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We review the ferromagnetic superconductivity observed in the uranium based compounds,
namely UGe,, URhGe and UCoGe, where the spin-triplet state is most likely realized. An
unusual upper critical field He, which is enhanced under a magnetic field in a certain
field direction, is discussed in terms of spin fluctuations and of Fermi surface instabilities.
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RESUME

Dans cet article, on présente une revue des supraconducteurs ferromagnétiques a base
d’uranium, tels UGe,, URhGe et UCoGe, dans lesquels I'état fondamental est un triplet de
spin. Le champ critique supérieur He; a un comportement non usuel dans ces composés
et croit en présence d’'un champ magnétique appliqué le long de certaines directions. Ce
phénomene est discuté en termes de fluctuations de spin et d'instabilités de la surface de
Fermi.

© 2014 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

1. Introduction

The coexistence of ferromagnetism (FM) and superconductivity (SC) attracts much interest, because unconventional SC is
expected [1]. In the conventional s-wave SC, FM impedes the formation of Cooper pairs, because the large internal field is
not compatible with the spin-singlet state. In several rare-earth compounds, such as Chevrel phase compound ErRh4B4 [2],
the Curie temperature Tcyre iS Observed below the superconducting transition temperature Tsc, but SC basically conflicts
with FM. Once FM state is established, SC is destroyed. The ordered moment of the rare-earth atom is also large, indicating
localized 4f-electrons, which does not allow carrying conduction electrons.
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Fig. 1. (Color online.) Temperature dependence of resistivity with different RRR in (a) URhGe [12] and (c) UCoGe. T vs 1/RRR in (b) URhGe and (d) UCoGe.
Tsc in URhGe is normalized with T for pg — 0. Tsc in URhGe was defined by the onset of SC in resistivity. Tsc in UCoGe is defined as a mid-point of the
resistivity drop.

On the other hand, the microscopic coexistence of FM and SC is known in uranium compounds, namely UGe, [3],
URhGe [4] and UCoGe [5]. Although the FM ordered moments in the SC state vary from 1 to 0.05 /U, the 5f electrons are
considered to be itinerant at first approximation, because the moment is much smaller than the free ion value.

UGe; orders ferromagnetically below Tcyrie = 52 K. Applying the pressure, Tcyhe is suppressed at P. = 1.5 GPa. The
SC phase appears just below P. with the maximum Ts. = 0.8 K at another critical pressure Py ~ 1.2 GPa, where Ty is
suppressed. Tx is the boundary between the weakly polarized FM phase (FM1) and the strongly polarized FM phase (FM2).
At ambient pressure, Ty is a crossover between FM1 and FM2; it changes into the first-order transition through the critical
end point (CEP). Tcyte also changes from the second-order transition to the first-order transition at the tricritical point
(TCP) at Ptcp ~ 1.42 GPa and at Ttcp ~ 24 K. Applying a field, the critical temperature can be tuned to 0 K, showing the
so-called wing structure in the temperature-pressure-field phase diagram [6,7].

URhGe is a ferromagnet with Tcye = 9.5 K. The ordered moment (0.4 ) is smaller than that of UGe; (1.5 ug). SC is ob-
served at ambient pressure at Tsc = 0.25 K. With increasing pressure, Tcyrie increases, while T decreases [8], indicating that
the system goes far from the critical region by pressure. The Sommerfeld specific heat coefficient is y = 160 m] K2 mol ™!,
which indicates a moderately enhanced heavy electronic state.

UCoGe also shows a ferromagnetic transition at Tcyqe ~ 3 K, with the ordered moment 0.05ug. SC is found at
Tsc ~ 0.7 K. Tcyrie decreases with pressure and becomes 0 K at the critical pressure P, ~ 1.2 GPa [9,10]. On the other
hand, T increases with a broad maximum around P, and then decreases. The SC state appears in both the FM and PM
states. The initial y-value (55 mJK~2 mol~!) also shows a maximum at P, according to the analysis of the resistivity
coefficient A.

