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We studied the dependen e of the super ondu ting transition temperature TSC on the residual resistivity in the ferromagneti super ondu tor
URhGe. The strong suppression of TSC aused by defe ts was observed.
Super ondu tivity is ompletely destroyed when the mean free path falls
below the super ondu ting oheren e length, suggesting un onventional super ondu tivity.
PACS numbers: 74.70.Tx, 74.25.Fy

The oexisten e of ferromagnetism and super ondu tivity is a ru ial
problem. In the 1970s, extensive studies were done for 4f -ele tron systems,
showing both super ondu tivity and ferromagnetism, su h as ErRh4 B4 [1,2℄
and HoMo6 S8 [3℄. In these ompounds, the 4f -ele tron is well lo alized and
possesses a large magneti moment. The super ondu ting riti al temperature TSC is larger than the Curie temperature TCurie , and the super ondu ting phase is expelled in the ferromagneti phase be ause of the large internal
eld. Therefore, super ondu tivity and ferromagnetism ompete with ea h
other in this system. The dis overy of super ondu tivity in the itinerant ferromagnet UGe2 , however, hanges the situation ompletely [4, 5℄. In UGe2 ,
the super ondu ting phase only exists in the ferromagneti phase, showing
the oexisten e of ferromagnetism and super ondu tivity.
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Re ently we found super ondu tivity at ambient pressure in the itinerant ferromagnet URhGe as an another example [6℄. The results of spe i
heat, magnetization and upper riti al eld are onsistent with a superondu ting pairing of spin-triplet type. It is known that the TSC of unonventional super ondu tors is highly sensitive to the residual resistivity,
be ause the pair-breaking o urs not only for magneti impurities but also
for non-magneti impurities and defe ts. For instan e, super ondu tivity in
Sr2 RuO4 is ompletely suppressed when the residual resistivity is greater
than 1  m [7℄. CeRh2 Si2 shows no super ondu tivity when the residual
resistivity ratio (RRR) is less than 30 [8℄. Here we report the dependen e of
TSC on the non-magneti impurities or defe ts in URhGe determined from
resistivity measurements.
Poly rystals of URhGe were prepared by radio-frequen y heating of stoihiometri amounts of the onstituents. The obtained rystals were annealed
at 900 Æ C for 5 days under ultra high va uum. X ray powder dira tion and
ele tron mi roprobe analysis were arried out to he k the samples. The results showed the stoi hiometry to be lose to the ideal without any impurity
elements and phases.
URhGe rystallizes in the orthorhombi TiNiSi-type stru ture, forming
zigzag- hains between nearest-neighbor uranium atoms. The Curie temperature TCurie is 9:5 K and the ordered moment is 0:42 B =U, suggesting weak
ferromagnetism. Ree ting the rystal stru ture, the magneti properties
are anisotropi . The magneti moment is dire ted along the -axis and its
anisotropy eld is estimated to be more than 100 T. The magneti entropy
is 0:2R ln 2 at TCurie [9℄ and the magnetization displays no saturation up to
40 T [10℄, indi ating the itinerant nature of the 5f -ele trons. The ele troni
spe i heat oe ient is 160 mJ=K2 mol, whi h is omparable to the heavy
fermion super ondu tor UPd2 Al3 .
We show in Fig. 1 the ele tri al resistivity with dierent residual resistivities. The resistivity steeply de reases with de reasing temperature below
TCurie and follows the relation  = 0 + AT 2 at low temperature, indi ating
Fermi liquid behavior. The oe ient A is about 2  m=K2 , whi h is the
same for all the samples. The value of A= 2 is 9  10 5  m K2 mol2 =mJ2 ,
whi h is onsiderably larger than 1  10 5  m K2 mol2 =mJ2 , the universal
value obtained from the KadowakiWoods relation [11℄. This suggests that
URhGe is lose to the quantum riti al point, be ause the oe ient A is
predi ted to diverge at the quantum riti al point from SCR theory [12℄.
In the sample with 0 = 2  m, the resistivity starts to deviate from
the T 2 -behavior at 0.45 K with de reasing temperature, and be omes zero
at 0.25 K, indi ating super ondu tivity. On the other hand, the sample with
0 = 40  m shows no super ondu tivity down to 70 mK.
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Fig. 1. Temperature dependen e of the resistivity of URhGe with dierent residual
resistivities. The arrows indi ate the onset of super ondu tivity.

Shown in Fig. 2 is the TSC as a fun tion of the residual resistivity 0 ,
where we dened the TSC as the onset of the deviation from T 2 -behavior.
The TSC de reases with in reasing 0 . Based on the free ele tron model, we
an simply estimate the mean free path l at about 1000 Å for 0 = 2  m
and 100 Å for 0 = 40  m. Sin e the oheren e length  is known to be
180 Å from the upper riti al eld, super ondu tivity o urs when the mean
free path is of the order of, or larger than the oheren e length. This supports
the idea that URhGe an be lassied as an un onventional super ondu tor.
Contrary to the strong suppression of TSC , the Curie temperature TCurie
shows no hange with the residual resistivity.
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Fig. 2. Dependen e of the super ondu ting transition temperature TSC on the
residual resistivity 0 . TSC is dened as the onset of the deviation from T 2 -behavior
of resistivity. The solid line is a guide to the eyes.
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In on lusion, we measured the resistivity in URhGe with dierent residual resistivities. Super ondu tivity is ompletely destroyed when the relation
of l .  is satised. This supports the un onventional super ondu tivity of
URhGe.
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