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Outline

• Interplay of singlet superconductivity and ferromagnetism
•  P,T phase diagrams in heavy fermionic superconducting

ferromagnets UGe2, URhGe, UCoGe
• Phase transitions F→FSC and SC→FSC - physical picture
• Symmetry of Normal, Ferromagnet and Superconducting

Ferromagnet states
• Phase transitions F→FSC and SC→FSC - GL description
• Ferromagnet superconducting domains
• Interdomain Josephson coupling
• Conclusion.



Coexistence of ferromagnetism and
superconductivity in ternary compounds

 
 

 

Tsc>>Tcurie              ξ0>>λ



P,T phase diagram of UGe2
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Tcurie >> Tsc           ξ0<< a     µord< µcurie-weiss



P-T phase diagram URhGe

 



P-T phase diagram UCoGe

• Susceptibility confirms resistivity
measurements on polycrystalline sample
• SC also in high pressure region
• Upturn in χac indicating FM transition
disappears at 1.65 Gpa (pressure of
linear extrapolation)
• two clear steps for P > Pc~ 1.2 GPa



Ac-susceptibility under pressure

• We can nicely follow TCurie
• Upturn disappears only at 1.65 GPa
• Demagnetization factor decreases with P
• characteristic T* appears



 

URh1-xCoxGe



Phase transitions
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N→F   One band metal→Two band metal
 N→SC One band metal→One band superconductor
F →FSC Two band metal→Two band superconductor
SC→FSC One band superconductor→Two band superconductor



Symmetry of Normal, Ferromagnet and
Superconducting Ferromagnet states
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Unitary one band state

→ Nonunitary two band state



Domains
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Interdomain Josephson couling
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Conclusion

• The coexistence of superconductivity and ferromagnetism in several uranium
compounds is found to arise as a co-operative phenomenon rather than as the
overlap of two mutually competing orders.

• In all these compounds the substantial reduction of the ordered moment as
compared with the Curie-Weiss moment provides clear evidence of 5f itineracy.

• The large exchange field in comparison with superconducting gap points out that
here we deal with Cooper pairing in the triplet state.

• In UCoGe the pressure dependent critical lines of ferromagnet and
superconducting phase transitions intersect each other. The two band
multidomain superconducting ferromagnet state arises at temperatures below
both of these lines.

• The symmetry and the order parameters of normal, ferromagnet,
superconducting and ferromagnet superconducting states are discussed.

• The specific  intradomain Josepson coupling as well the Josepson coupling
between two adjacent ferromagnet superconducting domains is established.


