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1. ¥ Name of sample(s) and chemical formula, or compositions including physical form.

K>Cu30(S04); and K;3Cu3AlO2(SO4)s To investigate the spin dynamics in K,Cu3O(SO4)3, we performed
USR measurement at 1D area of J-PARC MUSE. However, unfortunately this experiment ended in failure. Then,

we performed the experiment on K3Cu3AlO,(SOy4)s.

2. RBRAERVFER (EBRNSIFWOIGNOFHE . TOEHZLRL TSN, )

Experimental method and results. If you failed to conduct experiment as planned, please describe reasons.

The diamond chain system is one of the low dimensional quantum spin systems, in which diamond shaped units
of § = 1/2 compose chains. In spite of its simple structure, low dimensionality, quantum effect and geometrical
frustration within a chain make this system very unique and exotic ground state has been studied theoretically
[K. Okamoto et al., J. Phys.: Condens. Matter 11 (1999) 10485-10498.]. Recently, we reported the interesting
magnetic properties in the new highly one-dimensional S = 1/2 scalene diamond chain compound
K3Cu3A10,(SO4)4 [M. Fujihala et al, J. Phys. Soc. Jpn. 84 (2015) 073702]. K5Cu3Al0,(SO4)4 contains the cu*
ions in a scalene diamond arrangement along the b-axis direction. Nonmagnetic potassium and aluminum ions
are located in the inter-chain space, thus resulting in a long inter-chain distance. Therefore, magnetic long-range
ordering is absent down to at least 0.5 K. As shown in Fig 2(a), the characteristic two broad peaks are observed
in the temperature dependence of magnetic susceptibility around Tyy ~ 200 K and Tipm ~ 50 K. Similar x(T)
behavior has been observed in Azurite [H. Kikuchi et al., Phys. Rev. Lett. 94 (2005) 0227201(1-4) and many
other works.], as two-stage development of short range correlation of dimers and monomers. In order to
investigate spin dynamics in this unique spin liquid state, we conducted muon spin rotation and relaxation (uLSR)
measurement at D1 area of J-PARC MUSE. We performed zero field (ZF) and longitudinal field (LF)
experiment on polycrystalline sample of K3;Cu3;AlO,(SO4)4 at 5 ~ 300K. Figure 1 (a) is the asymmetry spectra of
ZF-uSR measurement. We use following form for the fitting analysis A(f) = Ao exp[—(Af)”], where 1 is

depolarization rate of muon spin, 4 is the initial asymmetry, and f is a stretch parameter and § = 1.66.
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2. EERAERUFER (DDF) Experimental method and results (continued)

The blue and red circles in Fig.2 (a) shows the temperature dependence of 4 and A, obtained from fitting the
ZF-uSR data. And light colored arrows in Fig.2 (a) are guide to eyes. From these results, it is clear that long
range ordering is absent. We will discuss the behavior of 4 and A4, considering the magnetic susceptibility in
Fig.2 (b). In the temperature dependence of A, there is characteristic increase from 200 K to 5 K. In this
temperature range, since thermal fluctuation is reduced, we consider muon spins detect electron spin fluctuation.
Short range correlation between monomers develops as the temperature goes down. Therefore, this increase in 4
indicates fluctuation of monomer spins. Above 100 K, the behavior of A4 looks flat compared to that of 4. More
characteristic change is the reduction of 4y below 100 K, which Fig.1 (a) and Fig.2 (a) exhibit. This is attributed
to fast depolarization of muon spins observed as disappearance of asymmetry due to the limited time resolution
(= 0.1 us). Considering y(7) behavior, the correlation between monomers develops around 50 K. Thus we
consider fluctuation of monomer spins contributes to fast depolarization of muon spins. Fig.1 (b) shows
LF-uSR asymmetry spectra at 5 K fitted by the same form as that of ZF-uSR. It is clear that spectra at 10 G and
1000 G are almost the same, which shows small field 10 G decoupled muon spin relaxation. This result seems
strange because results of ZF-uSR indicates presence of distributed internal field which realizes fast
depolarization of muon spins, and such field cannot seems as weak as 10 G. Otherwise, different way of looking
this result is that, this internal field could be very sensitive to external field. More discussion and investigation
are still needed for fully understanding of these results. This experiment was the first challenge of pSR
investigation of dimer-monomer spin liquid state ground state in the distorted diamond chain system. Combining
results of previous experiments, we conclude that we were successful to observe the spin dynamics which
changes with the development of short-range correlation of alternating dimer-monomer spin liquid state. We
believe more detail of the spin dynamics in quantum spin liquid state in ideal one dimensional S = 1/2

antiferromagnet will be revealed in the next experiment on K3Cu3zAlO2(SOy)y .
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Fig. 1 (a) Zero-field muon spin asymmetry spectra and (b) longitudinal ~ Fig. 2 (a) Temperature dependence of muon spin relaxation (blue circles)
field muon spin asymmetry spectra of K3Cu3Al02(SO4)4. Measured and initial asymmetry (red circles) of K3Cu3A102(S04)4. (b)
temperatures and fields are written in Figures. Temperature dependence of magnetic susceptibility K3Cu3Al02(S04)4.
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