Eigenvalues of nanoscale molecular magnets
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Recently, nanoscale molecular magnets have been studied intensively. We often need to
obtain energy levels of nanomagnets whose Hilbert space are too large to diagonalize directly.
Especially, if we are interested in the spectral statistics, we need levels in high energy region. [1]

In this paper, we make use of the arbitrary range anomaly quantum dynamics (ARAQD)
devised by Mitsutake, Iitaka, and Okamoto[3] to draw the necessary number of levels in high
energy region. We calculate energy levels in a desired range in the spectrum by using the ARAQD
and the subspace iteration method (SIM) {2]. We also confirm that our numerical method works
by comparing the obtained levels with energy levels obtained by direct diagonalization.

We illustrate the numerical method using nanomagnet V5. [4, 5] Although V5 itself has a
large Hilbert space (2% = 32768), an irreducible space of V15 is not too large (=~ 5000).

The Hamiltonian of V;5 in the magnetic field is given by|[6]

=358 85+ > Dis - [Si x 5] - Hs Y SE. (1)
(4,3) (4.3 i
We adopt the same values of the parameters in H as used in Ref. 7.

Let us assume that we want to obtain kpax energy levels in the range (u,u + €). Accord-

ing to Ref. 3, starting from random states I\I/,(CO)> and I\IIECI)>, we obtain approximated states

'\I/,(cn““"‘)> (k=1,...,kmax) by the recursion relation
o) = - = o) - o), @
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Here, the condition Eg > mf.x{lE)\ — u

E) are eigenvalues of 'H} must be satisfied. Using

{I\Il,(cnm“)>} for sufficiently large nmax, We obtain a kmax X kmax small Hamiltonian as[2]
j:Ijk = <\I/§nmax) I H 1\IIIE:nm°X)> . ) (3)

Finally, we obtain knax energy levels in the energy range (u, 4 + €) by diagonalizing H.

We take the irreducible space which contains 4821 levels.[1] The energy spectrum ranges
from —3649.59(K) to 2918.67(K). By setting u = —580(K), € = 550(K), Ec = 5000(K), and
kmax = 512, we obtain 512 levels. We find that 376 energy levels in the range from —401.05(K) to
—192.23(K) are consistent with levels obtained by direct diagonalization up to ten digits. Fig. 1
shows energy levels around —300(K) obtained by the present method. Thus, we confirm the
combination of the ARAQD and the SIM is useful to obtain energy levels of huge Hamiltonians
in high energy region.
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Figure 1: Energy levels of V5 obtained by the
combination of the ARAQD and SIM.
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