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We investigated the temperature dependence of the inverse of the magnetic susceptibility, the nuclear magnetic relaxation rate, and the T -linear coefficcient of the specific heat in nearly ferromagnetic metals by using the self-consistent
renormalization theory of anisotropic spin fluctuations. At low temperatures, the inverse of the magnetic susceptibility has T2 -linear dependence. In elevated temperatures, the inverse of the magnetic susceptibility has T -linear
dependence. The nuclear magnetic relaxation rate hasT/yν -linear dependence where yν is the inverse of the reduced magnetic susceptibility. TheT -linear coefficient of the specific heat has ln(1 + 1/y0ν ) (ν =∥ or ⊥) where
y0ν is the inverse of the reduced magnetic susceptibility at the zero temperature.
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Fig1:The temperaturedependenceoftheinverseofthereducedmagneticsusceptibilityy ν(ν=∥,or⊥)when
y0∥=0.01(the red line), y0⊥ = 0.1(the orange line), y1∥=y2∥=3, y1⊥=y2⊥=1, respectively.
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Fig 2: The temperature dependence of the inverse of the reduced magnetic susceptibility yν (ν =∥, or ⊥) when
y0∥=0.01(the red line), y0⊥ = 0.1(the orange line), y1∥=y2∥=6, y1⊥=y2⊥=1, respectively.

1. Purpose
It seems to us that the effects on anisotropically ferromagnetic spin fluctuations have been unanswered in

nearly ferromagnetic metals, however. We extend the SCR theory to the anisotropic spin fluctuation case in nearly
ferromagnetic metals. Throughout this paper, we use units of energy, such thatℏ = 1,kB = 1, and 2µB = 1,
unless explicitly stated. We assume that c-axis is the axis of easy magnetization.

2. The inverse of the magnetic susceptibility with the SCR theory
The inverse of the reduced magnetic susceptibility are obtained.

y∥ = y0∥ + (3/2)y1∥

∫ 1

0

dxx
3[lnu∥ − 1/(2u∥) − ψ(u∥)] (1)

+(2/2)y1⊥

∫ 1

0

dxx
3[lnu⊥ − 1/(2u⊥) − ψ(u⊥)]

y⊥ = y0⊥ + (1/2)y2∥

∫ 1

0

dxx
3[lnu∥ − 1/(2u∥) − ψ(u∥)] (2)

+4y2⊥

∫ 1

0

dxx
3[lnu⊥ − 1/(2u⊥) − ψ(u⊥)]

At low temperatures t << 1, we use the following asymtotic expansion of the digamma function in the integrand
of Eqs. (1) and (2).

lnuν − 1/2uν − ψ(uν ) ≃
1

12u2
ν

+ . . . . (3)

At low temperatures the inverse of the magnetic susceptibility has T2 -linear dependence. In elevated temperatures,
it has T -linear dependence.

3. The nuclear magnetic relaxation rate
The nuclear magnetic relaxation rate is studied by using the dynamical susceptibility in the nearly ferromagnetic

metals. It is obtained:

1

T1ν
= (gµB)2(γnAhf )2

t
3

2πανTAν
[

1

yν
−

1

1 + yν
](ν =∥ or ⊥) (4)

where T1ν (ν=∥ or ⊥) is a nuclear magnetic relaxation time, Ahf is the hyperfine coupling constant. γn is
the nuclear gyromagnetic ratio, and N0 is the number of the magnetic atom. g is the g-factor of the conduction
electron, andµB is the Bohr’s magneton.
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Fig 3: The temperature dependence of
2πανTAν

T1ν (γnAhf )2(gµB)2 (ν =∥ or ⊥) when y0∥=0.01(the red

line), y0⊥=0.1(the orange line), y1∥ = y2∥ = 3, y1⊥ = y2⊥ = 1, respectively.
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Fig 4: The temperature dependence of
2πανTAν

T1ν (γnAhf )2(gµB)2 (ν =∥ or ⊥) when y0∥=0.01(the red

line), y0⊥=0.1(the orange line), y1∥ = y2∥ = 6, y1⊥ = y2⊥ = 1, respectively.

4. The T -linear coefficient of the specific heat
The specific heat of spin fluctuations is

Cm

T
= −

∂2Fsf

∂T2
. (5)

The T -linear coefficient of the specific heat γm is obtained

γm =
N0
4T0

ln(1 +
1

y0∥
) +

N0
2T0

ln(1 +
1

y0⊥
). (6)

From Eq.(6), γm increases when y0ν decreases. In contrast to nearly ferromagnetic metals, γm increses in
nearly antiferromanetic metals when ys0 increases where ys0 is the inverse of the reduced staggered magnetic
susceptibility at the zero temperature.

5. Conclusions
We have made the self-consistent renormalization theory of anisotropic spin fluctuations in three dimensional

nearly ferromagnetic metals beyond the random phase approximation. We have investigated the temperature depen-
dence of the inverse of the magnetic susceptibility, nuclear magnetic relaxation rate, and the T -linear coefficient of
the specific heat in nearly ferromagnetic metals. We have found that the temperature dependence of the inverse of the
magnetic susceptibility has T2 -linear behavior at low temperatures. With increasing temperatures it has T -linear
dependence. The nuclear magnetic relaxation rate has t/yν -linear dependence. The anisotropy appears in the
inverse of the magnetic susceptibility and the nuclear magnetic relaxation rate by anisotropic spin fluctuations. The
T -linear coefficient of the specific heat increases when the inverse of the magnetic susceptibility decreases.

Acknowledgments
This work is supported by the Kindai University Technical College grants. The author would like to thank Y.

Takahashi, D. Legut, and S. Khmelevskyi for fruitfull discussions. He would like to also thank Y. Tokunaga, Y. Haga,
H. von Lohneysen, M. Brando, F. Steglich, C. Geibel, J. Flouquet, A. de Visser, S. Murayama, K. Ishida, E. Bauer, M.
Grosche, K. Gofryk, P. Canfield, V. Sechovsky F. Honda, and N. Hatayama for stimulating conversations.

References

[1]R.Konno,NanoTechnology&NanoScienceJournal5,233(2023)
.
[2]R.Konno,NanoTechnology&NanoScienceJournal5,399(2023).

[3]R.Konno,NanoTechnology&NanoScienceJournal6,497(2023).


	Purpose
	The inverse of the magnetic susceptibility with the SCR theory
	The nuclear magnetic relaxation rate
	The T-linear coefficient of the specific heat
	Conclusions



