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Abstract

The quasi-particle excitations of a ferromagnet, near a quantum critical point are examined. The weak ferromagnetic

state is described by the Hubbard model. The effects of emission of absorption of Goldstone modes on the quasi-

particles is examined, as are the effects of the incoherent spin–flip excitations. It is found that, unlike the strong

ferromagnet, the Goldstone modes have negligibly small effects on the quasi-particle spectrum and the strongest effects

originate from the incoherent spin–flips. The incoherent spin excitations produce large quasi-particle mass

enhancements and also produce an incoherent peak in both the off Fermi energy majority and minority spin spectral

density.
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The effects of incoherent magnetic fluctuations
on the quasi-particle spectrum on the paramag-
netic side of a quantum critical point have been
thoroughly investigated [1–3], based on the frame-
work of the Stoner–Wohlfarth mean-field model
of ferromagnetism [4,5]. It was found that the
emission and absorption of damped spin-waves
can produce large quasi-particle mass enhance-
ments and can result in large enhancements of the
linear T term in the low-temperature electronic
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specific heat. Recent angle resolved photoemission
experiments [6] have revealed the quasi-particle
dispersion relation in ferromagnetic Fe, and have
attributed the mass renormalization to emission
and absorption of coherent spin waves. Here, we
examine the effect of both coherent and incoherent
spin fluctuations on the quasi-particle excitation
spectrum.

The transverse dynamic susceptibility, is calcu-
lated within the RPA [7], and has the form

wþ�ðn; qÞ ¼
wþ�

0 ðn; qÞ
1 � Uwþ�

0 ðn; qÞ
, (1)
d.
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Fig. 1. The frequency dependence of the real (solid-line) and

imaginary (broken-line) parts of the majority spin-self energy,

for various values of k.
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Fig. 2. The up-spin electronic spectral density A"ðo; kÞ as a

function of frequency, for various values of k. The quasi-

particle peaks are located near the Fermi energy (o ¼ 0), and

the incoherent peaks are located below the lower edge of the

mean-field up-spin sub-band.
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where wþ�
0 ðn; qÞ is the mean-field [4,5] susceptibil-

ity. In the ferromagnetic state, the mean-field
susceptibility is given by

wþ�
0 ðn; qÞ ¼

1

N

X
k

f k" � f kþ q#

Dþ �kþ q � �k � _n

 !
, (2)

where D is the mean-field exchange splitting. For
small q, the Goldstone modes [8] are found to obey
the dispersion relation

_n ¼ Dq2, (3)

where the spin-wave stiffness constant D is given
by the expression [7],

D ¼
U

3ND

X
k

f k" þ f k#

2

� �
r2�k

�

�
f k" � f k#

D

� �
jr�kj

2

�
. ð4Þ

For weak ferromagnets, the Goldstone mode
spectrum only exist below a critical value of q,
given by qc ¼ kF" � kF#: For larger q, the Gold-
stone spectrum merges with the Stoner continuum
and is rapidly attenuated. The electronic self-
energy due to the emission and absorption of
spin–flip excitations is given by the expression

Ssðo; kÞ ¼
U2

N

X
q

Z 1

�1

_dn
p

Im w�ssðnþ iZ; qÞ

�
1 � f k � q�s þ Nð_nÞ

_o� �k � q � sD=2 þ m� _n

" #
. ð5Þ

Near the quantum critical point, where the Gold-
stone mode only exists for q below qc; the real
part of the self-energy due to the Goldstone modes
is of the order of Dðqc=kFÞ

3: This contribution
to the self-energy is extremely small, highly k

dependent, and shows a marked frequency asym-
metry about o ¼ 0: By contrast, the self-energy
due to incoherent spin–flips is relatively large
and k independent and is non-zero on both sides
of the Fermi energy. The rapid o variation
of the total self-energy is shown in Fig. 1,
which is calculated for M ¼ 1

4
: The linear o

dependence of the real part of Ssðo; kÞ near o ¼
0 produces a quasi-particle mass enhancement of
the order of 8. The electronic spectral density,
defined by

Asðo; kÞ ¼ �
1

p
Im Gsðoþ iZ; kÞ (6)

is shown in Fig. 2. It is seen that in addition to the
narrow quasi-particle peaks located near the
Fermi energy, the spectra has weakly dispersive
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incoherent peaks located at energies below
the bottom of the spin–split mean-field band.
Although these incoherent peaks are not true
bound states, they are related to the two-hole
bound states predicted for the minority spin sub-
bands of strong ferromagnets [9–12].
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