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Abstract

Self-consistent renormalization theory of anisotropic spin fluctuations in quasi-one dimensional nearly
antiferromagnetic metal was made. The inverse of the staggered magnetic susceptibility, the nuclear magnetic
relaxation rate, the linear coefficient of the specific heat was investigated within this theory. The staggered magnetic
susceptibility was composed of the longitudinal staggered magnetic susceptibility and the transverse staggered
magnetic susceptibility. We find that the inverse of the staggered magnetic susceptibility has anisotropy. We also find
that the both of the inverse of the staggered magnetic susceptibility has T2 -dependence at low temperatures and that
they have T-linear dependence at elevated temperatures. The nuclear magnetic relaxation rate has anisotropy.
Introduction

Many researchers have been interested in itinerant nearly antiferromagnetic metals.1-11) Moriya’s group developed
the self-consistent renormalization theory of spin fluctuations (SCR theory).5-11) The SCR theory succeeded in
explaining the physical properties of the nearly antiferromagnetic metals. However, the magnetic properties of the
quasi-one dimensional nearly antiferromagnetic metals have not been resolved theoretically. The anisotropic spin
fluctuations in quasi-one dimensional nearly antiferromagnetic metal is taken into account beyond the random phase
approximation self-consistntly by SCR theory. This paper is organized as follows: the inverse of the staggered

magnetic susceptibility will be provided in the next section. The nuclear magnetic relaxation rate will be supplied in

Nano Technol & Nano Sci J, 2023 Volume 5: 233- 239


mailto:r-konno@ktc.ac.jp

Citation: Rikio Konno (2023) Self-Consistent Renormalization Theory of Anisotropic Spin Fluctuations in Quaasi-One Dimensional Nearly

Antiferromagnetic Metals. Nano Technol & Nano Sci J 5:135.

section 3. The linear coefficient of the specific heat will be provided in section 4. The last section will give the

conclusions. Throughout this paper, we use units of energy, such that 2 = 1, kB = 1, and guB = 1 where g is the g-

factor of the conduction electron, unless explicitly stated.

The Inverse of The Staggered Magnetic Susceptibility with The SCR Theory in A Quasi-One-

Dimensional Wave Number Space

By using Moriya’s expressionl2) based on the single band Hubbard model, the non-interacting dynamical

susceptibility yov (Q + q, ®) in quasi-one-dimensional systems as follows:13)

X0, (Q+0,0) = 7, (QU-(AQ; + Ag})+iCw),(vlor 1) ()

where A2 << Al in quasi-one dimension. the imaginary part of the dynamical susceptibility

27T, @
2 2
czs\,TAi uy, + @

Im 7, (Q+0,@) = )

T
Uy, = 27T, (1/ (20, 2V(Q)) + (0 /G, )’ +T—A2(Q/QB)Z)TA1 =AG: /2T, =A4; /2, T=A/CT,=Tq; /(27) (3)
A

asv = IZOV (Q) (4)

Xov (Q) is the non-interacting staggered magnetic susceptibility. 0y, , Qg are zone boundary wave lengths. The

square of the local spin amplitude SEV (T) is

ZJ’O (o/T ImZV(Q+q CO) (5)

From Eqg. (2), va (T) is

S (T)= ,jf dx[¢( W2a,2,)+X)) - ¢( Y2a,1,)+x + Al»]

Where,

p(x) = —(x-3)Inx+ x +Inl(x) - InV2m, 7

Yo = S — 8
20, T, %, (Q)

t = T/T, 9

By following Ref. [6]

1%, Q. T)=1/x,(Q,0)+3F, EH(T)+2FSJ_ St.(T) (10)
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]/ZJ_ (Q’T) :]/XJ_ (Ql 0) + FSH SEH(T) +4 FSJ_ SfL(T) (11)

The following inverse of the reduced staggered magnetic susceptibility is introduced. yll, yL are parallel to the a-axis

and perpendicular to a-axis, respectively.

Y= Yo + G2t [ XISy, +X°) (12)

~0 Gy +x2+229) ]+ 212) yuut [, dx [ 6 G (yo +39) — ¢ G (yo +32 + 2]y, = yo, +(1/2) yut [, dx
t Ta1 t t Ta1

[0 GO+ ~0 G O+ X2 )] + 4yt [ dx [0 G 0+ 0 (F(ya+ R+ 72)]  (19)

Figure 1: The temperature dependence of the inverse of the reduced staggered magnetic susceptibility y, (v=Il, or L)

whenT,,/T,, =0.15 with yyo = 0.02, yyy = 1(the red line), y1o = 0.08, y11 = 3(the orange line), respectively.
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Figure 2: The temperature dependence of the inverse of the reduced staggered magnetic susceptibility y, (v=[|, or L)
when T,,/T,; =0.3 with yjo = 0.02, yi = 1(the red line), yio = 0.08, yi. = 3(the orange line), respectively.
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where
y, = 1/(2T, x,(Q, T), (14)
yOv = 1_a5 (15)

20T, %0, (Q)
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Figure 3: The temperatur ndence of ———
gure 3: The temperature dependence o TortQrnAny )2 GuB)2

(v=Il or L whenT,,/T,, = 015, with y1,=0.08(the orange
line), yi0=0.02(the red line), y1 =1, yui = 3, respectively.

