
Appendix C

EGUE(2)-s ensemble

For m fermions occupying O number of sp orbitals each with spin s = | so that the 

number of sp states N = 20, we consider Hamiltonians that preserve total m-particle 

spin S. Then the m-particle states can be classified according to U(IV) ^ 17(0) ® SU(2) 

algebra with SU(2) generating spin S. The U(0) irrep that corresponds to spin S is 

/m = (2p, lq} where m = 2p + q and S = qI2 and therefore the m-particle states are 

denoted by \fm vmM); vm are the additional quantum numbers that belong to fm 

and M is the Sz quantum number. With this, a general two-body Hamiltonian opera­

tor preserving spin S can be written as,

#= £ Vf2vivf(2)AHf2Vf2m2)A{f2vlzm2). (Cl)
f2,v^v[,mz

Here, J^ifzVzmz) and A(/21/2^2) denote creation and annihilation operators for the 
normalized two-particle states and V^viv/(2) = f2v[sm2 \ H\ tzv^sm^ indepen­

dent of the m2’s. Note that the two-particle spin 5 = 0 and 1 and the correspond­

ing U{0) irreps /2 are {2} (symmetric) and {l2} (antisymmetric), respectively. The 

EGUE(2)-s ensemble for a given (m, S) is generated by the action of H on m-particle 

basis space with a GUE representation for the H matrix in two-particle spaces. Then,

the two-particle matrix elements V. t / (2) are independent Gaussian variables with
J2v2V2

zero center and variance given by,

Vf- ,,i ,,2 (2) Vfi,.3 ,,4 (2) = A f 8 fn fid„i.aS,,2,,: h v2 v2 j 2 V2 V2 h J2h V2V2 v2v:2 °\ (C2)
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Thus V(Z) is a direct sum of GUE matrices for s = 0 and s = 1. Just as for EGUE(2), ten- 

sorial decomposition of H with respect to U (O) ® Si7{2) algebra gives analytical results 

for the spin ensemble. As H preserves S, it is a scalar in spin SU(2) space. However 

with respect to Sf/(Q), the tensorial characters for f2 = {2} are Fv = {0}, {21n“2} and 

{42a_2}. Similarly for f2 = {l2} they are {0}, {21n_2} and {22ln~4}. Here the unitary 

tensors B’s are

B if2Fv(ov)
~ Z f2 -Fv^v) {sm2 sm2 100> A+ (f2 v[ m2) A(f2 v\ m2).

In Eq. (C3), (f2------) are SEJ(Q) Wigner coefficients and <s—) are SU(2) Wigner

coefficients. Then we have H{2) = 'Lf2tFVi(t)v W(f2Fv(ov)B(f2Fva)v). The expansion 

coefficients W’s are also independent Gaussian random variables, just as V"s, with 

zero center and variance given by

W(f2Fv(ov)W(%F'voj'v) = Sfy%SFvF'vd(i>va>'v (A/2)2(2s + 1).

The m-particle H matrix will be a direct sum matrix with the diagonal blocks repre­

sented by fm. Then H{m) = L/m and the EGUE(2)-s is generated for each

Hfm(m).

Using Wigner-Eckart theorem, the matrix elements of B’s in fm space can be de­

composed as,

(fmVfmM | B{f2Fv(Ov) | fmV^M)
' • (C'A\
= ]C {fm II F{f2Fv) || fm)p {^fmvjnFv^v I fmvrn}^ >

where the summation is over the multiplicity index p and this arises as fm ® Fv gives 

in general more than once the irrep fm. Applying Eq. (C4) and the expansion of H in 

terms of B’s, exact analytical formulas are derived for the ensemble averaged spectral 

variances, cross-correlations in energy centroids and also for the cross-correlations 

in spectral variances. In addition, the ensemble averaged excess parameter for the 

fixed- (m, S) density of states is given in terms of SU(Q) Racah coefficients [Ko-07]. For 

finite m andO -* oo, some important results are: (i) the ensemble averaged variances,



to the leading order, just as for the spinless fermion systems [Be-Ola], are same for 

both EGOE(2)-s and EGUE(2)-s and this is inferred from the exact analytical formu­

las available for both the ensembles [comparing Eq. (2.3.11) with Eq. (19) of [Ko-07]]; 

(ii) similarly it is seen that the cross-correlations in energy centroids for EGOE(2)-s 

are twice that of EGUE(2)-s to the leading order [Ko-06a, Be-Ola] [as an aside, let us 

point out that Eqs. (2.3.4) and (2.3.11) give for EGOE(2)-s, the exact formula for the 

normalized cross-correlations in the energy centroids]; (iii) combining (ii) with the 

exact analytical results for spinless fermion EGUE(2)-s (see Sec. 1.2.3 for details), it is 

conjectured that the covariances in spectral variances for EGOE(2)-s are twice that of 

EGUE(2)-s to the leading order [note that for EGUE(2)-s an analytical result is avail­

able but not for EGOE(2)-s]; and (iv) combining the analytical results for the excess 

parameter for EGOE(2) and EGOE(2)-s (see Appendix H and Sec. 2.9 for details), it is 

expected that the density of eigenvalues will be Gaussian for EGUE(2)-s.

269