An interesting point is that the crystal structure of the three ferromagnetic superconductors forms a zigzag chain of U
atoms. UGe; has an orthorhombic structure with the space group Cmmm. The distance of the first nearest neighbor of U
is dy.y = 3.85 A. The zigzag chain is elongated along the a-axis and the moment is also directed along the a-axis. URhGe
and UCoGe have the same orthorhombic crystal structure, with the space group Pnma. The zigzag chain is elongated along
a and the moment is directed along the c-axis. The value of dy.y is 3.50 A in URhGe and 3.48 A in UCoGe, which is close to
the so-called Hill limit. It should be noted that these structures of UGe,, URhGe and UCoGe have the inversion symmetry
in global, but no inversion symmetry in local due to the zigzag chain. It is pointed out that interesting phenomena are
expected owing to the parity mixing and the strong spin-orbit interactions. In URhGe, weak antiferromagnetism, which can
be induced by the Dzyaloshinskii-Moriya interaction, is theoretically predicted [11].

2. Sample quality and T

URhGe and UCoGe are materials with which it is very difficult to grow high-quality single crystals using the Czochralski
method, because they have an incongruent melting. Other attempts at crystal growth, such as the flux method and the
Bridgeman method, have so far been unsuccessful. Fig. 1b shows the variation of Ts. as a function of the inverse residual
resistivity ratio (RRR) in URhGe polycrystalline samples, which are obtained from different annealing conditions [12]. Ty is
very sensitive to the sample quality, and decreases with increasing residual resistivity. Tsc should be basically described by
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Fig. 2. (Color online.) Field-temperature phase diagram for SC in UGez, URhGe and UCoGe. The field is applied along the easy-magnetization axis (a-axis)
in UGe, at pressures between Px and P.. In URhGe and UCoGe, the field is applied along the hard magnetization axis (b-axis) [19].

Abrikosov-Gorkov’s pair-breaking theory, which is valid not only for magnetic impurities, but also for non-magnetic ones, as
observed in Sr;RuQ4 [13]. The strong dependence of Ts. on the sample quality indicates that SC is unconventional in URhGe.

In UCoGe, Tsc is not as sensitive to the sample quality as in URhGe, as shown in Fig. 1d, contrary to the FM, which
is strongly affected by sample quality. UCoGe is close to an FM instability already at ambient pressure, the FM phase
is easily suppressed at small pressure, P. ~ 1.2 GPa. Tsc shows a broad maximum around P. with increasing pressure,
indicating SC in both the FM sate and the PM state as a function of pressure. NQR spectra measured on polycrystalline
samples at ambient pressure show two different states, namely FM and PM, indicating phase separation [14]. As the FM
transition displays a first-order-like behavior and UCoGe is close to the FM instability, the phase separation of FM and PM
states is possible. An interesting point is that NQR spectra arising from both the FM and the PM states show SC to be
temperature-dependent on Ti. The FM state dominates in the higher-quality samples, while the fraction of PM phase due
to the phase separation increases in lower-quality samples. Since both phases become superconducting, the Ts. of UCoGe
seems insensitive to sample quality, compared to that of URhGe. It is also noted that the SC of UCoGe is detected even in
Si-substituted compounds up to 10% [15], indicating that the SC of UCoGe is insensitive to sample quality.

3. Field-reinforced superconductivity

One of the most spectacular behaviors in ferromagnetic superconductors is the unusual temperature dependence of H;.
Fig. 2 shows the Hc curves in UGe, [16], URhGe [17] and UCoGe [18]. In UGe;, the pressure is varied between P, ~
1.5 GPa and Px ~ 1.2 GPa. For UGe;, the field is applied along the easy-magnetization axis (H | a-axis), whereas the field is
applied along the hard-magnetization axis (H || b-axis) in URhGe and UCoGe. In these three materials, He; at 0 K is much
higher than the value expected from the Pauli-paramagnetic limit based on the weak-coupling BCS model (Hp ~ 1.86Tsc),
which means that the spin-triplet state with equal-spin pairing is most likely realized, where H, is not governed by the
Pauli-paramagnetic limit.

Furthermore, unusual “S”-shaped or field-reentrant H, curves are shown by the three materials. In UGey, it is known
that the FM state changes from FM1 to FM2 at the metamagnetic field Hx where H, increases vertically. The dHvA exper-
iments show a drastic change of the Fermi surface between the FM1, FM2, and PM states. The Sommerfeld coefficient also
shows a large drop at Hyx with increasing the field. The changes of Fermi surface and effective mass are key ingredients for
the S-shaped Hc, in UGe;.

In URhGe reentrant SC occurs between ~9 and ~13.5 T. Surprisingly, Tsc = 0.4 K at 12.5 T is higher than Ts. =0.25 K
at zero field, indicating that the SC is indeed reinforced by the magnetic field.

