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NMR STUDY OF A SPIN LADDER Sr2Ca12Cu24O41UNDER HIGH PRESSURE UP TO 3.0 GPa�Naoki Fujiwara, Yoshiya UwatokoISSP, University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581, JapanNobuo M�riDepartment of Physis, Faulty of Siene, Saitama University255 Simookubo, Saitama 338-8570, JapanTakehiko MatsumotoNational Researh Institute for Metal, Tsukuba 305-0047, JapanNaoki Motoyama, and Shinihi UhidaDepartment of Superondutivity, University of Tokyo7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan(Reeived July 10, 2002)Nulear magneti resonane (NMR) under high pressure up to 3GPawas performed by using a single rystal of Sr2Ca12Cu24O41 to investigatethe spin dynamis on the ritial regime neighboring the superondutingphase. The temperature dependene of the relaxation rate 1=T1 showsan ativated behavior at high temperatures above 50K and a power lawbehavior at low temperatures below 50K. The phenomenon is intrinsi tothis system and re�ets �utuations originating from motion of holes.PACS numbers: 74.62.Fj, 74.72.Jt, 76.60.�k1. IntrodutionThe hole-doped two-leg ladder Sr2Ca12Cu24O41 is nowadays well estab-lished as a low dimensional uprate where superonduting state is realizedat low temperatures by applying pressure up to 3.0 GPa [1℄. The system� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(451)



452 N. Fujiwara et al.has been extensively studied at ambient pressure for the past few years byvarious experimental methods in onnetion with superondutivity and lowdimensional magnetism. One of the remarkable features is the existene ofan exitation gap although holes are doped into the ladder sites and the sys-tem beomes metalli for the leg diretion, rystal -axis [2, 3℄. Dereasing ofthe gap by applying pressure was observed from nulear magneti resonane(NMR) for the �eld (H) perpendiular to the ladder plane (b-axis), and hasbeen linked with the appearane of the superonduting state [4-6℄. In fatthe superonduting state is realized at low temperatures where thermalativation hardly ours. Flutuation at low temperatures is important aswell as the problem whether the spin gap exists or not at the ritial regime.Flutuation relating to the density of states in the superonduting stateould be observed at low temperatures if masking of other extrinsi fatorsdoes not our. In the present work, we measured nulear spin-lattie relax-ation rate (1=T1) under pressure down to 1.4K and disussed the origin of�utuation at low temperatures.2. ExperimentsA single rystal of Sr2Ca12Cu24O41 with a size of 4 � 3 � 1 mm3 wasused for the 63Cu-NMR measurements. The measurements under pressurewere performed by using a lamp-type pressure ell whose ylinder part ismade of an alloy of NiCrAl. The �eld was applied along the -axis sinethe upper ritial �eld is the largest among three rystal axes [7℄. NMRspetrum at 3GPa is almost the same with that at ambient pressure as faras the splitting due to the EQQ e�et is onerned. The spetra for entraltransition (I = �1=2; 1=2) at the ladder sites show no remarkable inreasein the linewidth around 2K where an antiferromagneti ordering is expetedfrom neutron sattering [8℄. The results of NMR implies that no orderingours at the ladder sites. If the ordering is realized at the ladder sites,intensity of the NMR spetra drastially dereases at the ritial regime aswell as drasti broadening of the linewidth. In fat the T dependene of2%-Zn doped SrCu2O3 whih inludes no hain sites shows drasti broaden-ing of the linewidth at the ordering point [9℄.The results of 1=T1 at the ladder sites are shown in Fig. 1. The valuesof pressure at room temperatures are shown in the �gure. 1=T1 shows anativated behavior at high temperatures above 50K re�eting triplet-singletspin exitation, however, deviates from the behavior with dereasing tem-perature. Then, 1=T1 is expressed as:1=T1 = Aexp(��=T ) +BT n ; (1)where � represents the exitation gap. The value of the gap is about 173K,



NMR Study of a Spin Ladder Sr2Ca12Cu24O41 . . . 453but depends on �tting range. The value of power, n is nearly 1 at temper-ature range between 50 and 5K. The value of n beomes about 0.5 at lowtemperatures below 5K.
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Fig. 1. 1=T1 of 63Cu nulei on ladder sites.3. DisussionThe fat that the experimental results are well expressed by Eq. (1) im-plies the oexistene of a spin-gap exitation and a gapless exitation. Theoexistene is a quite remarkable feature sine only one signal was observedfrom 63Cu ladder sites. The ativated behavior re�ets singlet-triplet exita-tion whih is seen in the insulator SrCu2O3. On the other hands, the powerlow behavior re�ets Korringa relation with low density of states n(EF). Thepre-fator B in Eq. (1) is proportional to n(EF)2 and the value of n(EF) isobtained as 1:77 � 10�3 eV�1atom�1.The oexistene of two exitation modes is easily understood if spin �u-tuations around holes and away from holes are di�erent or independent,and low density of states originates from the �utuation around holes. Theground state of a non-doped ladder system is overlap of spin dimmers on therung. In a hole doped system, holes breaks spin dimmers, whih auses theappearane of free spins on the same rung. In other wards, holon�spinonbound state is indued on the rung by hole doping. The phenomena is ex-peted as an end-hain e�et in a low-dimensional quantum spin system.



454 N. Fujiwara et al.The ativated and power low behaviors at high and low temperatures areaused from spin dimmers away from the bound state and free spins in thebound state, respetively. The origin of the free spins in the bound statewould be the same with loalized free end spins in a quantum spin system.However, the bound state moves mainly along the ladder, whih gives smalldensity of states and a paramagneti behavior instead of a Curie-like be-havior expeted in loalized free spins. The experimental results are wellexplained by onsidering the bound state, however 1=T1 at low tempera-tures below 5K deviates from Korringa relation. The reason is not lear atpresent. A possibility may be that spins originating from the bound stateis no longer free at low temperatures and some orrelations between themauses a omplex situation. 4. ConlusionWe have measured 1=T1 on 63Cu nulei for the H parallel to the -axisdown to 1.4 K under pressure up to 3 GPa. The experimental results suggestthe oexistene of the spin-gap exitation and the gapless exitation arisingfrom the motion of the holon�spinon bound state on the rung.REFERENCES[1℄ M. Uehara et al., J. Phys. So. Jpn. 65, 27 (1996).[2℄ K. Kumagai et al., Phys. Rev. Lett. 78 1992 (1997).[3℄ N. Motoyama, et al., Phys. Rev. B55, R3386 (1997).[4℄ H. Maya�re et al., Siene 279, 345 (1998).[5℄ Y. Piskunov et al., Eur. Phys. J. B13, 417 (2000).[6℄ T. Mito et al., Physia B 259�261, 1042 (1999).[7℄ T. Nakanishi, et al., Physia B 281�282, 957 (2000).[8℄ S. Katano et al., Physia B 259�261, 1046 (1999).[9℄ N. Fujiwara et al., Phys. Rev. B61, 12196 (2000).


