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The Fernandez-Gersch procedure for constructing paramagnetic line shapes by the use of suitably weighted
Lorentzian (L) and Gaussian (G) forms is analyzed. Itis concluded that in practice the possible arbitrariness
of their original suggestion regarding the weighting factors of the L and G forms is likely to be quite in-
nocuous. Similarly, the straightforward embellishment of their Gram-Charlier series, to a form which
does not violate the non-negativity requirement, does not lead to any noticeably superior results.

The suggestion! of Fernandez and Gersch (FG) to Gaussian line shapes was recently shown? to lead to a
construct the frequency—wave-vector Fourier transform  fairly satisfactory representation of the line shape for a
of the paramagnetic spin-correlation function from a one-dimensional Heisenberg spin system.

suitably weighted combination of Lorentzian and The features of the line shape were obtained by
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F16. 1. Fourier transform of the 3
first-nearest-neighbor spin (S=3%) N i
correlations at infinite temperature ¢ 02 -
with different » indices in the weight-  ~
ing factors W,*(K). For optimizing -
the usefulness of these figures we ~~
have used the MG procedure only. N O .
For higher spin magnitudes, the re- {f’/ .0l —
sults for different values are even
closer to each other than for S=%1 **

shown here. (See Ref. 2 and the text
for further explanation.)
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splitting the spectral function,

S(K,w)= 3 > fw exp(—iwt—iK+R)

2w ‘R

X (So*(¢) Sr*(0) )dt, (1)
into Lorentzian S (X,w) and Gaussian S¢'(K,w)
parts. These were then assumed? to be given by a
revised two-parameter representation of the Lorentzian,

0= [ e 191 <o
=0, |o|>wc (2)
and a Gram-Charlier (GC) form of the Gaussian,
56/ (K, ) =[S(SH1)/ (2m0t) 4] exp(—a/ 22
X {14-bx[wt/o*—6(w?/a?)+3]}. (3)

The Lorentzian and Gaussian parts of the spectral
function were chosen tc conserve separately, in the limit
of elevated temperature, the zeroth-moment sum
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F16. 2. Spin (S=4) spectral function S(K, w) for aK =4r/9
for different » values. (See Ref. 2 for further explanation).

rules,

ifm K /_” do S(K, ) =S(S+1),  (4)

2w Iy

| stk @) do=s(s+1), (5)

as well as the second and fourth frequency moments.
The frequency moments are given by the following:

<w2’">x=/_: wzmS(K,w)dw//;: S(K, w)dw,

<w2m+1 >K =0.

(6)

A suitably weighted linear combination of S;/ (X, w)
and S¢’(K, w) was then formed to construct the spec-
tral function S(X, w), i.e.,

S(K, w) =W, (K) St (K, &)+ Wi (K) S (K, ), (7)
where the weighting factors are given by
Wt (K) = (yo™ ' ygH1) /2621 (8)

(9)

The frequency-wave-vector Fourier transform of the

and
Yk =2 cosKa.
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Fic. 3. Comparison of the Fourier o
transform of the first-nearest-neighbor ~ ~
spin (S=3%) correlations in the MG N =
(full lines) with =0 and the GC
(broken lines) against the Carboni- 2
Richard’s (CR) results (see Ref. 3) ~
given as histograms. N O
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paramagnetic spin-correlation function is
27/a
(S S50 )= 5= [ S(K,w) exp(—iK-R)IK
™ J0

(10)
for a one-dimensional spin system.

The second and fourth frequency moments for a
one-dimensional, isotropic Heisenberg spin system
(linear chain) at infinite temperature for S=3% and
in the case of a nearest-neighbor approximation are

{(w)r=4I*(1— cosKa),
(wx=8I*(1— cosKa) (4—3 cosKa),

where I =exchange integral.

(11)

The Lorentzian and Gaussian parameters, which are
functions of K, are then separately determined by
Eq. (6), i.e.,

2\ welk — T2
<(a) >K tan—1 (wc/ PK) I'x )
1 (w®Tkx) — TkPwe
4y _ 3\F AR/ AW 4
<“’ >K ta.l’l_l(wo/I‘K) + T4, (12)
and
(e)r=0?, (W =240*(bx+13). (13)

This procedure, however, has two possible weaknesses.
First, the choice of the weighting factor W,*(K) for the
Lorentzian and Gaussian parts of the spectral function
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S(K,w) is subject to a great deal of arbitrariness
because the physical requirement of the FG suggestion
can be satisfied for any positive integral (or zero) value
of the index ». Second, the Gram-Charlier representa-
tion of the Gaussian part of the spectral function line
shape contains in itself the possibility of leading to a
physically unacceptable spectral function, i.e., which
may violate the rigorous non-negativity requirement
that S(K, w) >0 for all (positive and negative) values
-of w and all allowed values of K.

The object of the present note is first to record the
observation that the former of these two possible
difficulties is in practice rather innocuous and that most
of the final results are relatively insensitive to the
magnitude of # (see Figs. 1 and 2). Second, in this paper
we report an examination of the adequacy of the GC
representation (for the Gaussian part of the FG spec-
tral function line shape) given in Eq. (3), whieh as
remarked earlier, can violate the rigorous non-nega-
tivity requirement, against the modified Gaussian form

(MG) proposed in Ref. 2, i.e.,
Se' (K, w) =A2(K) exp[— B K)w*[14+C2(K)w?],
(14)

which does not violate this requirement. The co-
efficients 4(X), B(K), and C(K) are determined by
Eq. (6), i.e.,

1=va[4*(K)/B(K)J[1+C*(K)/2B*(K) ],
(@)= (Va/2)[4%(K)/BY(K)]
X[1+3C*(K)/2B*(K) ],
{e*r=(3Vr/4)[4*(K)/B5(K) ]
X[1+5C2(K) /2BXK)].

We find that the resultant line shapes obtained by
using these two procedures are either very similar (see

(15)
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Fi16. 5. Comparison of the MG and >
the GC results for the spin(S=%) h 4
spectral function S(X, w) for an ~
isotropic Heisenberg linear chain in wn
the limit of elevated temperatures. -
Sl

Fig. 3), or when they appreciably differ from each other
(see Figs. 4 and 5), then they do so in a way that
neither of them is a particularly good representation of
the actual line shape (see, for example, Fig. 5, where
the rather reliable results of the Carboni-Richards?

computation, shown as crosses, are poorly represented
by the MG and GC curves).
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