A similar behavior is also observed in UCoGe. The temperature dependence of Hc; shows the S-shaped curve instead of
reentrant SC phase. Ty at zero field in UCoGe is twice as large as in URhGe, thus the low-field SC phase is widened. One
can consider that the low-field SC phase and the reentrant SC phase are merged in UCoGe. As a result, the S-shaped Hc
curve is observed.

The similarity of URhGe and UCoGe is also seen in the field-temperature phase diagram for the Curie temperature. As
shown in Fig. 3, Tcyrie is suppressed with the field in the transverse configuration, where the field is applied perpendic-
ular to the initial easy-magnetization axis. According to the GL free energy consideration [20], it is known that Tcye is
suppressed with the field, following ATcuie ¢ —HZ2, when the field is applied along the hard-magnetization axis. Usually,
it is difficult to observe experimentally the suppression of T¢yie with the field, because Tcyje under a field gets easily
smeared due to the small mis-orientation of the easy-axis. Even if the single-crystal sample is perfectly aligned to the hard-
axis, Tcyrie is almost unchanged with the field up to the upper experimental limit because of the strong Ising anisotropy.
URhGe is a special case, because the moment can be easily tilted from the c¢ to the b-axis with increasing the field. The
magnetization curve also shows this peculiar behavior, namely the initial slope of magnetization (dM/dH) for H || b-axis is
rather large, as shown in Fig. 4a. The value of dM/dH for the b-axis is larger than that for the H || c-axis, thus the spin
reorientation to the b-axis occurs at Hg ~ 12 T.
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Fig. 3. (Color online.) Field-temperature phase diagram in URhGe and UCoGe for the H || b-axis [19].
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Fig. 4. (Color online.) Magnetization curves for a, b and c-axis in URhGe [21] and UCoGe [22].
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Fig. 5. (Color online.) Field dependence of effective mass detected by its Sommerfeld coefficient in URhGe [21] and the resistivity A coefficient in the form
of [A(H)/A(0)]'/? vs. H in UCoGe. The field dependence of the cyclotron effective mass from SdH experiments is also plotted for UCoGe [19].

UCoGe also shows a similar field-temperature phase diagram. Tcyre is suppressed from 2.5 K to 0 K around 14 T. The
significant difference is that no spin-reorientation is detected at high fields in UCoGe. The magnetization curve shows no
step-like anomaly, but increases linearly, as shown in Fig. 4b. The ordered moment of UCoGe is very small (~0.05 ug),
indicating weak itinerant ferromagnetism. The increase of magnetization with increasing the field for the H || c-axis is more
significant than that for the H || b-axis. This is why UCoGe does not show the spin reorientation for the H || b-axis. The
high-field magnetization up to 55 T for H | b-axis shows the upward curvature around 50 T. This broad anomaly is not
connected to Tcyre at zero field, but most likely vanishes at 30-40 K, where the susceptibility shows a broad maximum,
indicating that the broad anomaly at 50 T is probably due to the spin polarization at high field rather than to a spin
reorientation.

4. Mass enhancement and H¢,

The FM instabilities at high field induce the mass enhancement. As shown in Fig. 5, the field dependence of the effective
mass, detected by its Sommerfeld coefficient or by the resistivity coefficient A in T2 dependence, shows a maximum at
12 T in URhGe and 14 T in UCoGe for H | b-axis. On the other hand, the effective mass for the H || c-axis decreases
monotonously.

Assuming that T basically follows the simplified McMillan-like formula, namely Ts. ~ exp[—(A+1)/A], Tsc will increase
when the effective mass is enhanced. Here A is related to the effective mass m* and the band mass my, namely m* =
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Fig. 6. (Color online.) (a) Field dependence of the Hall resistivity for the H || b-axis in URhGe [23], and (b) magnetoresistance for the H || b and c-axis in
UCoGe [28].

mp + m** = (14 A)my,. Since H, is governed only by the orbital limit in the spin-triplet state with equal spin pairing, one
can describe Hey as Heo ~ (m*Tsc)2. Therefore, if the effective mass is enhanced, Ts. will increase and, moreover, Hey will
increase. In this simple model, the field-reinforced (-reentrant) SC can be explained.

