual R(Q)RPA interaction has been extended by the isovector-pseudovector — ; Gogny V,,(d) pairing potential in particle-particle channel for two different D1S
(IV-PV) contact type of interaction that contributes to unnatural parity transitions, B and S1P parametrizations as a function of distance between two nucleons
Y, and for spin-isospin (S12 — T1g) singlet(triplet) configurations.
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The free, denisity independent, ayy_ py = 0.53 MeV fm? parameter is adjucted to g g l
reproduce the experimental M1 response of the well studied 18Ca and 2Y8Pb referent A double-peaked, experimentally observed, response function Ry (E) of 4 -
systems. open-shell *°Ti nuclei is reproduced by DD-PC1+D1S parametrization. 1 48 B ————————— .
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The strength function B(J,wy,) [2] in the RQRPA for magnetic operator iy [t is shown that D1S parametrization of Gogny interaction is crucial = 123 i :
of rank J, in case of M1 transitions J=1, is calculated by following expression, for reproduction of 20T double-peaked response function Ry (E) N; 60 | Lo !
spectra as in Ref. [2]. © 40 |
B(MJ,w,) = ‘ D et (X:;{{OOQI g ||K") + (—l)Jﬁ_Jm’JFJY:/;‘,]O(HLq ] |/<;>> For the analysis of M1 strength spectra energy-weighted moments, 23 i |
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where x and /{J(?re quantum numbers denoting single-particle states with X/%, -hted (EWSR). (Bottom) Same for the EWSR summation 1,
forward and Y:/;, backward scattering amplitudes and u,, v, occupation coefficients. \ .
The MJ transition operator is written in a block diagonal form, a4 .
(IS/IV) p 2 IS/IV? 1S/IV Conclusions
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(IS/TV), .. | | | | | We have presented a novel approach for the description of M1 transitions in even-even nuclei based on the RHB+R(Q)RPA tBoretical
where fu7,/ (i1)}, are block-diagonal (=1, 2) isoscalar and isovector matrix ele- framework with relativistc point-coupling interaction. The standard terms of point-coupling interaction with DD-PC1 parametrisation
ments of magnetic operator for k' nucleon. Finally, a complete expression of MJ is extended with the isovector-pseovector type of R(Q)RPA residual interaction which dominantly induces unnatural parity transitions.
operator in the relativistic formalism which acts on Hilbert space with mixed spin- The single and double-peaked response function Rjzq(E) spectra has been successfully reproduced along 'V ~140Sn isotope chain.
1s0spin basis 1s, Considering the pairing effect in open-shell nuclei is essential for the reproduction of M1 response function as it is shown in case of

) A (IS) (IV) ) UTi. The present analysis shows that smaller quenching in the spin g-factors is needed than obtained in previous studies.
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where (1,7 'k are block-diagonal matrices in spin and 73 1s Pauli matrix is isospin
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