0.05,

0.04

o
j==]
%]

Tt (gt prAnd) *[1/K]
)
]

1/

0.01

0.

00 005 010 015 020 025 030
t

Figs.1 and 2 show the temperature dependence of y, with various T,,/T4; , Yoi, Yor, Yur and ya1. The inverse of the
reduced staggered magnetic susceptibility has T-linear dependence from Figs.1 and. 2. At low temperatures t<< 1, we

use the following asymtotic expansion of the gamma function in the integrand of Egs. (12) and (13).

Hx) ~—+ . ... (18)

12x

The inverse of the reduced staggered magnetic susceptibility y, is obtained by

Yv = Yo +(1/2) y1v (arctanl/,/ y,-arctand/y/ yo, + Taz/Taq )t (19)

The inverses of the staggered magnetic susceptibilities show T?-linear dependence at low temperatures. The inverse
of the staggered magnetic susceptibility increases when spin fluctuations increase. It decreases when

Ty, /T4q iNCreases.

The Nuclear Magnetic Relaxation Rate

The nuclear magnetic relaxation rate is studied by using the dynamical susceptibility in the quasi-one dimensional

nearly antiferromagnetic metals. It is obtained:

1 _i 282 Im 7, (Q+q,w,) (20)
TlT_N 7nAhf; a)o

\")

where Ty is a nuclear spin relaxation time, Anris the hyperfine coupling constant. vy is the nuclear gyromagnetic ratio,

and Np is the number of the magnetic atom.
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The nuclear spin relaxation time in the quasi-one dimensional nearly antiferromagnetic metal is

1 !
NG

PR , 1 .1
TT =(945)" (70 A) 2T, [ m

\'}

arctan

arctan ;T](V =|lor 1) (21)

Ay
yv +—
TA&

where kg is the Boltzmann constant, g is the g-factor of the conduction electron, and ug is the Bohr’s magneton.

1
Figs. 3 and 4 show the temperature dependence of the nuclear magnetic relaxation rate. From Eq. (24),) —— hasT¥2

T,T

v

linear dependence elevated temperatures.

1
Tlvt(YnAhf)z(gﬂB)z
line), y10=0.02(the red line), y11 =1, yu = 3, respectively.

Figure 4: The temperature dependence of (v=Ilor L whenTA2/TA1 = 0.3, with y10=0.08(the orange
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The T-Linear Coefficient of The Specific Heat

The free energy of spin fluctuations is obtained as follows:®

o, 1 T,

st :J.O dof (@);;W (22)
with

f(w) = % +TInl—e") (23)

where 'y, is the damping constant of spin fluctuations. The specific heat of spin fluctuations is

Cm_ _0°Fs

T T2’

(24)

The T-linear coefficient of specific heat ym is obtained.

1 T T T 1 1
Vi =6230 —— 3" (IN(L+ Y, +=2) + 2, [Y,, + =+ arctan ————In(L+ y,,) — 24/ y,, arctan —)
127, T, 4 T T, s Yo,
Ov -I—Ai
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[mJ/molK?] (25)

Fig. 5 and Fig. 6 show the Ta/Taidependence of the T-linear coefficient of the specific heat ym when To=100K,

To=35K, respectively. From Fig. 5, ym decreases when Taa/Ta1 increases. ym increases when yo, increases.

Conclusions

We have studied the temperature dependence of the inverse of the staggered magnetic susceptibility by using
anisotropic SCR theory in quasi-one dimensional nearly antiferromagnetic metal. The inverse of the staggered
magnetic susceptibility has T2-linear dependence at low temperatures. With the increase of temperatures, it has T-

linear dependence. The anisotropic staggered magnetic susceptibility is produced. The temperature dependence of the
nuclear magnetic relaxation rate has been studied. The nuclear relaxation rate has TY2- dependence.

Figure 5: Ta2/Taidependence of the T-linear coefficient of specific heat with yo = 0.02, yor = 0.08, To = 100K (The

black line). The orange line and the red line show the longitudinal contribution of the inverse of the magnetic staggered
susceptibility and the transverse contribution of that, respectively.
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Figure 6: Ta2/Taidependence of the T-linear coefficient of specific heat with yor = 0.02, yor = 0.08, T = 35K,
respectively.
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