It should be noted that the decrease of effective mass for H || c-axis in UCoGe is more drastic than that in URhGe. If
we assume that the band mass is almost unchanged with increasing the field, the drop of effective mass is mainly due
to the decrease of the correlation mass, namely m**, which originates from the FM spin fluctuations. The correlation mass
probably dominates the total effective mass in UCoGe, compared to the case in URhGe. This is also consistent with the fact
that UCoGe is closer to the FM criticality.

5. Fermi surface instabilities

Up to now, we assumed that the Fermi surface is invariant under a magnetic field. In reality, the Fermi surface can be
modified by the Zeeman spin splitting or the phase transition. In particular, UCoGe has a relatively low number of carriers
and the Sommerfeld coefficient is moderately enhanced. Thus the magnetic field effect for the Fermi surface should be im-
portant. This can be easily understood considering the fact that the q factor (= SNae/(y T)), defined from the thermopower
S and the specific heat y-value, is relatively large, g = 5. The value is comparable to that in the low-carrier heavy fermion
system URu,Siy, in which the Fermi surface is modified by the field, showing a Lifshitz transition [24-26].

The thermopower measurements for H || b-axis in UCoGe show a maximum around 12 T at low temperatures, implying
the reconstruction of the Fermi surfaces [27]. For the H || c-axis, the magnetoresistance shows an anomaly at 9 T. Further
increasing the field, successive anomalies at 18, 22 and 30 T are detected, as shown in Fig. 6b [28].

The low-field anomaly at 9T is also observed in the dHvA experiments. Figs. 7a-c show the dHvA oscillations and
the corresponding FFT spectra. A clear anomaly is observed at H* =9 T in the dHvVA oscillations for H || c-axis. A single
dHVA frequency is found in the FFT analysis with F = 2.5 x 108 Oe at H < H*, while the dHvA frequency splits into two
above H* probably due to the Zeeman spin-splitting, corresponding to the non-linear field response. The dHvVA frequency
F is proportional to the cross-sectional area of the Fermi surface Sg, namely F =fic/(2mwe)Sg. Assuming a spherical Fermi
surface, the detected Fermi surface occupies only 0.2% of the Brillouin zone. The small splitting of the dHvVA frequency
indicates that the Fermi surface is most likely unchanged through H*. The cyclotron effective mass below H* is 11my,
indicating a moderate enhancement in spite of the small frequency.

Although the dHVA effect and resistivity display the anomaly at H*, the magnetization measurements at 1.5 K show no
anomaly, indicating that the anomaly is very small; thus the usual magnetization measurements cannot detect it.

When the field direction is tilted from the c-axis, H* increases rapidly, as shown in Fig. 7d. The dHvVA frequency remains
around 3 x 108 Oe for both H < H* and H > H*, as shown in Fig. 7e-f, although it increases slightly with the field angle,
indicating a nearly spherical Fermi surface.

A new frequency is observed at high field above 20 T in the Shubnikov-de Haas (SdH) experiments. Fig. 7g shows the
angular dependence of SdH frequency. The frequency at high field is also almost constant, indicating a spherical Fermi
surface. The frequency is around 1 x 107 Oe, which is larger than the dHvA frequency detected at low field. It occupies
around 2% of the Brillouin zone. The corresponding y-value obtained from this Fermi surface is 7 mJK™2 mol~!, which is
more than 10% of the total y-value at zero field. These results demonstrate the low carrier density with heavy electronic
state in UCoGe.

At 1.5 GPa in the PM state, a similar dHvA frequency is observed. The SdH oscillations and its FFT are shown in Fig. 8. The
detected frequency is 3 x 10® Oe, which is almost the same as the frequency detected at ambient pressure. The cyclotron
mass for this frequency is 6.5mg, which is smaller than that detected at ambient pressure. From these experiments, the
Fermi surface seems unchanged, even in the PM state.

In the temperature-pressure phase diagram, Tsc smoothly changes as a function of pressure, with a broad maximum
at P.. When the Fermi surface is drastically reconstructed, Ts. also changes drastically, as observed in UGe, between FM1
and FM2 phases. The unchanged Fermi surface is consistent with the smooth change of Ty around P.. On the other hand,
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Fig. 8. (Color online.) Field dependence of magnetoresistance at different temperatures and the corresponding FFT at the lowest temperature at 1.45 GPa in
the PM state in UCoGe. The cyclotron effective mass was determined to be 6.5my.

