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Nu lear magneti resonan e (NMR) under high pressure up to 3GPa
was performed by using a single rystal of Sr2 Ca12 Cu24 O41 to investigate
the spin dynami s on the riti al regime neighboring the super ondu ting
phase. The temperature dependen e of the relaxation rate 1=T1 shows
an a tivated behavior at high temperatures above 50K and a power law
behavior at low temperatures below 50K. The phenomenon is intrinsi to
this system and ree ts u tuations originating from motion of holes.
PACS numbers: 74.62.Fj, 74.72.Jt, 76.60.k
1. Introdu tion

The hole-doped two-leg ladder Sr2 Ca12 Cu24 O41 is nowadays well established as a low dimensional uprate where super ondu ting state is realized
at low temperatures by applying pressure up to 3.0 GPa [1℄. The system
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has been extensively studied at ambient pressure for the past few years by
various experimental methods in onne tion with super ondu tivity and low
dimensional magnetism. One of the remarkable features is the existen e of
an ex itation gap although holes are doped into the ladder sites and the system be omes metalli for the leg dire tion, rystal -axis [2, 3℄. De reasing of
the gap by applying pressure was observed from nu lear magneti resonan e
(NMR) for the eld ( ) perpendi ular to the ladder plane ( -axis), and has
been linked with the appearan e of the super ondu ting state [4-6℄. In fa t
the super ondu ting state is realized at low temperatures where thermal
a tivation hardly o urs. Flu tuation at low temperatures is important as
well as the problem whether the spin gap exists or not at the riti al regime.
Flu tuation relating to the density of states in the super ondu ting state
ould be observed at low temperatures if masking of other extrinsi fa tors
does not o ur. In the present work, we measured nu lear spin-latti e relaxation rate (1 1 ) under pressure down to 1.4K and dis ussed the origin of
u tuation at low temperatures.
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2. Experiments

A single rystal of Sr2 Ca12 Cu24 O41 with a size of 4  3  1 mm3 was
used for the 63 Cu-NMR measurements. The measurements under pressure
were performed by using a lamp-type pressure ell whose ylinder part is
made of an alloy of NiCrAl. The eld was applied along the -axis sin e
the upper riti al eld is the largest among three rystal axes [7℄. NMR
spe trum at 3GPa is almost the same with that at ambient pressure as far
as the splitting due to the EQQ ee t is on erned. The spe tra for entral
transition ( = 1 2 1 2) at the ladder sites show no remarkable in rease
in the linewidth around 2K where an antiferromagneti ordering is expe ted
from neutron s attering [8℄. The results of NMR implies that no ordering
o urs at the ladder sites. If the ordering is realized at the ladder sites,
intensity of the NMR spe tra drasti ally de reases at the riti al regime as
well as drasti broadening of the linewidth. In fa t the
dependen e of
2%-Zn doped SrCu2 O3 whi h in ludes no hain sites shows drasti broadening of the linewidth at the ordering point [9℄.
The results of 1 1 at the ladder sites are shown in Fig. 1. The values
of pressure at room temperatures are shown in the gure. 1 1 shows an
a tivated behavior at high temperatures above 50K ree ting triplet-singlet
spin ex itation, however, deviates from the behavior with de reasing temperature. Then, 1 1 is expressed as:
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where

=T1 = Aexp( =T ) + BT n ;

(1)

 represents the ex itation gap. The value of the gap is about 173K,
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n

but depends on tting range. The value of power, is nearly 1 at temperature range between 50 and 5K. The value of be omes about 0.5 at low
temperatures below 5K.
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Fig. 1. 1=T1 of

63 Cu

nu lei on ladder sites.

3. Dis ussion

The fa t that the experimental results are well expressed by Eq. (1) implies the oexisten e of a spin-gap ex itation and a gapless ex itation. The
oexisten e is a quite remarkable feature sin e only one signal was observed
from 63 Cu ladder sites. The a tivated behavior ree ts singlet-triplet ex itation whi h is seen in the insulator SrCu2 O3 . On the other hands, the power
low behavior ree ts Korringa relation with low density of states ( F ). The
pre-fa tor
in Eq. (1) is proportional to ( F )2 and the value of ( F ) is
obtained as 1 77  10 3 eV 1 atom 1 .
The oexisten e of two ex itation modes is easily understood if spin u tuations around holes and away from holes are dierent or independent,
and low density of states originates from the u tuation around holes. The
ground state of a non-doped ladder system is overlap of spin dimmers on the
rung. In a hole doped system, holes breaks spin dimmers, whi h auses the
appearan e of free spins on the same rung. In other wards, holonspinon
bound state is indu ed on the rung by hole doping. The phenomena is expe ted as an end- hain ee t in a low-dimensional quantum spin system.
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The a tivated and power low behaviors at high and low temperatures are
aused from spin dimmers away from the bound state and free spins in the
bound state, respe tively. The origin of the free spins in the bound state
would be the same with lo alized free end spins in a quantum spin system.
However, the bound state moves mainly along the ladder, whi h gives small
density of states and a paramagneti behavior instead of a Curie-like behavior expe ted in lo alized free spins. The experimental results are well
explained by onsidering the bound state, however 1 1 at low temperatures below 5K deviates from Korringa relation. The reason is not lear at
present. A possibility may be that spins originating from the bound state
is no longer free at low temperatures and some orrelations between them
auses a omplex situation.
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4.

Con lusion

We have measured 1 1 on 63 Cu nu lei for the H parallel to the -axis
down to 1.4 K under pressure up to 3 GPa. The experimental results suggest
the oexisten e of the spin-gap ex itation and the gapless ex itation arising
from the motion of the holonspinon bound state on the rung.
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