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Ferromagnetic Superconductor

—

Ferromagnetism & Superconductivity

(with a spin-singlet pairing)

Mutually exclusive ?!

Coexistence of ferromagnetism and superconductivity has
been known.
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Break Th rough (S.S. Saxena et al. Nature ‘00)
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Coexistence of superconductivity
- -
and ferromagnetism in URhGe
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Superconductivity on the Border of Weak Itinerant Ferromagnetism in UCoGe
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Introduction 2

e Othorhombic
» U forms zigzag chain

0.0 0 0.2 03 04 05
T(K)
N. T. Huy, et al., Phys. Rev. Lett. 100 077002 (2008)

Large Upper Critical Field:
Greater than Pauli-Limit field (that is an
expected Hc2 in the spin-singlet SC)

(B (DK ) = 1L.83T50 ~ 1T)
Spin-triplet superconductivity? /
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Motivation

P——————

e By using Co-nuclear
quadrupole resonance (NQR),
we have investigated
magnetic and SC properties in
UCoGe.

Whether SC and FM states
coexist microscopically or not?

= Microscopic measurements are
crucial.

Sample: Provided by
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Nuclear Quadrupole Resonance (NQR)

When nuclear Spin (/1=1) O +q O +qg
Electric quadrupole moment (eQ) is present +Q
1<:| Electric field gradient:V,, Nucleus—> ©
Energy Levels are split. Other nuclear O + O +
site———> q q
When RF fields corresponding to the Energy of nucleus
energy splitting are applied, resonance is High Low
observed.
59CO
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* Signal from electric quadrupole Int. \l ! [+3/2) ﬁ /\
= Microscopic information around \Y j 41/2) 0 Frequency (MHZ

\ nuclear site
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Co-NQR Intensity { arb. units )
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>9Co-NQR spectrum 2

—
FM state
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Zeeman Interaction by internal field

======= PM phase
======= FM phase
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Internal Field
—
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U ordered moments produce the Internal field at the Co site. | of NQR p
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>?Co-NQR spectrum
r— FM state (T<T,,.) Two Co signal

® Co signal with internal field
Co signal from FM region

® Co signal without internal field
Co signal from PM region

Phase separation

FM region PM region

4 5 6 7 8 9
Frequency (MHZz) |

*Co-NQR Intensity (arb. units.)

From the measurement of 1/T1, we can know which
region is responsible for superconductivity.
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Spin-lattice relaxation time : T,

—

Nuclear spins are
saturated

m+ 1) “00086—— T,

Nuclear Spin-lattice
relaxation Time : T,

Characteristic time for going back
to the thermal equivbrium
after thermally excited state
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Thermally
equivbrium
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Nuclear spins interact with electronic spins

1 — 2vaikpT A X" (q,wo)
1 (Teﬁ)z q S w0
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In a conventional metal, 1/T; is
proportional to T and N(E)?

Dynamical information
surrounding the nuclear spins
(e.g. Electrons around EF and
spin dynamics )
Superconducting state
= quasiparticle decreases due to
opening SC gap
=T,: longer (1/T;: smaller)

distribution
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Relaxation Curve @ PM

—
Relaxation behavior : (m==%x5/2 <> £3/2)
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Relaxation Curve @ FM
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FM

PM

~30%

~20%

~50%

Fraction of SC state SC comp. at the FM
signal is larger than that at the PM signal
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