Tcurie is the first order transition already at ambient pressure, according to the NQR experiments. The large difference of
Fermi surfaces between PM and FM states is also predicted by the band calculations based on the 5f-itinerant model. The
first-order nature of Tcye should be continued for Tcyre — 0 K at Pc. Thus the drastic change of the Fermi surface is
naturally expected. This is in contradiction with the present dHvA/SdH experimental results. Of course, not all the Fermi
surface is detected here. Further experiments using higher-quality samples are required.

In URhGe, the results of SAH experiments are reported for the field direction slightly tilted from the b to the c-axis. [29]
The detected SdH frequency is 5.5 x 10% Oe and the cyclotron effective mass is about ~20mg at 10 T at the field angle
6 =10 deg. The y-value, which is calculated from the detected SAH frequency, is 2.3 mJK™2 mol~!, indicating a small
contribution to the total y-value, 160 mJK~2 mol~!. The observed SdH frequency increases rapidly with the field, indicating
a non-linear response of Zeeman splitting on the Fermi surface. The authors claim that the pocket Fermi surface vanishes
near the reentrant-SC region, revealing a collapse of the Fermi velocity. In this case, the orbital limit increases strongly and
the reentrant-SC can be explained. However, the detected Fermi surface is only a small pocket Fermi surface with a very
small contribution (about 1.5%) to the total y-value. In order to conclude on the relation between Fermi surface instability
and reentrant-SC, the full determination of the Fermi surface is required using a higher-quality sample.
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Apart from the quantum oscillations, the Fermi surface instabilities are also suggested by Hall effect measurements.
Fig. 6a shows the field dependence of the Hall resistivity. The slope of the Hall resistivity is quite different between low-field
(H < HR) and high-field (H > Hg) regions, implying that a drastic change in the Fermi surface. Moreover, small anomalies
are detected at 10, 9.5 and 8.5 T, as denoted by arrows. These anomalies disappear at higher temperatures, above 0.4 K.
The successive anomalies only at low temperatures in the transport measurements remind us the Lifshitz-type transitions
observed in many heavy-fermion materials, such as URu;Si; [26], CeRu,Si, [30], YbRh;Siy [31], where many anomalies are
detected in the thermopower measurements near the (pseudo-) metamagnetic transition.

Our very recent results on thermopower measurements in URhGe are reminiscent of those in heavy fermion systems
mentioned above. Fig. 9 shows the field dependence of thermopower at low temperatures for the H | b-axis in URhGe.
Hg and RSC correspond to the spin-reorientation field and the reentrant superconductivity, respectively. Other anomalies at
least around 5 and 14 T are detected, although field definition for anomalies is not easy. Since the thermopower reflects the
energy derivative of the density of state, it is a sensitive probe for Fermi surface modification. The results of thermopower
measurements also imply the Fermi surface instabilities near Hg.

At zero field, recent ARPES studies on URhGe indicate the change of electronic structure below Tcyre, although it is
not clear near the Fermi level due to the heavy flat band [32]. Hall effect measurements also show a change in the Hall
coefficient in the FM state, indicating a change in the number of carriers. These results suggest that the Fermi surface is
reconstructed in the FM state at zero field.

6. Dynamical studies: the case of UCoGe

New insights into the spin dynamics in UCoGe were obtained, as *°Co is an excellent NMR probe. An evidence of the
coexistence of SC and FM is well established by NQR [33]; it was also obvious in pSR experiments [34]. From the coexistence
of PM and FM phases in a large T window below Tcyie, the FM transition must be a first-order one. However, in agreement
with the tiny ordered FM moment (mg ~ 0.05 up), the spin dynamics is dominated by slow energy spin fluctuations of the
Ising type. At least just above T, two relaxation components are detected, as shown in Fig. 10. The faster one displays a
typical variation of a normal Fermi liquid phase with 1/T; ~ T, the slower one displays a T3 decrease on cooling, which
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Fig. 11. (Color online.) (a) Angular dependence of 1/T; and (b) H® dependence of 1/T;. (c) FM fluctuations as a function of H® [45].

is typical for unconventional SC with a line node. The surprising feature is that these two components have a comparable
weight. The idea of self-induced vortex state by the internal field produced by FM has been invoked, but for such weak
field the number of created vortices in volume must be small. Let us notice that the residual y-term of specific heat of
electronic origin appears weak for high-quality crystals [19]. Yet there is no understanding of SC inhomogeneity detected in
NQR experiments.

As discussed previously, the key role of FM fluctuations appear in the strong anisotropy of the upper critical field H¢ (0)
observed in macroscopic experiments. From the specific heat measurements, the particular feature of UCoGe is that the
Sommerfeld coefficient decreases drastically when the magnetic field is applied along the c-axis (easy axis), while its initial
H dependence is weak for H || a and b-axes (hard axis), as shown in Fig. 5. These phenomena are beautifully observed in
NMR experiments, as shown in Fig. 11. The maxima of 1/Ty occur for H || b, i.e. for the angle & of H versus the b-axis
equal to 0. The key variable is the component for H along the c-axis; whatever the magnetic field H, 1/T; depends only
on the magnitude of its component along the c-axis (Fig. 11). As shown in Fig. 11c, the magnetic fluctuations ((8HC)?)
have a singularity in 1/+/H¢ and a strong enhancement of H(0) is observed close to H® =0, i.e. for H | a and b (hard
axes). Using the H dependence of the FM longitudinal fluctuations, excellent modeling of the H(, anisotropy has been
reproduced, assuming that the SC order parameter is the A state with point nodes with a d-vector near the I" point. The
strong H dependence of the fluctuations on H® may be connected to the peculiar singularity of the Fermi surface.

In the case of URhGe, the new feature is that the initial decrease on H of the Sommerfeld coefficient is rather moderate.
The major phenomenon when the field is applied along the b-axis is that this direction becomes the easy one at a critical
field Hg ~ 12 T. There is evidence of H enhancement of the Sommerfeld coefficient. Basically the driving mechanism is that
when the transverse field induces a magnetization comparable to the initial ordered moment (0.7 wp), its critical tempera-
ture drops and pushes the material close to FM instabilities. A crude model of superconductivity via effective mass enhance-
ment at Hg gives an excellent fitting of the field reentrant superconductivity at zero pressure, and even regarding its evolu-
tion under pressure. Recently K. Hattori and H. Tsunetsugu have investigated theoretically reentrant superconductivity in the
Ising superconductor URhGe under a transverse magnetic field [35]. In this model, soft magnons generate strong attractive
interactions close to Hg when the FM component along ¢ and the magnetic-field-induced magnetic component along b
become comparable. A recent theoretical description of unconventional SC in uranium compounds can be found in Ref. [36].
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The open question is the possible key role of the change of the Fermi surface topology at the FM-PM transition at zero
field and also under a magnetic field, either in longitudinal or transverse configurations.

UGey due to the high-quality single crystals is the only case where many Fermi surface orbits have been detected
for the three different phases FM2, FM1, and PM [37,38]. Clear and large changes in the Fermi surfaces occur at Py, P
but also at Hyx, Hy. For URhGe, only one small orbit has been detected; its disappearance just below Hy has been put
forward to claim that it is the collapse of the Fermi surface that may explain the enhancement of H,. Recently, the
indirect macroscopic evidence of Fermi surface reconstruction at Hr appears clear in Hall effect measurements as well as
in thermopower measurements.

In UCoGe, only one orbit has been detected for H || c. At least for the both URhGe and UCoGe, an H anomaly of the
thermoelectric power has been detected when a singularity of H¢, is detected. Thus the underlining idea is that there are
concomitant SC singularity and Fermi surface, such as a Lifshitz-like transition.

Maybe in these heavy-fermion compounds, where the local fluctuations play a leading role, SC is mainly given by short
interactions and the role of the Fermi surface change can be interpreted as the consequence of the H variation of the
Sommerfeld coefficient to describe the feedback on the SC pairing.

The key role of local fluctuation appears in neutron scattering experiments. Measurements on UGe; [39] and on
UCoGe [40] point out that, opposite to the case of 3d itinerant systems, the damping rate is finite at the wave vector
q — 0. It has been emphasized that such a behavior is impossible in one type of carrier, because it would violate the spin
conservation rule [41,42]. A new constant Iy as q — 0 observed in UGe; and UCoGe is the signature of the interplay be-
tween localized and itinerant electrons in the phenomenological description as well as in the microscopic analysis. Other
experimental evidences of two type of carrier were already given in pSR experiments for UGe, [43]. The electronic subset
of itinerant states corresponds to a quite small moment with very slow spin dynamics. The uSR experiments under pressure
has shown that this small moment contribution persists under pressure close to Px [44]. Qualitative explanations on the
experimental data are often made, assuming one carrier band. There is up to now no attempt to rebate the complexity of
the Fermi surface and multiband character with the dual character observed on the spin dynamics.
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